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The concentration of chlorophyll in marine environments indicates the quantity 

of photosynthetic plankton (phytoplankton), found in marine ecosystems. 

Phytoplankton populations are affected by weather conditions such as Sea 

Surface Temperature and Winds. They are also influenced by Aerosol Optical 

Depth(AOD), which can show the existence of dust. Moreover, there are 

seasonal variations and the correlation between these factors varies according 

to the depths. Despite the decrease in temperature and an increase in pressure 

on land areas during winter, which is accompanied by a decrease in strong 

winds, the formation of atmospheric fronts and strong winds caused the transfer 

of dust from susceptible springs in Saudi Arabia and the UAE and dust was 

transferred to it from the southern coast of the Persian Gulf. Investigating the 

long-term relationship between SST changes and the AOD with chlorophyll 

concentration on the Persian Gulf coasts as well as the Oman Sea, using daily 

MODIS products in the period of 2003 to 2020 demonstrates a strong 

correlation in coastal areas with the lowest depth. trend of SST and AOD on the 

both Seas is similar, along with the lowest values during the winter, while the 

seasonal trend show, the highest values of chlorophyll concentrations, in winter. 

Besides examining long-term chlorophyll concentration behavior over the Sea 

of Oman and the Persian Gulf, an emphasis was applied to the cold season of 

the year on February 17-22, 2018 for understanding the relationships between 

chlorophyll, AOD, and SST, showing the possibility of time delay in the 

correlation between sea surface temperature and optical depth of aerosols with 

chlorophyll concentration.  

Keywords: 

Chlorophyll 

SST 

AOD 

Persian Gulf 

Oman Sea 

Sand and Dust 

1. Introduction
The concentration of chlorophyll in marine ecosystems

is an indication of the quantity of plankton in those

ecosystems and affects its dynamics. Chlorophyll

concentrations are not constant and are affected by

seasonal variations, precipitation, water flow, and

water surface temperature [1]. Numerous studies have

been conducted in this area and the extent of these

effects has been demonstrated to vary across

ecosystems [1-4]. Chlorophyll concentration can also

be affected by changes in salinity that occur due to the

evaporation of seawater[5].An increase in wind speed

over the Persian Gulf increases the rate of evaporation,

which can cause changes in the salinity and hence the

concentration of chlorophyll [6]. Aerosols in the

atmosphere are a rich source of nutrients that increase 

the production of marine environments and their 

carbon sequence, which affects the concentration of 

carbon dioxide and ultimately the climate [2]. Paytan et 

al. 2009 demonstrated that the growth response of 

phytoplankton to aerosols varies according to the 

specific composition of aerosols and the phytoplankton 

species [2]. Aerosols contain a variety of natural and 

synthetic compounds, including mineral dust, sea salt 

crystals, bacteria, and other microscopic particles. 

Aerosols add nitrogen and phosphorous compounds to 

water; however, not all aerosols enhance 

phytoplankton growth [2]. In another study, Galissai et 

al. (2014) investigated the possibility of dust storms 

affecting the growth of phytoplankton in the 

mailto:m-rahnama@irimo.ir
mailto:nushin_khoddam@alumni.ut.ac.ir
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Mediterranean Sea [1]. This study was important 

because the surface of the Mediterranean Sea lacks 

essentially the nutrients necessary for the growth of 

plankton, but its proximity to the world's largest and 

most active desert has led to the influx of minerals. This 

study revealed that the advent of aerosol accounts for 

around one to ten percent (on average 5%) of 

chlorophyll variability in the Mediterranean [1]. This 

highlights the importance of investigating the impact of 

dust events on chlorophyll concentrations in marine 

environments. In order to monitor phytoplankton on 

synoptic scales, remote sensing is the available 

technique that can provide data on chlorophyll-a (chl-

a) as an indicator of phytoplankton abundance [7]. 

Globally, West Asia is widely recognized as one of the 

most affected parts by airborne dust. Taking a closer 

look, we can designate Khuzestan as one of the dust 

hotspots. Khuzestan is an Iranian province located in 

the southwest of the country, bordering Iraq and the 

Persian Gulf. Dust storms have become a major 

environmental concern in this oil- and gas-rich 

province during the last decades [8]. Zarasvandi et al. 

(2011) estimated a mean dust storm frequency of 47 

days per year, rising at a rate of two days per year [8]. 

They also pointed out that the major dust sources 

affecting Khuzestan are dry lakebeds, alluvial deposits, 

and deserts in neighboring countries to the west. In 

particular, the Mesopotamian marshes are suffering 

rapid land degradation, caused by natural and human-

induced factors, and might vanish soon in the future, 

thus expanding the source area [9]. On the other hand, 

local dust sources are also important. They are 

associated with a desert climate and poor, often salty, 

river flows that leave bare soils exposed to erosion. 9 

percent of Khuzestan plain, equivalent to 349254 

hectares, are dust-generating sources [10]. Based on 

land use type and area, the identified zones include 

destroyed range, rainfed agriculture lands, bare lands, 

wetlands, dried ponds, and irrigated agriculture lands, 

respectively. 

An episode that occurred in February 2018 is described 

to illustrate the severity of dust storms in the Khuzestan 

Province of Iran. On the morning of Sunday, February 

18, 2018, frontal-type dust was activated in Kuwait and 

Iraq, affecting the Khuzestan province of Iran. 

The concentration of dust in Abadan and 

Khorramshahr was about 66 times beyond the 

permitted limit, and the horizontal visibility in these 

cities decreased to about 100 meters, which resulted in 

the cancellation of 2 flights of the Abadan International 

Airport on February 18, 2018. The schools of the 

Mahshahr, Shadegan, Abadan, and Khorramshahr 

cities were closed down due to the occurrence of dust 

phenomena in the afternoon. on addition, the storm at a 

speed of 50 km/h on the Sunday morning (February 18, 

2018), caused local rising dust in some parts of the 

province, including Ahvaz, Abadan, Omidieh, and 

Izeh, while horizontal visibility in Ahwaz reduced to 

500 m (Islamic Republic News Agency). On Feb.19th, 

2018, the recorded dust concentrations of this dust 

event reported by more than 983 ug/m3, leading to the 

closing of all schools of 11 cities of Khuzestan (ISNA 

News Agency). 

In this study, dust storm event analysis in Khuzestan 

province along with the long-term average chlorophyll 

concentration between 2003 and 2020 in the Oman Sea 

and the Persian Gulf has been investigated. Also, the 

relationship between chlorophyll concentration, Sea 

Surface Temperature (SST), and Aerosol Optical 

Depth (AOD) has been studied. Where after, 

examining a sand and dust event on February 19, 2018, 

the behavior of chlorophyll by changing SST and AOD 

is investigated. The most important innovation of the 

research is to consider the time delay in the correlation 

between chlorophyll concentration with SST and AOD 

in the long term. The relationship between this 

correlation and water depth in different parts of the 

Oman Sea as well as the Persian Gulf has also been 

interpreted. Additionally, the study of the effect of a 

large dust event in the region on changes in chlorophyll 

concentration, SST, and AOD at the time of occurrence 

and the following days is another innovation of this 

study. 

2. Data and methodology 
The data studied in this research were extracted from 

the GIOVANNI site. The daily average data (8 days) 

including Sea Surface Temperature (SST), Aerosol 

Optical Depth (AOD), and chlorophyll concentration 

from the MODIS instrument on board of AQUA 

satellite for the period of 2003-2020 has been extracted. 

Moreover, the MODIS instrument images from the 

Worldview site, daily images of chlorophyll 

concentration, AOD, and SST for the period February 

17 to February 22 have been obtained. 

First of all, by considering the long-term average of the 

target quantities over the period of 2003 to 2020, trend 

in long-time changes as well as the correlation patterns 

between these quantities was analyzed. Afterward, by 

investigating a sand and dust event on February 19, 

2018, the behavior of chlorophyll by changing SST and 

AOD is investigated. 

 

3. Area of Study 
In this paper, the water bodies of the Persian Gulf, the 

Sea of Oman, and Khuzestan province were studied 

and presented in Figure 1. 
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Figure 1. Study area 

4. Results and Discussion 
4.1. Climatic analysis of the study area 

Figure 2 shows the long-term average pattern of 

meteorological quantities near the ground, including 

average sea level pressure, 2-meter altitude 

temperature, sea surface temperature, and wind in the 

period 2003-2020 is presented separately for the study 

area. In the spring, low-pressure thermal centers 

gradually form in the southeastern regions of Iran and 

the high-pressure center in the highlands of 

Afghanistan, which corresponds to the maximum and 

minimum temperature centers in these areas. The low 

heat pressure tongues are drawn to the central regions 

of Iran, which are accompanied by ridges in the Zagros 

highlands. Therefore, pressure gradients are created in 

the west of Afghanistan and cause north winds in these 

areas. In the northern and western parts of the Persian 

Gulf, no significant compressive changes are observed 

in spring and relatively calm winds prevail. In addition, 

the sea surface temperature is lower than in its southern 

and eastern regions. The surface water temperature in 

the Oman Sea is higher than in the Persian Gulf. 

Southwest and west winds are forming on the Oman 

Sea at the beginning of the monsoon season. In 

summer, with increasing temperature, low-pressure 

thermal centers are formed in ’s southern and 

southeastern regions. Simultaneously with that, the 

high-pressure center on the mountains of Afghanistan 

is strengthened and with the strengthening of pressure 

gradients in the border area of Iran and Afghanistan, 

strong north winds prevail, which, by activating dust 

springs in these areas, transfer significant amounts of 

dust to the south. The heat low-pressure tongues extend 

from the south of Iran to the southwest and west of Iran 

and enter Iraq, forming relatively strong gradient 

pressure patterns. As a result, the northwest winds are 

strengthened and, in these areas, it also strengthens the 

dust springs, which results in the transfer of dust to the 

Persian Gulf, especially in its northern and western 

parts. The Sea Surface Temperature (SST) in the 

Persian Gulf is higher than in the Oman Sea due to the 

faster response of water temperature in shallow areas 

than in deeper areas, which is due to the specific heat 

capacity of water. Strong southwesterly winds due to 

the Indian monsoon prevail in the Oman Sea. In 

autumn, with the decrease in temperature, the average 

values of sea-level increase in most areas, which 

weakens the gradient pressure patterns and, 

consequently, weakens the strong winds. Also, with the 

monsoon retreat of India, the currents prevailing in the 

Oman Sea are weakened and the western orbital winds 

prevail in this region. The formation of atmospheric 

fronts can be accompanied by strong winds and cause 

the transfer of dust from susceptible springs in Saudi 

Arabia and the UAE and the dust is transferred from 

the southern shores of the Persian Gulf to it. SST in this 

season in the northern and western parts of the Persian 

Gulf has decreased more than in other marine areas, 

which as mentioned is due to the shallower depth of the 

Persian Gulf than the Oman Sea, due to the heat 

capacity of water, it has a faster response to lower air 

temperature than deeper areas. 
(b) (a) 

  
(d) (c) 

  

 

Figure 2. Long-term average pattern of mean sea level 

pressure (colored contours),2m Temperature and sea surface 

temperature (shaded regions), and wind at 10m height during 

a) Spring, b) Summer, c) Autumn and d) Winter (2003-2020) 

Figure 3 presents the seasonal model of the long-term 

average of meteorological quantities including 

geopotential height, temperature, and wind speed for 

the period 2003-2020 in the study area and at a pressure 

level of 850 hPa. As can be seen, in the spring in the 

southwestern regions of Afghanistan, a low-lying 
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center was established, which is accompanied by the 

penetration of a ridge from the northeast of Iran on the 

border between Iran and Afghanistan. This causes a 

gradient pressure pattern and the formation of north 

winds in these areas and strengthens the earth's surface 

patterns. In addition, low-geopotential height centers 

are observed in the southern regions of Iran due to 

higher temperatures, while in the higher and colder 

regions, high-geopotential height centers are located. In 

summer, with the rise in temperature on land resulting 

from the movement of the tropical convergence belt, 

the formation of low-lying centers in the southern half 

of Iran, western Afghanistan, and the Saudi desert is 

observable. Also, a geopotential trough has been 

stretched to the southwest and west of Iran. These 

patterns enhance the gradient pressure patterns and thus 

increase the intensity of the winds, which is in harmony 

with the earth's surface and can activate the dust 

sources and facilitate the process of emission and 

transfer of dust. With the beginning of the decreasing 

trend of temperature in autumn, low-geopotential 

height centers have weakened, which results in the 

weakening of gradient pressure and strong winds. This 

pattern continues in winter and with the cold weather 

from the northern latitudes and the relatively calm 

atmosphere (on average) in most areas, emissions and 

dust transfer also decrease. 

(b) (a) 

  
(d) (c) 

  

 

Figure 3. Long-term average pattern of geopotential height 

(black contours), temperature (shaded regions,) and wind at 

850 hPa during a) Spring, b) Summer, c) Autumn and d) 

Winter (2003-2020). 

4.2. Khuzestan province dust event analysis 

Figure 4 shows the true color of the Terra satellite and 

dust RGB of the MSG on February 19, 2018. Because 

of the cloudiness in the western and northwestern 

regions of Iran as well as the center of Iraq since this 

dust event is considered a frontal dust formation type, 

the extent of the dust mass is not well recognizable, 

while significant dust concentration in Khuzestan 

province is observable.  

(a)                 

 
(b)                

 

Figure 4. a) The true color of the Terra satellite and b) the 

dust RGB of the MSG on February 19, 2018. 

The Aerosol Optical Depth (AOD) product of the 

MODIS generated by the combination of dark target 

and deep blue algorithms is shown in Figure 5. Due to 

the cloud masses in large parts of the region, AOD is 

not composed homogenously, but the maximum AOD 

is seen in Kuwait, northeastern Saudi Arabia, the 

Persian Gulf, and Khuzestan province in southwestern 

Iran. 

  
February 19, 2018 February 18, 2018 

Figure 5. The aerosol optical depth (AOD) product of the 

MODIS that generated by the combination of dark target and 

deep blue algorithms for February 18-19, 2018. 
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The horizontal visibility values of the Meteorological 

Aerodrome Report (METARs) of Ahwaz city were 

shown in Figure 6. Horizontal visibility decreased 

around 09 UTC on February 18 but constantly 

increased until the first hours of February 19th. 

Afterward horizontal visibility was reduced to reach its 

lowest level on February 19th, 2018. Again, mid-

February 20th, the horizontal visibility shows gradual 

improvement. 

 

Figure 6. The horizontal visibility values of the 

METeorological Aerodrome Report (METARs) of Ahwaz city 

for February 18-19, 2018. 

To better evaluate the output of the model, the values 

of the PM10 concentration output of the model are 

shown in Figure 7 with the PM10 concentration data of 

the air pollution monitoring station in Ahvaz. The 

maximum observed PM10 concentration is 983 ug/m3 

on 17 UTC of the 19th. Feb.2018. The comparison 

demonstrates that the model overestimated the amounts 

of PM concentration from 12-24 UTC on the day 

Feb.18th. and 20th.  

 

Figure 7. The values of PM10 concentration output of the 

model and the PM10 concentration data of the air pollution 

monitoring station in Ahwaz for February 18-20, 2018 

4.3. Examining the trend of the long-term average 

In this section, the trend of long-term monthly and 

seasonal changes in SST, AOD, and chlorophyll 

concentrations for the two regions of the Oman Sea and 

the Persian Gulf have been studied simultaneously. The 

graph of the average seasonal changes of the target 

quantities for 2003 to 2020 in the Oman Sea is 

presented in Figure 8. As can be seen, in the Oman Sea 

region, changes in SST and AOD have a similar trend; 

While changes in chlorophyll concentration were 

reversed. The highest values of chlorophyll 

concentration were measured in winter and the lowest 

in summer. however, the highest/lowest values of SST 

and AOD were observed in summer/winter 

respectively. This study has also been done for the 

Persian Gulf region, the results of which were 

presented below (Figure 8). The trend of seasonal 

changes in SST and AOD is to some extent similar, 

with the highest SST and AOD values in summer and 

the lowest in winter. In summer, due to the synoptic 

patterns, conditions were created for the occurrence of 

sand and dust events in Iraq and the western half of 

Iran, and due to the flow of northwesterly winds, 

significant amounts of sand and dust break in to the 

Persian Gulf. The trend of changes in chlorophyll 

concentration was observed in contrast to SST and 

AOD and its highest/lowest amount occurred in 

winter/summer respectively 

 

Figure 8. Trend of changes in the long-term average (2003-

2020) of the seasonal quantities of AOD, SST, and chlorophyll 

concentrations in the Oman Sea region. 

By examining the trend of monthly changes in the 

target’s quantities in Figure 9, we found that, the 

highest values of chlorophyll concentration in the 

Oman Sea occur in March and February, which is 

associated with the lowest values of SST. while, the 

lowest values of were found in July, which is in line 

with the highest SST. The highest value of AOD 

quantity also occured in July, which coincides with the 

activity of monsoon flows, which can increase dust 

events in the southeastern parts of Iran and west of 

Pakistan and also cause the transfer of sand and dust to 

the Oman Sea. The pattern of the trend of long-term 

monthly changes in the quantities in question for the 

Persian Gulf is also presented in Figure 9. As the figure 

clearly shows, the highest SST values were obtained in 

July, August, and September, by more than 30 degrees 

Celsius. The highest AOD values were also observed 
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in May and July. during July, due to the formation of 

western currents from Iraq, dust was directed to the 

western half of Iran, and this caused AOD values in the 

Persian Gulf to decrease. The trend of changes in the 

long-term monthly average of chlorophyll 

concentration also showed that although the highest 

values were recorded in the cold months of the year 

from December to February, the lowest values were 

found in the warm months of the year from May to July. 

 

Figure 9. Trend of changes in the long-term average (2003-

2003) of the monthly AOD, SST, and chlorophyll 

concentrations in the Oman Sea region 

4.3. Calculating the correlation coefficient between 

SST, AOD, and chlorophyll concentration 

In the continuation of this study, the correlation 

coefficient between the studied quantities has been 

calculated. As observed in the previous section, the 

trend of changes in SST, AOD, and chlorophyll 

concentration fluctuates seasonally and it seems that 

changes in temperature and salinity in seawater can 

affect the change in chlorophyll concentration. The 

scatter plot and correlation pattern between AOD and 

chlorophyll concentration as well as SST and 

chlorophyll concentration for the Northwest, North, 

and south of Persian Gulf and also Oman Sea is shown 

separately in Figure 10 (a to h). The correlation is not 

statistically significant, except in coastal areas where 

there is a relatively good correlation between the 

quantities. The highest level of correlation was 

observed in the southern regions of the Persian Gulf 

(Fig. 10 e and f), which has less depth than other 

regions. In this region, chlorophyll concentration 

increases as the SST increases. Furthermore, 

according to scatter plots, chlorophyll 

concentrations increase with AOD rises in all 

regions. 
(a) 

 

(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

 
(g) 

 
(h) 

 

Figure 10. Scatter plot and Correlation pattern between a) 

chlorophyll concentration and SST and b) chlorophyll 

concentration and AOD in the study area. 

By studying the trend of long-term changes, it seems 

that there is a possibility of a correlation with a time 

delay between SST and AOD and chlorophyll 

concentration. In the continuation of this study, the 

relationship between chlorophyll concentration and 

changes in AOD and SST during the occurrence of a 

dust event is investigated. 
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(b) (a) 

  

Figure 11. True-color image of MODIS-Terra for February a) 

19 and b) 20, 2018. 

According to Figure 11, on February 18-20, 2018, there 

was a severe pressure gradient in the central and 

southern parts of Iraq due to the the presence of a low 

system in the west and northwest of Iraq accompanied 

by the penetration of a ridge from the south and 

southwest of Iran to the western borders of country. So, 

the northwesterly strengthen in this area, which causes 

to activate the dust sources. This weather pattern 

caused large amounts of dust to be emitted to the 

southwestern Iran and the Persian Gulf from February 

18 to 20. 

The study of changes in the pattern of chlorophyll 

concentration, SST, and AOD, which are presented in 

Figure 12 to Figure 14, also demonstrates that, with the 

onset of dust storms, the amount of AOD gradually 

increased and from February 21, a decreasing trend of 

AOD in the Persian Gulf was occurred; However, 

owing to the increase in clouds on this day, the satellite 

image was not well visible. The pattern of sea surface 

temperature showed that at the same time with the 

occurrence of dust, especially on February 19 and 20, 

the temperature has decreased because of the reduction 

of radiation entering the water surface due to the 

presence of dust particles. After that, the temperature 

gradually increased with the end of the dust event on 

February 22. Additionally, the pattern of changes in 

chlorophyll concentration revealed that the chlorophyll 

concentration increased from February 18 and reached 

its maximum on February 19, then decreased after the 

end of the dust event. 

 

(b) (a) 

  
(d) (c) 

  
  

 
(f) 

 
(e) 

  

 

Figure 12. AOD change pattern of Aqua satellite MODIS 

instrument product (product of DB and DT algorithm) for 

February a)17, b) 18, c) 19, d) 20, e)21 and f) 22, 2018 at 00:00 

UTC. 

(b) (a) 

  
(d) (c) 

  
(f) (e) 

  

 

Figure 13. SST change pattern of Aqua satellite MODIS 

instrument product for February a)17, b) 18, c) 19, d) 20, e)21 

and f) 22, 2018 at 00:00 UTC. 
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(b) (a) 

  
(d) (c) 

  
(f) (e) 

  

 

Figure 14. Chlorophyll concentration of the Aqua satellite 

MODIS instrument product for February a)17, b) 18, c) 19, 

d)20, e)21, and f) 22, 2018 at 00:00 UTC 

5. Conclusions  
In this study, the long-term average chlorophyll 

concentration and its relationship with changes in sea 

surface temperature and optical depth of aerosols, 

along with their spatial distribution over the Oman Sea 

and the Persian Gulf using daily average data (8 days) 

including SST, AOD, and chlorophyll concentration 

from MODIS instrument on board of the AQUA 

satellite were investigated monthly from 2003 to 2020. 

The results indicated that the seasonal changes in SST 

and AOD are somewhat similar; the highest/lowest 

SST and AOD values were found in summer/winter 

respectively. In summer, due to the synoptic patterns, 

conditions were created for the occurrence of dust 

events in Iraq and the western half of Iran, and due to 

the flow of northwesterly winds, significant amounts of 

dust enter the Persian Gulf. The trend of changes in 

chlorophyll concentration is observed in contrast to 

SST and AOD, and its highest amount occurred in 

winter and its lowest in summer. In the Oman Sea 

region, changes in sea surface temperature and optical 

depth of aerosols have a similar trend; While changes 

in chlorophyll concentration are reversed. The highest 

values of chlorophyll concentration were measured in 

winter and the lowest in summer. however, the highest 

values of SST and AOD were observed in summer, the 

lowest were found in winter. Meanwhile, the lowest 

values of chlorophyll concentration were seen in July, 

which was in line with the highest SST. The highest 

quantity of AOD also occurred in July, which coincides 

with the activity of monsoon flows, which can increase 

sand and dust events in the southeastern regions of Iran 

and west of Pakistan and cause the transfer of sand and 

dust to the Oman Sea. 

The trend of changes in SST, AOD, and chlorophyll 

concentration fluctuates seasonally and it seems that 

changes in temperature and salinity in seawater can 

affect the change in chlorophyll concentration. The 

correlation between AOD and chlorophyll 

concentration as well as SST and chlorophyll 

concentration for the Persian Gulf and the Sea of Oman 

was statistically relatively good in the coastal areas 

between the quantities. The highest level of correlation 

was observed in the southern regions of the Persian 

Gulf, which has less depth than other regions. By 

studying the trend of long-term changes, it seems that 

there is a possibility of a correlation with a time delay 

between SST and AOD and chlorophyll concentration, 

which is well shown in the case study of dust 

occurrence in the cold season of the year in February 

19, 2018. 
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From one point of view; we can divide atmosphere into two mediums.   

Barotropic medium, that in this medium, density doesn’t change in horizontal 

direction and isobaric surfaces are parallel to each other in vertical direction.   

This medium can be motionless, but if in this medium, motion would be taken 

place, geostrophic wind doesn’t change with respect to height. 

On the other hand, the baroclinic medium has horizontal gradient of density, 

and causes various horizontal gradient of pressure with respect to height and 

implies various horizontal velocity at different levels of the atmosphere. 

Therefore; geostrophic wind varies with respect to height in this medium. 

The horizontal gradient of density not only would produce by horizontal 

gradient of temperature, but also by horizontal gradient of humidity or 

combination of both. If horizontal gradient of density would be by both 

horizontal gradient of temperature and horizontal gradient of humidity – as in 

natural air, not in dry air – in the case; we name vectorial difference of 

geostrophic wind with respect to height; dense wind. 

The purpose of this paper is introduction of three versions of dense wind in 

natural medium of air, not dry air. Basic axis of first version of dense wind is 

founded by density, second by virtual temperature and third one by thickness of 

atmospheric layer. Formulae related to each version is derived and every one of 

them, represents effects of one type of variation of geostrophic wind with 

respect to height. First version exhibits advection of light or dense air, second 

represents virtual temperature advection and third one demonstrates advection 

of thickness in atmospheric layer. Dense wind is powerful tool for consistency 

of wind field.  Therefore, because air is not dry, the variation of the geostrophic 

wind with respect to height should be describe with better tool, namely dense 

wind. 

Keywords: 

Barotropic medium 

Horizontal variation of density 

Baroclinic medium 

Thermal wind 

Dense wind 

 

1. Introduction 
Variation of wind with respect to height has been 

investigated many times and, in this field, 

observational studies as well as researches have been 

done since the beginning of the last century. There are 

various profits for research on variation of the wind 

with respect to height. In the first place, it is used for 

detection of advection of light or dense air, and in the 

second place, it helps to detect of the thunder storm’s 

type. The reason for second profit is related to the fact 

that second critical factor in determination of the type 

and the potential of intensity of thunder storm, is 

variation of wind with respect to height. However, for 

this matter of fact, some meteorologists focused their 

studies on planetary boundary layer, whereas others 

worked on troposphere as whole. 

Regarding to first matter; observations of Charnock     

et al. [1] of trade wind, had been done at Anegada 

Island ( 15°N. 64°W ). This island, idiomatically, is 

isolated point of the earth that surrounded by ocean. 

Charnock and his colleagues’ observations include 466 

double soundings with balloon using theodolite in 

fifteen separate days during 27 days’ observations at 

boundary layer. The important results in cases of 

Anegada’s studies are as follows: 

A: At the first 1350-meter (height) wind has 24 degrees 

veering; 

B: Acceleration terms in comparison with Coriolis, 

pressure gradient force and friction terms; are 

ignorable; 

mailto:zamanianmohammadtaghi@gmail.com
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C: They realized that observational wind at upwind 

coast is almost representative of wind over ocean 

considering perturbing effect of the Island. 

Carlstead [2], tried to apply geostrophic wind’s vertical 

profile in numerical model to cloudiness forecasting 

and determination of rainy area.   Following Charnock 

et al. [1], variation of wind has been researched by 

Estoque [3] during study of planetary boundary layer at 

Christmas Island. 

Moreover, one result of variation of geostrophic wind 

with respect to height, entitled Thermal wind, 

investigated widely, in baroclinic medium by Foster 

and Levy [4]. They studied variation of speed of 

geostrophic wind with respect to height for the reason 

of horizontal gradient of temperature and friction. Also, 

in their work, the ratio of geostrophic wind’s speed has 

been investigated at two special levels. 

Sometime, research on variation of wind with respect 

to height, is a tool for study of Temperature or humidity 

fluxes. And sometimes; it is an implement for search of 

momentum transfer. For the reason of the fact that 

atmospheric system or oceanic system are systems that, 

all their parameters are related to each other; therefore, 

investigation of variation of wind with respect to 

height, is usable for many purposes and applications 

undoubtedly. 

All researchers those have been worked on variation of 

geostrophic wind with respect to height, had two 

common ideas. They have been called difference 

between two geostrophic wind vectors at two pressure 

levels; the thermal wind as the first idea.    Also, they 

have been assumed the atmosphere as dry air, as a 

second idea. 

Especially, this subject with same hypothesizes, has 

been used in dynamic meteorology’s text books, that is 

to say, in introducing of thermal wind, they assumed 

atmosphere is dry and derived formulae related to the 

subject in this case; although this assumption used for 

simplicity of the work. For instance, the subject is 

written in Hess’s text book [5], Gill’s text book [6], 

Dutton’s text book [7], Holton and Hakim’s text book 

[8] and in other dynamic meteorology text books. In 

addition; thermal wind has an entrée in Glossary of 

Meteorology [9] with same descriptions. 

The purpose of this paper is introducing of three 

versions of dense wind in natural medium of air that 

includes humidity, not dry air by mathematical 

approach.  

In natural medium of air; variation of geostrophic wind 

with respect to height will be occurred, whenever, the 

field would be baroclinic medium and it is clear that the 

reason of baroclinity is “the existence of horizontal 

gradient of density.” For atmosphere; the horizontal 

gradient of density is related to the horizontal gradient 

of temperature as well as the horizontal gradient of 

                                                                        

1 In this paper; whenever we refer to “pressure coordinates 

system” our purpose is “Cartesian coordinates system with 

humidity or in general; both of them. In troposphere, 

especially in planetary boundary layer – that can be 

extended until three thousand meter above the oceans’ 

surface – there is the horizontal gradient of density 

because of existence of horizontal gradient of 

temperature, horizontal gradient of humidity or both of 

them; so, the field is baroclinic. Therefore; it is 

necessary that variation of geostrophic wind with 

respect to height would be study in real atmosphere 

carefully, i.e., atmosphere with humid air. Our aim in 

this paper is, looking to this subject in the condition of 

real atmosphere. 

However, a question that arises from the above-

mentioned introduction is; if we consider atmosphere 

as natural atmosphere including humidity; then how the 

looking to variation of the wind in vertical direction 

should be modify? In this paper, the variation of the 

geostrophic wind with respect to height will be 

considered in the natural atmosphere, not in dry air. 
 

2. Geostrophic Wind 

Geostrophic wind can be introduced by: 
 

𝕧𝑔 = 𝑓−1𝕜𝑝 × ∇𝑝Φ         (1) 

 

where in equation (1) 𝕧𝑔 is geostrophic wind vector, 𝑓 

is Coriolis parameter, 𝕜 is vertical unit vector in 

pressure coordinates system1, ∇ is operator for gradient, 

Φ is geopotential and subscript 𝑝 shows that        

equation (1) is written in pressure coordinates system.  

Equation (1) shows the magnitude of geostrophic wind 

is proportional to the horizontal gradient of 

geopotential and is parallel to equipotential lines on 

isobaric surface.[8] 

Writing eastward and northward components of 

geostrophic wind yields following equations: 
 

𝑢𝑔 =  − 
1

𝑓

∂Φ

𝜕𝑦
      (2-a) 

 

and 
 

𝑣𝑔 =   
1

𝑓

∂Φ

𝜕𝑥
      (2-b) 

    

where in (2-a) 𝑢𝑔 is eastward component of geostrophic 

wind or geostrophic current in ocean and in (2-b) 𝑣𝑔 is 

northward component of geostrophic wind or 

geostrophic current in ocean. 

By scale analysis of vertical component of momentum 

equation in midlatitudes and Cartesian coordinate 

system; we get hydrostatic approximation: 
 

−
1

𝜌

𝜕𝑝

𝜕𝑧
− 𝑔 ≅ 0          (3) 

 

In equation (3) 𝜌 is density, 𝑝 is pressure, 𝑔 is 

acceleration due to gravity and 𝑧 is vertical coordinate 

pressure as vertical coordinate”. Note this coordinates 

system is “Left-handed system”. 
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of Cartesian coordinates system. In practice, most of 

researchers use equation (3) as hydrostatic equation 

same below: 
 

𝑑𝑝

𝑑𝑧
= −𝜌𝑔          (4) 

 

Multiplying both sides of equation (4) by 𝑑𝑧 we get: 
 

𝑑𝑝 = −𝜌𝑔𝑑𝑧          (5) 
 

Consider a layer of air that its lower level has 𝑝1 

pressure and 𝑧1height; and its upper level has 𝑝2 

pressure and 𝑧2 height. By integrating equation (5) 

from lower level to upper level of the layer, we get: 
 

(𝑝1 − 𝑝2) = 𝜌̅𝑔(𝑧2 − 𝑧1)        (6) 
 

Where 𝜌̅ is average density of the layer and by means 

of neglecting variation of acceleration due to gravity 

for meteorological purposes. Noting that 𝑝2 < 𝑝1 and 

𝑧1 < 𝑧2; if we call (𝑝1 − 𝑝2) = 𝛿𝑝, the partial pressure 

of column of air in the layer; and (𝑧2 − 𝑧1) = 𝛿𝑧, the 

partial height or thickness of the layer; from equation 

(6) and these assumptions, we have: 
 

𝛿𝑝 = 𝜌̅𝑔𝛿𝑧          (7) 
 

Calculation of pressure in equation (7) shows height is 

function of pressure, density and acceleration due to 

gravity, same below: 
 

𝛿𝑧 =
𝛿𝑝

𝜌̅𝑔⁄           (8) 

 

By means of equation (8) whenever we pass on isobaric 

surface; increasing 𝜌̅ decreases 𝛿𝑧 and decreasing 𝜌̅ 

increases 𝛿𝑧. Therefore, for the reason of variation of 

temperature’s horizontal gradient or humidity’s 

horizontal gradient on isobaric surface; there is the 

horizontal gradient of height, because according to the 

equation of state for moist air – that will introduce 

afterwards – density is a function of pressure, 

temperature and humidity. 

The definition of geopotential in Cartesian coordinates 

system is [8]: 
 

Φ = 𝑔𝑧          (9) 
 

where Φ is geopotential. Geopotential is multiplication 

of height and acceleration due to gravity; therefore          

– in the case – geopotential varies in vertical direction 

because of variation of height, and geostrophic wind 

must have vertical shear in the presence of a horizontal 

density gradient, as can be shown easily from simple 

physical considerations based on hydrostatic 

equilibrium; then, geostrophic wind varies in vertical 

direction. Since the geostrophic wind [equation (1)] is 

proportional to the geopotential gradient on an isobaric 

surface. Therefore, a geostrophic wind directed along 

the positive 𝑦  axis that increases in magnitude with 

height, requires the slop of the isobaric surface along 

the 𝑥 axis for the reason of increasing height as well, as 

shown in Figure 1. According to the equation (8), 𝛿𝑧 – 

the thickness of isobaric layer – corresponds to 

variation of density. 
 

 
Figure 1. Relationship between vertical shear of the geostrophic 

wind and horizontal height gradients. (Note that 𝟎 < 𝜹𝒑) [8] 

 

3. Dense wind 

The characteristic of baroclinic field, is that wind 

changes with respect to height, because of existence of 

the horizontal gradient of density. In this field, the 

geostrophic wind varies with height as well, as we can 

see in Figure 1. 
 

3.1. Definition 

“Dense wind is vectorial difference of geostrophic wind 

vector at upper level and geostrophic wind vector at 

lower level” (of the atmospheric layer), that is: 
 

𝕧D ≡ 𝕧𝑔(𝑝2) − 𝕧𝑔(𝑝1)       (10) 

 

where in Equation (10) 𝕧D stands for dense wind 

vector, 𝕧𝑔 is geostrophic wind, and subscripts 𝑝1 and 

𝑝2 refer to pressure levels in the manner that level 𝑝2 

has more height than level 𝑝1 i.e., 𝑝2 < 𝑝1. 

According to definition (10); eastward and northward 

components of dense wind can be shown as following: 
 

𝑢D = 𝑢𝑔(𝑝2) − 𝑢𝑔(𝑝1)                (11-a) 

 

and 
 

𝑣D = 𝑣𝑔(𝑝2) − 𝑣𝑔(𝑝1)                (11-b) 

  

Typical layer of atmospheric system is shown in Figure 

2. 
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Figure 2. Typical layer of atmospheric system. 

 

Despite its name, dense wind, while a vector, is not a 

true wind. Instead, it is a geostrophic wind shear, 

representing the change of wind with respect to height, 

causing some advections. 

To derive dense wind equations, first consider the 

equation of state for humid air (common air) [10].   This 

equation has the form: 
 

𝑝 = 𝜌M(1 + 0.608𝑞)𝑅𝑑𝑇      (12) 
 

where, 𝑝, 𝜌M, 𝑞, 𝑅𝑑 and 𝑇 are air pressure, air density, 

specific humidity of air, gas constant for dry air and dry 

air temperature respectively. 

If we introduce virtual temperature with following 

equation: 
 

𝑇𝑣 = (1 + 0.608𝑞)𝑇       (13) 
 

where, 𝑇𝑣 is virtual temperature [11]; then the equation 

of the state for humid air can be written as: 
 

𝑝 = 𝜌M𝑅𝑑𝑇𝑣        (14) 
 

Where 𝑝 is pressure, 𝜌M is density of humid air, 𝑅𝑑 is 

gas constant for dry air and 𝑇𝑣 is virtual temperature. 

Now, if we differentiate equations (2-a) and (2-b) with 

respect to 𝑝 we get: 
 

𝜕𝑢𝑔

𝜕𝑝
= −

1

𝑓

𝜕

𝜕𝑝
(

𝜕Φ

𝜕𝑦
) = −

1

𝑓

𝜕

𝜕𝑦
(

𝜕Φ

𝜕𝑝
)             (15-a)  

 

and 
 

𝜕𝑣𝑔

𝜕𝑝
=

1

𝑓

𝜕

𝜕𝑝
(

𝜕Φ

𝜕𝑥
) =

1

𝑓

𝜕

𝜕𝑥
(

𝜕Φ

𝜕𝑝
)              (15-b) 

 

In pressure coordinates system, hydrostatic equation, 

applying for humid air and considering the equation of 

state; is [12]: 
 

𝜕Φ

𝜕𝑝
= −𝛼M = −

1

𝜌M
= −

𝑅𝑑𝑇𝑣

𝑝
                  (16) 

 

where 𝛼M is specific volume of humid air and 𝜌M  is its 

density. 

If we select equivalent of   
𝜕Φ

𝜕𝑝
  from equation (16) that 

is −
1

𝜌M
   and substitute in equations (15-a) and (15-b), 

we get: 
 

𝜕𝑢𝑔

𝜕𝑝
= −

1

𝑓

𝜕

𝜕𝑦
(

−1

𝜌M
)                (17-a) 

 

and 
 

𝜕𝑣𝑔

𝜕𝑝
=

1

𝑓

𝜕

𝜕𝑥
(

−1

𝜌M
)                          (17-b) 

 

or 
 

𝜕𝑢𝑔

𝜕𝑝
= −

1

𝑓(𝜌M)2

𝜕𝜌M

𝜕𝑦
                (18-a) 

 

and 
 

𝜕𝑣𝑔

𝜕𝑝
=

1

𝑓(𝜌M)2

𝜕𝜌M

𝜕𝑥
                    (18-b) 

 

which can be written as vector form: 
 

𝜕𝕧𝑔

𝜕𝑝
=

1

𝑓(𝜌M)2 𝕜𝑝 × ∇𝑝𝜌M            (19-D-I) 

 

we call the equation (19-D-I) as “First version of Dense 

wind equation.” 

By integration of equation (19-D-I) from lower level  

𝑝1 to upper level 𝑝2 (𝑝2 < 𝑝1) of the atmospheric 

layer; one can derive “First version of Dense wind 

vector”: 
 

𝕧𝑔(𝑝2) − 𝕧𝑔(𝑝1) ≡ 𝕧DI
=

1

𝑓
∫ (

1

(𝜌M)2 𝕜𝑝 × ∇𝑝𝜌M)
𝑝2

𝑝1
𝑑𝑝 

             (20-D-I) 
 

where in equation (20-D-I); 𝕧𝑔(𝑝2) is geostrophic wind 

vector at upper level of the atmospheric layer, 𝕧𝑔(𝑝1) is 

geostrophic wind vector at lower level of the 

atmospheric layer, 𝕧DI
 stands for first version of dense 

wind vector, 𝑓 is Coriolis parameter, 𝑝1 is atmospheric 

pressure at lower level of the atmospheric layer, 𝑝2 is 

atmospheric pressure at upper level of the atmospheric 

layer, 𝜌M stands for density of natural air, 𝕜𝑝 is vertical 

unit vector in pressure coordinates system and ∇𝑝 is 

gradient operator in pressure coordinates system. 

Eastward and northward components of first version of 

dense wind can be derived by integration of equations 

(18.a) and (18.b) – similar to deriving equation           

(20-D-I) – directly or one can determine the eastward 

and northward components of first version of dense 

wind from equation (20-D-I) directly: 
,  

𝑢DI
= −

1

𝑓
∫ (

1

(𝜌M)2

𝜕𝜌M

𝜕𝑦
)

𝑝2

𝑝1
𝑑𝑝        (21-D-I-a) 

 

and 
 

𝑣DI
=

1

𝑓
∫ (

1

(𝜌M)2

𝜕𝜌M

𝜕𝑥
)

𝑝2

𝑝1
𝑑𝑝        (21-D-I-b) 

 

where in equation (21-D-I-a) 𝑢DI
 is eastward 

component of dense wind and in equation (21-D-I-b) 

𝑣DI
 stands for northward component of dense wind, 

both of them from first version of dense wind. 
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From first version of dense wind vector or its 

components; one can find out that: 

A: If we go from pole to equator, dense wind becomes 

stronger2; 

B: If the atmospheric layer has more altitude; then 

dense wind becomes more powerful; 

C: If the horizontal gradient of density would be 

greater, dense wind becomes stronger, because dense 

wind is proportional to the horizontal gradient of 

density, and finally; 

D: If the pressure difference will be higher in the layer, 

dense wind becomes more powerful. 

In this manner, representative of first version of dense 

wind vector, i.e., equation (20-D-I) shows that: “dense 

wind blows parallel to Isopycnals, so that, light air is 

located at the left side of downwind.” (In the northern 

hemisphere) This fact is illustrated in Figures 3 and 4. 
 

 
Figure 3. Clockwise rotating of geostrophic wind with respect 

to height; (Veering) and dense air advection. 

 
 

 
Figure 4. Counterclockwise rotation of geostrophic wind with 

respect to height (Backing) and light air advection. 

 

In connection with Figure 3, clockwise turning of 

geostrophic wind with respect to height (veering) is 

associated with dense air advection by geostrophic 

                                                                        
2 Use of geostrophic wind in tropical regions must be with 

careful deliberation because geostrophic wind in these 

regions is magnified and especially on equator is 

meaningless.  
3 There are many procedures about averaging in 

meteorology. Every method for averaging particular 

parameter or term, is related to position, time and 

specifications of the medium. All meteorological or 

wind in the layer. In other words; veering of 

geostrophic wind with respect to height associated with 

cold or dry air in the layer.  

Conversely, as shown in Figure 4, counterclockwise 

turning of geostrophic wind with respect to height 

(backing) implies light air advection by geostrophic 

wind in the layer. In other words; backing of 

geostrophic wind with respect to height associated with 

advection of warm or moist air in the layer. 

Therefore, it is possible to obtain a reasonable estimate 

of the horizontal light or dense air advection and its 

vertical dependence at a given location solely from data 

on the vertical profile of the wind given by a single 

sounding. Alternatively, the geostrophic wind at any 

level can be estimated from the advection of light or 

dense air field, provided that the geostrophic velocity 

is known at a single level. 

Thus, for example, if the geostrophic wind at 850 h Pa 

is known and the mean horizontal density gradient in 

the layer 850 – 500 h Pa is also known, the first version 

of thermal wind equation can be applied to obtain the 

geostrophic wind at 500 h Pa. 

Likewise, it is possible to introduce simpler forms of 

first version of dense wind vector and its components. 

Among of them there are: 
 

𝕧DI
=

1

𝑓
〈

1

(𝜌M)2
〉 ∫ (𝕜𝑝 × ∇𝑝𝜌M)

𝑝2

𝑝1
𝑑𝑝          (22-D-I) 

 

with eastward component: 
 

𝑢DI
= −

1

𝑓
〈

1

(𝜌M)2
〉 ∫

𝜕𝜌M

𝜕𝑦

𝑝2

𝑝1
𝑑𝑝       (23-D-I-a) 

 

and northward component: 
 

𝑣DI
=

1

𝑓
〈

1

(𝜌M)2
〉 ∫

𝜕𝜌M

𝜕𝑥

𝑝2

𝑝1
𝑑𝑝       (23-D-I-b) 

 

Here the angle brackets in equations (22-D-I),            

(23-D-I-a) and (23-D-I-b) denote a vertical average.3 

Even, one can introduces simpler form of first version 

of dense wind vector and its components same below: 
 

𝕧DI
=

1

𝑓
〈

1

(𝜌M)2
〉 〈𝕜𝑝 × ∇𝑝𝜌M〉(𝑝2 − 𝑝1)          (24-D-I) 

 

with eastward component: 
 

𝑢DI
= −

1

𝑓
〈

1

(𝜌M)2
〉 (

𝜕〈𝜌M〉

𝜕𝑦
)

𝑝
(𝑝2 − 𝑝1)            (25-D-I-a) 

 

and northward component: 
 

𝑣DI
=

1

𝑓
〈

1

(𝜌M)2
〉 (

𝜕〈𝜌M〉

𝜕𝑥
)

𝑝
(𝑝2 − 𝑝1).      (25-D-I-b) 

oceanographical parameters; decreases logarithmic or semi- 

logarithmic and increases exponentially or semi-

exponentially with respect to height or depth. Therefore, for 

every case, we need to use special manner for it. As a simple 

example, if we consider a layer of air between 500 and 300 

hectopascals, the easiest way is using linear averaging, i.e., 

adding the value of parameters or terms of above and below 

the layer and dividing the result by 2.         
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3.2. Second version of dense wind 

It can be shown that if we choose equivalent of 
𝜕Φ

𝜕𝑝
, 

−
𝑅𝑑𝑇𝑣

𝑝
, instead of −

1

𝜌M
 from equation (16) and 

substitute in equations (15-a) and (15-b); then 

differentiate these equations with respect to 𝑝, one can 

obtain another version of dense wind equation, dense 

wind vector and its components as following forms 

respectively: 
 

𝜕𝑢𝑔

𝜕𝑝
= −

1

𝑓

𝜕

𝜕𝑦
(−

𝑅𝑑𝑇𝑣

𝑝
)                (26-a) 

 

and 
 

𝜕𝑣𝑔

𝜕𝑝
=

1

𝑓

𝜕

𝜕𝑥
(−

𝑅𝑑𝑇𝑣

𝑝
)                          (26-b) 

 

or 
 

𝜕𝑢𝑔

𝜕 ln 𝑝
=

𝑅𝑑

𝑓

𝜕𝑇v

𝜕𝑦
                             (27-a) 

 

and 
 

𝜕𝑣𝑔

𝜕 ln 𝑝
= −

𝑅𝑑

𝑓

𝜕𝑇𝑣

𝜕𝑥
                    (27-b) 

 

Equations (27-a) and (27-b) can be written in the vector 

form in the following line: 
 

𝜕𝕧𝑔

𝜕 ln 𝑝
= −

𝑅𝑑

𝑓
(𝕜𝑝 × ∇𝑝𝑇𝑣)          (19-D-II) 

 

we call the equation (19-D-II) as “second version of 

Dense wind equation.”  

By integration of equation (19-D-II) from lower level  

𝑝1 to upper level 𝑝2 (𝑝2 < 𝑝1) of the atmospheric 

layer; one can derive “second version of Dense wind 

vector”: 
 

𝕧𝑔(𝑝2) − 𝕧𝑔(𝑝1) ≡ 𝕧DII
= −

𝑅𝑑

𝑓
∫ (𝕜𝑝 × ∇𝑝𝑇𝑣)𝑑 ln 𝑝

𝑝2

𝑝1
 

                   (20-D-II) 
 

where in equation (20-D-II); 𝕧𝑔(𝑝2) is geostrophic wind 

vector at the upper level of the atmospheric layer, 

𝕧𝑔(𝑝1) is geostrophic wind vector at the lower level of 

the atmospheric layer, 𝕧DII
 stands for second version of 

dense wind vector, 𝑓 is Coriolis parameter, 𝑝1 is 

atmospheric pressure at the lower level of the 

atmospheric layer, 𝑝2 is atmospheric pressure at the 

upper level of the atmospheric layer, 𝕜𝑝 is vertical unit 

vector in pressure coordinates system, ∇𝑝 is gradient 

operator in pressure coordinates system and 𝑇v stands 

for virtual temperature of natural air. 

Eastward and northward components of second version 

of dense wind in this point of view, can be derived by 

integration of equations (27.a) and (27.b) directly or 

decompose of second version of dense wind vector  

(20-D-II) presently: 
 

𝑢𝑔(𝑝2) − 𝑢𝑔(𝑝1) ≡ 𝑢DII
=

𝑅𝑑

𝑓
∫

𝜕𝑇v

𝜕𝑦

𝑝2

𝑝1
𝑑 ln 𝑝    (21-D-II-a) 

 

and 
 

𝑣𝑔(𝑝2) − 𝑣𝑔(𝑝1) ≡ 𝑣DII
= −

𝑅𝑑

𝑓
∫

𝜕𝑇v

𝜕𝑥

𝑝2

𝑝1
𝑑 ln 𝑝     

        (21-D-II-b) 
 

where in equation (21-D-II-a) 𝑢DII
 is eastward 

component of second version of dense wind and in 

equation (21-D-II-b) 𝑣DII
 stands for northward 

component of second version of dense wind. 

From second version of dense wind vector or its 

components; one can find out that: 

A: If we go from pole to equator, dense wind becomes 

stronger (with pay attention to footnote No. 2); 

B: If the horizontal gradient of virtual temperature 

would be greater, dense wind becomes stronger, 

because, dense wind is proportional to the horizontal 

gradient of virtual temperature, and finally; 

C: If the pressure difference will be higher in the layer, 

dense wind becomes more powerful. 

In this manner, representative of second version of 

dense wind vector, i.e., equation (20-D-II) shows that: 

“dense wind blows parallel to Isopleths of virtual 

temperature so that, greater virtual temperature is 

located at the right side of downwind.” (In the northern 

hemisphere) This is illustrated in Figures 5 and 6. 
 

 
Figure 5: Clockwise rotation of geostrophic wind with respect 

to height. (Veering) and warmer or moister air advection. 

 
 

 
Figure 6: Counterclockwise rotation of geostrophic wind with 

respect to height. (Backing) and colder or dryer air advection. 
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In connection with Figure 5; clockwise turning of 

geostrophic wind with respect to height (veering) is 

associated with warmer or moister air advection by 

geostrophic wind in the layer. Conversely, as shown in 

Figure 6; counterclockwise turning of geostrophic wind 

with respect to height (backing) implies colder or dryer 

air advection by geostrophic wind in the layer. 

In a similar way, it is possible to introduce simpler 

forms of second version of dense wind vector and its 

components in the following lines: 
 

𝕧DII
= −

𝑅𝑑

𝑓
〈𝕜𝑝 × ∇𝑝𝑇𝑣〉 ln (

𝑝2

𝑝1
)          (22-D-II) 

 
 

𝑢DII
=

𝑅𝑑

𝑓

𝜕〈𝑇𝑣〉

𝜕𝑦
ln (

𝑝2

𝑝1
)        (25-D-II-a) 

 
 

𝑣DII
= −

𝑅𝑑

𝑓

𝜕〈𝑇𝑣〉

𝜕𝑥
ln (

𝑝2

𝑝1
)       (25-D-II-b) 

 

In equations (22-D-II), (25-D-II-a) and (25-D-II-b); 

broken brackets refer to average value of term or 

parameter in the atmospheric layer. 

Therefore, it is possible to obtain a reasonable estimate 

of the horizontal mean virtual temperature advection 

and its vertical dependence at a given location solely 

from data on the vertical profile of the wind given by a 

single sounding. Alternatively, the geostrophic wind at 

any level can be estimated from the advection of mean 

virtual temperature field, provided that the geostrophic 

velocity is known at a single level. Thus, for example, 

if the geostrophic wind at 850 hectopascals level is 

known and the mean horizontal virtual temperature 

gradient in the layer of 850–500 hectopascals is also 

known, the second dense wind equation can be applied 

to obtain the geostrophic wind at 500 hectopascals. 
 

3.3. Third version of dense wind 

Furthermore; there is another version of dense wind. 

This version of dense wind is originated form the 

thickness of the atmospheric layer. 

Consider hydrostatic equation in Cartesian coordinates 

system: 
 

𝑑𝑝

𝑑𝑧
= −𝜌𝑔          (4) 

 

Parameters in equation (4) have been introduced after 

equation (3). By considering equation (9); equation (4) 

can be written: 
 

−
𝑑𝑝

𝜌
= 𝑔𝑑𝑧 = 𝑑Φ       (28) 

 

where  𝑑Φ is differential part of geopotential. 

Atmosphere has humidity, therefore; equation (28) for 

moist air can be written as: 
 

𝑑Φ = −
𝑑𝑝

𝜌M
        (29) 

 

where 𝜌M stands for density of (natural) air. 

Consider equation of state for moist air [equation (14)], 

computation of density of moist air from equation (14) 

yields: 
 

𝜌M =
𝑝

𝑅𝑑𝑇𝑣
        (30) 

 

If we substitute equivalent of 𝜌M from equation (30) 

into equation (29), yields: 
 

𝑑Φ = −𝑅𝑑𝑇𝑣
𝑑𝑝

𝑝
= −𝑅𝑑𝑇𝑣𝑑 ln 𝑝     (31) 

 

Getting approximate increasing parts of equation (31), 

yields: 
 

𝛿Φ = −𝑅𝑑𝑇𝑣  𝛿 ln 𝑝       (32) 
 

If we integrate equation (31) with respect to vertical 

coordinate; from the below of atmospheric layer with 

pressure 𝑝1 and geopotential Φ1to the upper layer of it 

with pressure 𝑝2 and geopotential Φ2 as Figure 2 

shows; we get: 
 

∫ 𝑑Φ
𝑝2

𝑝1
= −𝑅𝑑 ∫ 𝑇𝑣𝑑 ln 𝑝

𝑝2

𝑝1
      (33) 

 

After calculating equation (33), we have: 
 

𝛿Φ ≡ (Φ2 − Φ1) = 𝑅𝑑 ∫ 𝑇𝑣  𝑑 ln 𝑝
𝑝1

𝑝2
     (34) 

 

where 𝛿𝛷 is the thickness of the layer by geopotential 

and equation (34) shows that the thickness of the 

atmospheric layer is proportional to vertical average of 

virtual temperature when we consider an atmospheric 

layer. Therefore, we call it “The thickness equation”. 

Consider equations (15-a) and (15-b): 
 

𝜕𝑢𝑔

𝜕𝑝
= −

1

𝑓

𝜕

𝜕𝑦
(

𝜕Φ

𝜕𝑝
)                           (15-a)  

 

and 
 

𝜕𝑣𝑔

𝜕𝑝
=

1

𝑓

𝜕

𝜕𝑥
(

𝜕Φ

𝜕𝑝
)                            (15-b) 

 

And, equations (15-a) and (15-b) can be written in the 

vector form as bellow: 
 

𝜕𝕧𝑔

𝜕𝑝
=

1

𝑓
𝕜𝑝 × ∇𝑝 (

𝜕Φ

𝜕𝑝
)         (19-D-III) 

 

Equation (19-D-III) is called “third version of dense 

wind equation.” 

By vertical integrating of equation (19-D-III) from the 

below level of the atmospheric layer with pressure 𝑝1 

and geopotential Φ1 to the upper level of this 

atmospheric layer with pressure 𝑝2 and geopotential 

Φ2; we get: 
 

𝕧𝑔(𝑝2) − 𝕧𝑔(𝑝1) ≡ 𝕧DIII
=

1

𝑓
∫ [𝕜𝑝 × ∇𝑝 (

𝜕Φ

𝜕𝑝
)] 𝑑𝑝

𝑝2

𝑝1
  

                    (35) 
 

Therefore, the “third version of dense wind vector” is: 
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𝕧DIII
=

1

𝑓
𝕜𝑝 × ∇𝑝(Φ2 − Φ1)        (20-D-III) 

 

The third version of dense wind shows dense wind is 

proportional to thickness gradient of the atmospheric 

layer.  

Now, we can derive eastward and northward 

components of third version of dense wind from 

equation (20-D-III) directly or integrating equations 

(15-a) and (15-b) with respect to vertical coordinate; 

from the below of atmospheric layer with pressure 𝑝1 

and geopotential Φ1 to the upper of atmospheric layer 

with pressure 𝑝2 and geopotential Φ2 as is shown in 

Figure 2; we get: 
 

∫
𝜕𝑢𝑔

𝜕𝑝
𝑑𝑝 = −

1

𝑓
∫

𝜕

𝜕𝑦
(

𝜕Φ

𝜕𝑝
) 𝑑p = −

1

𝑓

𝜕

𝜕𝑦

𝑝2

𝑝1

𝑝2

𝑝1
∫ 𝑑Φ

𝑝2

𝑝1
  

                 (36-a) 
 

and 
 

∫
𝜕𝑣𝑔

𝜕𝑝
𝑑𝑝 =

1

𝑓
∫

𝜕

𝜕𝑥
(

𝜕Φ

𝜕𝑝
) 𝑑𝑝

𝑝2

𝑝1
=

1

𝑓

𝜕

𝜕𝑥
∫ 𝑑Φ

𝑝2

𝑝1

𝑝2

𝑝1
     (36-b) 

 

Calculation’s results of above equations are as follows: 
 

𝑢𝑔(𝑝2) − 𝑢𝑔(𝑝1) ≡ 𝑢DIII
= −

1

𝑓

𝜕

𝜕𝑦
(Φ2 − Φ1)      

               (21-D-III-a) 
 

and 
 

𝑣𝑔(𝑝2) − 𝑣𝑔(𝑝1) ≡ 𝑣DIII
=

1

𝑓

𝜕

𝜕𝑥
(Φ2 − Φ1) (21-D-III-b) 

 

From third version of dense wind vector or its 

components; one can find out that: 

A: If we go from pole to equator, dense wind becomes 

stronger (with pay attention to footnote No. 2); 

B: If the horizontal gradient of the thickness of 

atmospheric layer would be greater, dense wind 

becomes stronger, because, dense wind is proportional 

to the horizontal gradient of the thickness of the 

atmospheric layer, and finally; 

C: If the geopotential difference between lower level 

and upper level of the atmospheric layer will be higher, 

dense wind becomes more powerful. 

In this manner, representative of third version of dense 

wind vector, i.e., equation (20-D-III) shows that: 

“dense wind blows parallel to isolines of thickness of 

the atmospheric layer so that, more thickness of the 

layer is located at the right side of downwind.” (In the 

northern hemisphere) This is illustrated in Figures 7 

and 8. 
 

 
Figure 7: Clockwise rotation of geostrophic wind with respect 

to height. (Veering) and more thickness advection. 

 
 

 
Figure 8: Counterclockwise rotation of geostrophic wind with 

respect to height. (Backing) and less thickness advection. 

 

Therefore, it is possible to obtain a reasonable estimate 

of the horizontal more (or less) thickness advection of 

the atmospheric layer and its vertical dependence at a 

given location solely from data on the vertical profile 

of the wind given by a single sounding. Alternatively, 

the geostrophic wind at any level can be estimated from 

the advection of more (or less) thickness of the 

atmospheric layer, provided that the geostrophic 

velocity is known at a single level. Thus, for example, 

if the geostrophic wind at 700 hectopascals level is 

known and the more (or less) thickness advection in the 

layer 700–500 hectopascals is also known; the 

advection of more (or less) thickness, can be applied to 

third version of dense wind for obtain the geostrophic 

wind at 500 hectopascals level. 
 

4. Results and Discussion 
All versions of the dense wind equation are an 

extremely useful diagnostic tools, which is often used 

to check analyses of the observed wind field for 

consistency. 

It can also be used to estimate the mean horizontal 

dense air, virtual temperature and thickness advections 

in an atmospheric layer as shown in Figures 3, 4, 5, 6, 

7 and 8 respectively. 

Dense wind – as exist in the nature of atmosphere 

except somewhere that thermal wind or moist wind is 

true – is struggle of the atmosphere to return 
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thermodynamic equilibrium and complete the dynamic 

cycle of atmosphere. This movement begins from the 

fact that solar radiation disturbs the thermodynamic 

equilibrium resulting production of horizontal gradient 

of density. Horizontal gradient of density produces 

horizontal gradient of potential energy and in turn, this 

condition forces atmosphere to generate horizontal 

gradient of pressure and finally, it causes to blow wind 

for returning thermodynamic equilibrium of 

atmosphere. 

Concerning various insolation and non-uniform 

transfer of diffusion of heat and humidity in the 

different layers of the atmosphere; horizontal gradients 

of density are not same in the layers and wind velocities 

cannot be the same at atmospheric layers. Therefore, 

this phenomenon produces dense wind that is effort of 

atmosphere to adjust horizontal gradient of density and 

reducing dense wind speed. By continuous reduction of 

dense wind speed, thermodynamic disequilibrium of 

atmosphere weakens and weakens, until returning of 

thermodynamic equilibrium of the atmosphere. If we 

assume there will be no more solar radiation, finally the 

wind will be disappeared in presence of friction. 

So, dense wind is the key of understanding of dense or 

light air; virtual temperature or thickness of the 

atmospheric layer advections and one of the 

mechanisms of returning thermodynamic equilibrium 

of atmosphere. 
 

5. Conclusions 
Looking at the variation of the geostrophic wind with 

respect to height, shouldn’t limit to dry atmosphere 

because the atmosphere has humidity and not dry and 

strictly in general, the air is not dry. Therefore, the 

variation of the geostrophic wind with respect to height 

should be describe with better tool, namely dense wind. 

It is necessary to note two basic points.   First; until God 

wills and sun radiates; atmospheric and oceanic 

mediums are baroclinic. And the theory of barotropic 

medium – same as geostrophic wind – is acceptable for 

simplification of meteorological and oceanic analyses. 

Second point is with regard to more affection of 

temperature in variation of air density; although in 

many places far from oceanic medium, the dense wind 

gains energy more from horizontal gradient of 

temperature rather than the horizontal gradient of 

humidity, but it is not sufficient reason to call the 

vectorial difference of the geostrophic wind at upper 

and lower level of the layer as thermal wind, because 

we cannot deny presence of humidity anywhere. 
 

List of Symbols 
Symbol Description 

𝑓 Coriolis parameter 

𝑔 Acceleration due to gravity 

𝕜𝑝 
Vertical unit vector in pressure coordinates 

system 

𝑝 
Pressure, vertical coordinate of pressure 

coordinates system 

𝑝0 Reference pressure 

𝑝1 Pressure of below level of layer 

𝑝2 Pressure of upper level of layer  

𝑞 Specific humidity 

𝑞1 Specific humidity of lower level of layer  

𝑞2 Specific humidity of upper level of layer 

𝑅𝑑 Gas constant for dry air 

𝑇 Temperature 

𝑇1 Temperature of below level of layer 

𝑇2 Temperature of upper level of layer 

𝑇𝑣 Virtual temperature 

𝑇𝑣0 Reference virtual temperature 

𝑢 Eastward component of velocity 

𝑢D Eastward component of dense wind 

𝑢DI
 

1st Ver. of, eastward component of dense 

wind 

𝑢DII
 

2nd Ver. of, eastward component of dense 

wind 

𝑢DIII
 

3rd Ver. of, eastward component of dense 

wind 

𝑢𝑔 Eastward component of geostrophic wind 

𝑣 Northward component of velocity 

𝑣D Northward component of dense wind 

𝑣DI
 

1st Ver. of Northward component of dense 

wind 

𝑣DII
 

2nd Ver. of Northward component of dense 

wind 

𝑣DIII
 

3rd Ver. of Northward component of dense 

wind 

𝑣𝑔 
Northward component of geostrophic 

wind  

𝕧D Dense wind vector 

𝕧DI
 1st Ver. of Dense wind vector 

𝕧DII
 2nd Ver. of Dense wind vector 

𝕧DIII
 3rd Ver. of Dense wind vector 

𝕧𝑔 Geostrophic wind vector 

𝑥 Eastward direction 

𝑥1 First distance 

𝑥2 Second distance  

𝑦 Northward direction 

𝑧 
Height, vertical coordinate of Cartesian 

coordinates system 

𝑧1 Height of below level of layer 

𝑧2 Height of upper level of layer 

𝛼M Specific volume of humid air 

𝛿𝑝 Increment of pressure 

𝛿 ln 𝑝 Increment of natural logarithm of pressure 

𝛿𝑇𝑣 Increment of virtual temperature 

𝛿𝑧 Increment of height 

𝛿𝑧1 Increment of height for first distance 

𝛿𝑧2 Increment of height for second distance 

𝛿𝜌 Increment of density 

𝛿𝛷 Increment of geopotential  
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𝜌 Density 

𝜌0 Reference density 

𝜌1 Density of lower level of layer  

𝜌2 Density of upper level of layer 

𝜌M Density of humid air 

𝜌̅ Average density 

Φ Geopotential 

Φ0 Reference geopotential 

Φ1 Geopotential of lower level of layer 

Φ2 Geopotential of upper level of layer 

ln … Natural logarithm 

∇𝑝 
Gradient operator in pressure coordinates 

system 

〈… 〉 Vertical average 
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Over the past two decades, several ocean color satellites have operated in 

parallel. The combination of different ocean color satellite sensor products is a 

vital task for studying the biogeochemistry of seas. In this study, we evaluated 

the temporal consistency of the monthly time-series and monthly interannual 

variations of satellite-derived chlorophyll-a concentrations (Chl-a) from four 

satellite sensors during 2002-2020 period over the Persian Gulf. Statistical 

correlation between Chl-a time series and anomalies from selected satellite 

sensors were significantly correlated for 84% area of the Persian Gulf. 

Correlations were reasonably sensitive to the choice of Chl-a retrieval and 

atmospheric correction algorithms. The standard algorithms for Chl-a retrieval 

showed the lowest value of correlations, and it was indicated that these 

algorithms were not suitable for Chl-a estimations from satellite sensors over 

the Persian Gulf. The OCI algorithm for Chl-a retrieval showed more 

consistency among different satellite sensors and it was shown that it is more 

suitable than previous ones for estimation of Chl-a from selected satellite 

sensors. Also, it was shown that the SeaDAS and POLYMER atmospheric 

correction algorithms have a great influence on the Chl-a estimations from 

selected satellite sensors. It was shown that more than 70% of the study area 

indicated imperfect consistency between selected atmospheric correction 

algorithms applied on different satellite sensors. Choosing the best atmospheric 

correction and Chl-a retrieval algorithms is the most important task in the 

estimation and utilization of Chl-a in the Persian Gulf. 

Keywords: 

Remote sensing 

Ocean color 

Atmospheric correction 

Coastal waters 

Correlation analysis 

 

 

1. Introduction 
Phytoplankton biomass is a crucial indicator of ocean 

biology, and it has been used to predict climate change 

and the state of the oceans [1–3]. Understanding of 

ocean biology and marine ecosystems, and as well as 

their interactions, would be achieved by knowledge of 

spatial and temporal variations of phytoplankton 

biomass [4–6]. Long-term and interannual variations 

phytoplankton biomass and primary productivity and 

of the marine ecosystem are economically important in 

fisheries and marine resource management [7,8]. The 

near-surface chlorophyll-a concentration derived from 

ocean color sensors (Chl-a) is the most valuable factor 

to study the phytoplankton biomass [9]. 

Various ocean color satellite sensors have produced 

useful long-term data collections over the ocean's 

surface layer for the past three decades [7,10,11]. 

Remote sensing of ocean color is expected to be the 

primary source of data for detecting long-term changes 

in phytoplankton biomass due to the spatial and 

temporal sampling capabilities of corresponding 

satellite data [12]. However, the lifespans recent 

satellites (5-10 years) are insufficient to analyze the 

response of phytoplankton biomass to climate change 

and the other long-term climatological and 

environmental indicators [13]. In this regard, 

combination of different satellite sensor datasets is an 

ideal approach to study the changes in phytoplankton 

biomass and the effect of climate and environmental 

factors on their variabilities [3,12]. During the past 

three decades, many ocean color satellites have been 

lunched to study the biological characteristics of the 

oceans and marine environments. Among them, Sea-

viewing Wide Field-of-view Sensor (SeaWiFS) (1997-

2010), Moderate Resolution Imaging Spectrometer 

(MODIS) (2002-present), Medium Resolution Imaging 

Spectrometer (MERIS) (2002-2012), and Visible 

Imager Radiometer (VIIRS) (2011-present) have been 

used extensively in biological oceanography. 
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Several researches have tried to evaluate the variability 

and seasonal cycles of Chl-a estimated from two or 

more ocean-color satellite sensors [14–16]. However, 

there are limited documents on the consistency of 

seasonal and interannual variations of Chl-a among 

SeaWiFS, MERIS, MODIS, and VIIRS in a long-

period (e.g. >10 years). Furthermore, the sensitivity of 

the different Chl-a retrieval algorithms and 

atmospheric-correction have not been considered in the 

assessment of multi merged ocean color satellite 

sensors applications. consequently, temporal 

consistency of correlation between Chl-a products 

from different satellite sensors remains a challenging 

issue. 

In this paper, we demonstrate the seasonal and 

interannual fluctuations in monthly Chl-a products for 

SeaWiFS, MERIS, MODIS, and VIIRS over the 

Persian Gulf using statistical methods. 
 

2. Data and Methods 
2.1. Study area 

Persian Gulf is a shallow marginal sea which connects 

to the Gulf of Oman through the Strait of Hormuz. 

Persian Gulf is dominantly shallow with average depth 

of 30 m and maximum depth of ~90 m [17]. The 

surrounding areas are hot and dry during March-

October, and precipitation rate is very low (<300 mm 

y-1) [18]. Persian Gulf is surrounded by deserts where 

are the source of frequent dust storms. The number of 

observed dust storms reach 15-20 per year and usually 

caused by winds blowing from Arabian Sea (Shamal 

wind) and north-east Africa [19]. Surface currents 

enters the Gulf from Strait of Hormuz and then reverse 

back along the southern coasts [20,21]. 

Many researchers have used ocean color data to study 

the spatial-temporal variations and dynamics of 

phytoplankton in the Persian Gulf [16,22–24]. 

Phytoplankton growth is highly influenced by dust 

deposition and fertilization in the Persian Gulf which 

leads to monstrous growth and generation of algal 

blooms [23,25,26]. Oceanographic and atmospheric 

factors are the main parameters that control the 

variability of Chl-a in this area. Consequently, the 

effect of these factors on optical properties of 

atmosphere and Chl-a retrieval algorithms increase the 

uncertainties in the satellite-derived Chl-a 

concentrations. To date, several studies aimed to 

evaluate the effect of atmosphere on Chl-a accuracy in 

the southern parts of the Persian Gulf [15,27]. 

However, the accuracy of Chl-a retrieval algorithms 

and also consistency of long-term Chl-a series from 

different satellite sensors have not been determined. To 

evaluate the effect of uncertainties on the Chl-a 

retrieval algorithms, we have to compare the available 

Chl-a products and determine how they are 

comparable, and how they are affected by atmospheric 

and retrieval algorithms. 
 

2.2. Satellite data 

The monthly level-3 Standard Mapped Imageries of 

SeaWiFS, MERIS, MODIS, and VIIRS Chl-a datasets 

with spatial resolution 4km×4km were downloaded 

from NASA ocean-color website 

(http://oceancolor.gsfc.nasa.gov/) for the time period 

2002-2020. The selected datasets have been processed 

using a conceptually similar atmospheric correction 

algorithm [3,28] and Chl-a retrieval algorithms 

[29,30]. The performed atmospheric correction is 

considered as a common framework that removes the 

bad data influenced by high sensor view angle, high 

solar-zenith angels, high aerosol loads, sun glint and 

stray-light contamination. The Chl-a retrieval 

algorithms estimate the chlorophyll-a concentrations 

using empirical blue-green reflectance band ratio, and 

tune the specific wavelengths of each sensor. We used 

monthly datasets because: (i) they are usually the 

smallest time frame during which the highest spatial 

coverage for a single sensor may be achieved (>80%) 

[31], (ii) the results of this study may be comparable 

with previous studies that use long-term analysis 

[9,32,33], (iii) unwanted satellite sensor noises are 

filtered in the monthly averaged time-series data, and 

(iv) it reduces the analysis computing time. 

In addition to the above standard Chl-a products, other 

Chla- datasets have been downloaded and processed 

during the same period and similar spatial properties 

from the NASA ocean-color website to evaluate the 

consistency of Chl-a time-series on a single sensor, and 

among the selected four sensors. This help us to select 

the best Chl-a dataset from each single sensor and 

decide how different atmospheric correction and Chl-a 

retrieval algorithms influence the products. The GSM 

or OCI bio-optical algorithms have been used to 

process these additional Chl-a products. The GSM 

algorithm considers the absorption by combined 

detrital and dissolved matter and particle 

backscattering to retrieve Chl-a using a semi-analytical 

inversion model [34,35]. The OCI performs a band-

difference of remote-sensing reflectance in the green 

part of the visible spectrum, and tunes the results using 

a linear baseline between blue and red wavebands 

[30,36]. This algorithm is applicable only in 

oligotrophic waters where Chl-a<0.25 mg m-3 and 

reverts to standard band-ratio algorithm at higher Chl-

a>0.3 mg m-3.  

In addition to the standard MERIS data, additional 

MERIS datasets were processed using a different 

atmospheric correction algorithm called POLYMER to 

evaluate the sensitivity of Chl-a time-series to the 

variations of atmospheric correction algorithms. The 

standard Chl-a products have been processed using 

SeaDAS atmospheric correction algorithm. In contrast, 
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POLYMER algorithm is a coupled ocean-atmosphere 

algorithm based on spectral optimization, and it 

conceptually differs with SeaDAS [9]. The POLYMER 

algorithm for MERIS sensor shows a more ability to 

perform in the presence of sun glint, and therefore it 

generates extensible spatial coverage that did not 

observe in the other atmospheric correction algorithms 

[3]. 

The list of selected Chl-a datasets and corresponding 

atmospheric correction and Chl-a retrieval algorithms 

are show in Table 1. Here, the following four 

comparisons were made:  

 Comparison-I: Chl-a datasets of SeaWiFS-SO, 

MERIS-SO, MODIS-SO, and VIIRS-SO were used 

to compare their temporal consistency during the 

study period using a common framework. 

 Comparison-II: Chl-a datasets of MODIS-SO, 

MODIS-SG, and MODIS-SI were used to assess the 

impacts of different Chl-a retrieval algorithms on the 

temporal comparisons of a single sensor.  

 Comparison-III: Chl-a datasets of MERIS-SO, 

MODIS-SG, and SeaWiFS-SI were used to assess the 

impacts of different Chl-a retrieval algorithms on the 

temporal consistency of different sensors. 

 Comparison-IV: Chl-a datasets of SeaWiFS-SO, 

MODIS-SO, MERIS-SO, and MERIS-PO were used 

to assess the impacts of different atmospheric 

correction algorithms on the temporal consistency of 

Chl-a time-series. 

In general, Chl-a datasets are log-normally distributed 

over the coastal areas and marginal seas [37]. Hence, 

all Chl-a imageries were transformed in Log10 bases 

prior to further analysis. 
 

2.3. Calculate monthly climatology and anomaly 

Monthly climatologies of the selected datasets were 

produced at each grid pixel. The Chl-a monthly 

climatology products of each satellite sensors were 

calculated for the whole period using Climate Data 

Toolbox for MATLAB® [38]. To calculate the 

monthly climatologies, the same number of 

observations and a common grid point were used for 

each of the selected Chl-a product to compute the 

monthly climatology. As a result, any biases and errors 

caused by missing data were consistent among 

different Chl-a products, and therefore the minimal 

effect of missing data was achieved. In addition, 

monthly anomalies were calculated for further analysis. 

Monthly anomalies were calculated by subtracting the 

monthly climatology from the corresponding monthly 

time-series datasets of each grid point for selected 

sensors during the study period. After that, the monthly 

Chl-a time-series and anomalies were transformed in 

Log10 bases (here after will be shown as Log10(Chl-

a)) to fully cover the log-normal distribution of these 

datasets. 
 

2.3. Statistical analysis 
The Pearson correlation coefficient (r), as the most 

known index for correlation of variables, was used in 

this study. Pearson correlation coefficient assumes that 

the variables are normally distributed and a linear 

relationship exists between them. Based on the 

probability of the correlation between variables, the 

significance of each correlation (p) was calculated. 

The linear regression type-1 was selected to calculate 

the trend of Chl-a datasets of each satellite sensor 

product. The type-1 linear regression was selected 

because: (a) it has been widely used for detection of 

Table 1- List of satellite datasets used in this study. The acronyms in the last column indicate the performed atmospheric 

correction and chlorophyll-a retrieval algorithms, and are used as reference to the selected corresponding dataset. 
 

Sensor Atmospheric correction Chl-a retrieval Duration Acronym  

SeaWiFS SeaDAS OC4 1997-2010 SeaWiFS-SO 

C
o

m
p

a
ri

so
n

-

I 

MERIS SeaDAS OC4E 2002-2012 MERIS-SO 

MODIS SeaDAS OC3M 2002-present MODIS-SO 

VIIRS SeaDAS OC3V 2012-present VIIRS-SO 

MODIS SeaDAS OC3M 2002-present MODIS-SO 

C
o
m

p
a
ri

so
n

-I
I MODIS SeaDAS GSM 2002-present MODIS-SG 

MODIS SeaDAS OCI 2002-present MODIS-SI 

MERIS SeaDAS OC4E 2002-2012 MERIS-SO 

C
o

m
p

a
ri

so
n

-

II
I MODIS SeaDAS GSM 2002-present MODIS-SG 

SeaWiFS SeaDAS OCI 1997-2010 SeaWiFS-SI 

MERIS POLYMER OC4E 2002-2012 MERIS-PO 

C
o

m
p

a
ri

so
n

-

IV
 SeaWiFS SeaDAS OC4 1997-2010 SeaWiFS-SO 

MODIS SeaDAS OC3M 2002-present MODIS-SO 

MERIS SeaDAS OC4E 2002-2012 MERIS-SO 
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Chl-a trends [39], (b) comparison of log-transformed 

Chl-a anomalies and time-series are well recognized 

than those observed by complex trend detection 

methods [3], and (c) we are going to test whether trends 

between different sensor products provide an insight to 

the correlation between them, and we do not looking 

for the exact trends in the datasets. Trends in Chl-a 

time-series and anomalies data is computed as: 

 
Y = XS + I (1) 

where ‘Y’ is the log-transformed anomaly, ‘X’ is time 

in year, ‘S’ is the slope of regression, and ‘I’ is the 

intercept. In this equation, ‘S’ defines the trend, and it 

is shown only when the Pearson correlation coefficient 

(r) was statistically significant (p<0.05). 

In this study, we used the Z-test to identify whether two 

correlation coefficients are statistically different [40]. 

The score of a known r-value for two separate 

correlations is determined as bellow: 

 

𝑍𝑛 = 0.5𝑙𝑜𝑔 (
1 + 𝑟𝑛
1 − 𝑟𝑛

) 
(2) 

where Zn is the score of each r-value. The overall Zscore 

is computed as bellow (Cohen and Cohen, 1983): 

 

𝑍𝑠𝑐𝑜𝑟𝑒 =
𝑍𝑛 − 𝑍𝑛+1

{[1/(𝑚𝑛 − 3)] + [1/(𝑚𝑛+1 − 3)]}1/2
 

(3) 

where Zscore is then converted into the p-value assuming 

normal distribution of target datasets. A two-tailed test 

was performed to estimate accurate p-values. If p<0.05 

the r-values are considered to be statistically significant 

and different, otherwise they deemed to be similar. 
 

3. Results 
3.1. Comparison of the standard Chl-a products 

(Comparison-I) 
Correlation coefficient (r) between standard monthly 

Chl-a time-series from different satellite sensors are 

shown in Fig. 1. Over the most of the study area, the 

Chl-a time-series of the different satellite sensors show 

a high correlation (>0.85). The significance of 

correlations between different satellite sensors shows 

that the correlation between MODIS-SO and VIIRS-

SO differs from the other pairs. Correlation between 

pairs of the Comparison-I, except the MODIS-SO vs. 

VIIRS-So, show that the 49-64% of the study area are 

very highly correlated (p<0.0001), 76-83% are highly 

correlated (p<0.01), 84-89% are significantly 

correlated (p<0.05), and 11-15% are not significant 

(Fig. 1 e-f) (Table 2). Correlation between MODIS-SO 

and VIIRS-SO shows that the only 9% of the study area 

are very highly correlated, 24% are highly correlated, 

37% are significantly correlated, and 63% are not 

significantly correlated (Fig. 2h). The most important 

reason for this observation rises from the missing data 

over the study area between MODIS-SO and VIIRS-

SO during the 2012-2020. The significantly correlated 

areas (p<0.05) are remarkably similar and the middle 

parts of the Persian Gulf show greatest r-values relative 

to the shallow regions. It is suggested that the shallow 

regions are affected by noises when compared with 

deeper regions.  

Fig. 2a-d shows the r-values between monthly Chl-a 

anomalies from different ocean color sensors. The 

anomalies of Chl-a time-series represent the removed 

seasonal cycles from original data. After removing the 

seasonal cycles from Chl-a time-series, the correlations 

between sensors are not as high as the time-series in 

Fig. 1. It has been shown that the main fluctuation of 

Chl-a in the Persian Gulf is due to seasonal cycles. 

Hence, the large part of the total variance of Chl-a time-

series is expected to be due to the seasonality, and the 

Chl-a anomalies reveal the interannual fluctuations of 

Chl-a. Nonetheless, over the most regions of the study 

area, Chl-a anomalies between different satellite 

sensors are highly correlated (>0.85), except the 

correlation between MODIS-SO vs. VIIRS-SO that 

shows r-values of 64-76%. The statistical significance 

of these correlations are considerably lower than those 

observed in Fig. 1e-h, with 63-69% of the total study 

area having significant correlation (p<0.05). 

Correlation between MODIS-SO and VIIRS-SO shows 

the lowest very high significant (4%), and about 65% 

percent of this correlation is insignificant (Table 2). 

 
Figure 1. Maps of the correlation coefficient (r) between the 

monthly Chl-a time-series from different satellite sensors, 

Comparison-I. (a) MODIS-SO vs. MERIS-SO, (b) MODIS-SO 

vs. SeaWiFS-SO, (c) SeaWiFS-SO vs. MERIS-SO, (d) MODIS-

SO vs. VIIRS-SO. (e)-(h) maps show the statistical significance 

(p) of the correlations of (a)-(d), respectively. 
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Figure 2- Maps of the correlation coefficient (r) between the 

monthly Chl-a anomalies from different satellite sensors, 

Comparison-I. (a) MODIS-SO vs. MERIS-SO, (b) MODIS-SO 

vs. SeaWiFS-SO, (c) SeaWiFS-SO vs. MERIS-SO, (d) MODIS-

SO vs. VIIRS-SO. (e)-(h) maps show the statistical significance 

(p) of the correlations of (a)-(d), respectively. 
 

 

3.2. Comparison of different Chl-a retrieval 

algorithms from a single sensor (Comparison-II) 
Fig. 3 shows the correlation coefficient (r) and 

statistical significance (p) between Chl-a time-series 

from different Chl-a retrieval algorithms of MODIS. 

Results revealed that the Chl-a time-series are well 

correlated (>0.78) between different retrieval 

algorithms, but the most areas show the imperfect 

significant correlations (Table 2). The correlation 

between MODIS-SG and MODIS-SO shows the lowest 

significant values and less than 12% of the study area 

are very well correlated, and about 65% are not 

significantly correlated. The imperfect correlations are 

seen in the central parts and deeper regions where lower 

values of Chl-a are observed. Further, there are lower 

correlation (>0.70) in the Chl-a anomalies between 

different MODID data (Fig. 4). The Chl-a anomalies 

show the lowest correlation (~0.7) between MODIS-

SO and MODIS-SI in the central parts of the Persian 

Gulf (Fig. 4c). The Chl-a anomalies show more 

correlations between different MODIS products in the 

shallow areas where p-values are significant. Despite 

the high correlation values of different Chl-a anomalies 

(>0.7) in the shallow areas of the study area, the 

majority of areas of the Persian Gulf do not show a 

significant correlation (p0.05) (Fig. 4d-f). This is 

mainly due to the gap of data between different Chl-a 

retrieval algorithms from MODIS data. Correlation 

coefficient (r-value) and probability maps (p-value) 

between monthly Chl-a time-series and anomalies from 

MODIS (Fig. 3a, c and 4a, c) revealed that the MODIS-

SG vs. MODIS-SI shows the highest and the most 

significant correlation relative to the other sensor pairs 

proposed for Comparison-II. The worst case of 

comparison between Chl-a anomalies in Comparison-

II belongs to the MODIS-SG vs. MODIS-SO pairs. 

Consequently, original time-series and removed 

seasonal cycles of Chl-a datasets using GSM and OCI 

retrieval algorithms agree perfectly in shallow high 

Chl-a waters (Fig. 4a) as OCI algorithm reverts to GSM 

algorithm at Chl-a concentrations >0.3 mg m-3. In 

contrast, OC3M algorithm (MODIS-SO) shows the 

lowest agreement with SGM algorithm in both shallow 

and deeper areas, which indicates that the GSM and 

OC3 algorithms are not suitable for Chl-a estimations 

over the Persian Gulf even in the deeper areas. 

Table 2- Percentage area of the study area with significant (p<0.05), and not significant (p>0.05) correlations of the 

different comparisons denoted in table 1. 
 

Comparison Chl-a time-series Chl-a anomalies 

 p<0.0001 p<0.01 p<0.05 p0.05 p<0.0001 p<0.01 p<0.05 p0.05 

I 

MODIS-SO & MERIS-SO 49 76 84 15 24 49 63 37 

MODIS-SO & SeaWiFS-SO 57 81 87 12 25 52 66 34 

MERIS-SO & SeaWiFS-SO 64 83 89 11 26 55 69 30 

MODIS-SO & VIIRRS-SO 09 24 37 63 04 17 34 65 

II
 

MODOS-SG & MODIS-SI 37 52 61 40 27 40 50 49 

MODIS-SG & MODIS-SO 12 25 34 65 06 16 25 75 

MODIS-SO & MODIS-SI 20 46 61 39 06 17 27 73 

II
I 

MERIS-SO & MODIS-SG 06 16 25 75 04 09 16 84 

MERIS-SO & SeaWiFS-SI 60 81 88 12 31 53 67 33 

MODIS-SG & SeaWiFS-SI 07 18 27 73 05 12 20 80 

IV
 MODIS-SO & MERIS-PO 04 12 21 79 03 07 13 87 

SeaWiFS-SO & MERIS-PO 06 13 22 77 05 11 18 82 

MERIS-SO & MERIS-PO 06 16 26 74 05 12 21 79 
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3.3. Comparison of different Chl-a retrieval 

algorithms from different sensors (Comparison-III) 

Maps of the correlation coefficient (r) between monthly 

Chl-a time-series from different satellite sensors using 

different Chl-a retrieval algorithms are shown in Fig. 

5. Only the results of Fig. 5b is consistent with Fig. 1, 

which indicates the correlations between MERIS-SO 

and SeaWiFS-SI are consistent with MERIS-SO and 

SeaWiFS-SO products. About 88% of the study area 

are significantly correlated for MERIS-SO vs. 

SeaWiFS-SI, and the other pairs of comparisons in 

Comparison-III scenario show less than 30% are 

significantly correlated over the shallow areas (Table 

2). In addition, Fig. 4 indicates the influence of inter-

sensor differences on the correlation maps and shows 

that the r-values and p-values between MERIS and 

SeaWiFS are higher than the other pairs over the whole 

Persian Gulf. Fig. 6 shows correlation coefficient maps 

between Chl-a anomalies from different satellite 

sensors using different Chl-a retrieval algorithms. It is 

consistent with Fig. 5 and indicates that the Chl-a 

anomalies between MERIS-SO and SeaWiFS-SI are 

significantly correlated for 67% of the whole study area 

(Fig. 6b, e). 

 

Figure 3. Maps of the correlation coefficient (r) between the monthly Chl-a time-series from MODIS using different Chl-a 

retrieval algorithms, Comparison-II. (a) MODIS-SG vs. MODIS-SI, (b) MODIS-SG vs. MODIS-SO, (c) MODIS-SO vs. MODIS-

SI. (d)-(f) maps show the statistical significance (p) of the correlations of (a), (b), and (c), respectively. 

 

 

 

Figure 4. Maps of the correlation coefficient (r) between the monthly Chl-a anomalies from MODIS using different Chl-a 

retrieval algorithms, Comparison-II. (a) MODIS-SG vs. MODIS-SI, (b) MODIS-SG vs. MODIS-SO, (c) MODIS-SO vs. MODIS-

SI. (d)-(f) maps show the statistical significance (p) of the correlations of (a), (b), and (c), respectively. 
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when compared with Chl-a retrieval algorithms from 

the same sensor (Fig. 3), the r-values are lower than for 

a single sensor, indicating the discrepancies of inter-

sensor Chl-a estimations. However, the correlation 

coefficients for GSM and OC3/OC4 algorithms (<0.88) 

are less than the corresponding values of the OCI (>0.9) 

algorithm. Nonetheless, correlation maps of the 

Comparison-III scenario indicate the consistency in the 

Chl-a time-series and anomalies irrespective of the 

choice in Chl-a retrieval algorithms, although the most 

of the study area (75-84%) for GSM and OC3/OC4 

algorithms are not significantly correlated. 

 

3.4. Comparison of different atmospheric 

correction algorithms (Comparison-IV) 

The maps of the correlation coefficient (r) between the 

monthly Chl-a time-series from different satellite 

sensors (MERIS, MODIS, and SeaWiFS) using two 

different atmospheric correction algorithms (SeaDAS 

and POLYMER) are shown in Fig. 7. The Chl-a time-

series are significantly for 21-26% of the whole study 

area (Table 2), and most of the study area (74-79%) 

show insignificant correlations. However, the r-values 

from different satellite sensors in Comparison-IV 

varies from 0.82-0.97 (Fig. 7a-c). Fig. 8 shows maps of 

the correlation coefficient (r) between monthly Chl-a 

 

Figure 5. Maps of the correlation coefficient (r) between the monthly Chl-a time-series from different satellite sensors using 

different Chl-a retrieval algorithms, Comparison-III. (a) MERIS-SO vs. MODIS-SG, (b) MERIS-SO vs. SeaWiFS-SI, and (c) 

MODIS-SG vs. SeaWiFS-SI. (d)-(f) maps show the statistical significance (p) of the correlations of (a), (b), and (c), respectively. 

 

 

Figure 6. Maps of the correlation coefficient (r) between the monthly Chl-a anomalies from different satellite sensors using 

different Chl-a retrieval algorithms, Comparison-III. (a) MERIS-SO vs. MODIS-SG, (b) MERIS-SO vs. SeaWiFS-SI, and (c) 

MODIS-SG vs. SeaWiFS-SI. (d)-(f) maps show the statistical significance (p) of the correlations of (a), (b), and (c), respectively. 
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anomalies for the pairs of Comparison-IV scenario 

where 79-87% of the study area show imperfect 

correlations (Table 2). Results are consistent with those 

obtained between GSM and OC3/OC4 Chl-a retrieval 

algorithms (Fig. 5, 6). 

Results of the comparison between MODIS-SO and 

MERIS-PO, and the comparison between SeaWiFS-

SO and MERIS-PO show the effect of both different 

atmospheric correction algorithms and different 

sensors, whereas comparison between MERIS-PO and 

MERIS-SO are just influenced by different 

atmospheric correction algorithms. The correlations 

between MERIS-PO and MERIS-SO are generally 

greater in northern coastal regions and they are slightly 

lower in the middle and southern regions (<0.74). In 

general, results of the Comparison-IV scenario (Fig. 7 

and 8) indicate that the consistency of the Chl-a time-

series and anomalies between different satellite sensors 

irrespective of the choice of atmospheric correction 

algorithms are imperfect over more than 70% of the 

Persian Gulf. Therefore, it could be concluded that the 

SeaDAS and POLYMER algorithms are not 

significantly correlated over the Persian Gulf. 

 

 

Figure 7. Maps of the correlation coefficient (r) between the monthly Chl-a time-series from different satellite sensors using 

different atmospheric correction algorithms, Comparison-IV. (a) MODIS-SO vs. MMERIS-PO, (b) MERIS-SO vs. MERIS-PO, 

and (c) SeaWiFS-SO vs. MERIS-PO. (d)-(f) maps show the statistical significance (p) of the correlations of (a), (b), and (c), 

respectively. 
 

 

 

Figure 8. Maps of the correlation coefficient (r) between the monthly Chl-a anomalies from different satellite sensors using 

different atmospheric correction algorithms, Comparison-IV. (a) MODIS-SO vs. MMERIS-PO, (b) MERIS-SO vs. MERIS-PO, 

and (c) SeaWiFS-SO vs. MERIS-PO. (d)-(f) maps show the statistical significance (p) of the correlations of (a), (b), and (c), 

respectively. 
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4. Discussion 
The Chl-a time-series for SeaWiFS, MERIS, and 

MODIS, are significantly correlated for >84% of the 

whole Persian Gulf (Table 2). Also, it was found that 

MODIS and VIIRS are correlated (~0.9) over the 37% 

of the study area, and the reminders are imperfectly 

correlated (Fig. 1). Furthermore, correlations between 

anomalies of the Chl-a from different satellite sensors 

are consistent with those obtained form Chl-a time 

series, although the spatial extent of prefect 

correlations are lower than Chl-a time-series (Fig. 2). It 

is encouraging to see such consistency in the Chl-a 

datasets from different satellite sensors despite of 

differences in design, wavelengths, overpass time, and 

pre- and post-lunch calibration instrument 

characteristics of each sensor. An irregular temporal 

sampling of ocean color satellite sensors produces 

biases in the monthly Chl-a series which is observable 

in the regional interannual variabilities. In addition, 

missing data and gaps in ocean color datasets may 

increase the inconsistency between different satellite 

sensors. The correlation between Chl-a from different 

satellite sensors appears reasonably sensitive to the 

Chl-a retrieval algorithms (Fig. 4-6), and to the 

atmospheric correction algorithms (Fig. 7 and 8). In 

this regard, SeaDAS and POLYMER atmospheric 

correction algorithms are highly consistent and no 

more significant differences were observed. In contrast, 

OC3/OC4 and OCI of Chl-a retrieval algorithms show 

very different results over the study area, where OCI 

showed more consistent results than OC3/OC4 

algorithms for all of the selected satellite sensors. The 

analysis of the Chl-a anomalies showed similar results. 

The interannual consistency between different satellite 

sensors shows that the biases between sensors and 

algorithms are minimized. Also, it confirms the high 

stability and sensor calibration of the selected ocean 

color sensors.  

It is clear from different satellite sensors that the 

differences of Chl-a raised mainly from different Chl-

a retrieval algorithms (OC3/OC4, GSM, and OCI). 

However, along the middle and southern coastal 

regions, higher differences in Chl-a are observed when 

applying different atmospheric correction algorithms 

compared with different Chl-a retrieval algorithms. 

This finding indicates that the accurate atmospheric 

correction is clearly affects the Chl-a estimations from 

ocean color satellite sensors. Over the southern and 

middle of the Persian Gulf dust deposition and aerosol 

content raised from adjacent Sahara significantly 

influence the Chl-a estimation and emphasizes on the 

selection of an accurate atmospheric correction 

algorithm. Choosing the best atmospheric correction 

algorithm between POLYMER and SeaDAS for 

SeaWiFS, MERIS, and MODIS over the study area 

requires more investigation which is beyond the scope 

of this study. 

Most of the ocean color satellites have life cycles of 5-

10 years, and many of them have completed their 

mission (e.g. MERIS and SeaWiFS). Long-term 

detection of seasonal and interannual variations of Chl-

a requires the combination of different ocean color 

missions which have overlapped to enable cross-

calibration. The SeaWiFS, MERIS, and MODIS 

sensors have operated in parallel for 8 years, and 

MODIS and VIIRS are in orbit from 9 years ago. 

Hence, the results of this study provide an insight for 

merging of the selected satellite sensors for long-term 

analysis of Chl-a. 

 

5. Conclusion 
In this study, we used the monthly Chl-a time-series 

during the last 20-year period to evaluate the temporal 

consistency between four satellite sensors, SeaWiFS, 

MERIS, MODIS, and MODIS. Monthly anomalies of 

the Chl-a series were calculated for each satellite 

sensor over the study time period. Statistical analysis 

revealed that the Chl-a time-series and anomalies of 

three sensors were correlated for >84% and 63% of the 

study area, respectively. Chl-a series and anomalies 

from VIIRS showed to be correlated with MODIS over 

37% and 34% of the study area. The consistency 

between different atmospheric correction and Chl-a 

retrieval algorithms from different sensors revealed 

that the accurate selection of Chl-a retrieval and 

atmospheric correction algorithms are very critical over 

the study area. The Chl-a time-series and anomalies 

showed consistency between GSM and OCI Chl-a 

retrieval algorithms in shallow regions where Chl-a 

concentrations are >0.3 mg m-3. The OC3M and OC4 

algorithms showed the lowest correlation with GSM 

algorithm in both shallow and deep regions of the 

Persian Gulf. The results indicated that the OC3/OC4 

and GSM algorithms are not suitable for Chl-a 

estimations over the whole area of the study area, and 

in contrast the OCI algorithm provides more reasonable 

estimations of Chl-a. Furthermore, results revealed that 

the different atmospheric correction algorithms are 

reasonably influence the Chl-a estimations from 

different satellite sensors. In this regard, more than 

70% of the study area showed an imperfect consistency 

between SeaDAS and POLYMER atmospheric 

correction algorithms. Consequently, performing the 

best atmospheric correction, and Chl-a retrieval 

algorithms are critical tasks in Chl-a estimations and 

applications in the Persian Gulf. The results also 

provide a decision for combining the ocean color 

satellite products for performing the long-term Chl-a 

datasets, while properly minimize the systematic 

differences between different satellite sensors. 
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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. 
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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/


Sobhan Eskandari, Dariush Mansoury / Spatial and temporal variations of the electrical conductivity and magnetic field of the Caspian Sea using … 

36 

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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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 Ssea

38
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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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The main source of water in Minab is the shallow aquifer which is part of the 

coastal aquifer. The quality of the groundwater is extremely deteriorated in 

terms of salinity. Salinization of groundwater may be caused and influenced by 

many variables. Studying the relation of between these variables and salinity is 

often a complex and nonlinear process, making it suitable for artificial 

intelligence application. The present paper presents a comparison of the hybrid 

of Adaptive Neuro Fuzzy Inference System (ANFIS) with Partial Swarm 

Optimization (PSO) model and L-moments regarding their power and 

efficiency in regional and at-site anticipation of salinity of groundwater at 

Minab coastal plain. In doing so, electrical conductivity is considered the 

dependent variable, while, through regression analysis, total cations, 

magnesium ion, sodium percentage, and level of groundwater are assumed to 

be independent parameters. Results showed that, in regions with lower 

heterogeneity criterion, ANFIS-PSO regional forecast were moderately more 

accurate than at-site anticipations. 

Keywords: 

Salinity 

ANFIS-PSO 

Regional Analysis 

At-Site Analysis 

 

1. Introduction 
In many areas, especially in arid and semi-arid regions 

such as Minab coastal plain, groundwater is one of the 

main water resources for drinking water, agriculture, 

and industry uses. Aquifers and the contained 

groundwater are inherently sensitive to pollution from 

many sources. These days, Groundwater simulation has 

been used vastly for a better management of 

groundwater resources. Therefore, many researchers 

have tried to find more accurate models, considering 

the actual conditions. These models require plenty of 

information which is difficult and sometimes 

impossible to gather. Salinization may be caused by a 

number and/or combination of different processes, 

including: seawater intrusion; migration of brines from 

the deeper parts of the aquifer; dissolution of soluble 

salts in the aquifer (water-rock interaction); and 

contribution from discharges from older formations 

surrounding the coastal aquifer. In addition, potential 

man-induced (anthropogenic) sources include 

agricultural return flows, wastewater seepage, and 

disposal of industrial wastes. In addition, water quality 

(e.g. salinization) is influenced by many factors such as 

flow rate, contaminant load, medium of transport, 

water levels, initial conditions and other site-specific 

parameters [1]. And also, considering some execution 

conditions, reaching a conclusion takes more time if 

possible at all. On the other hand, there are numerous 

factors in hydrologic parameters which complicate 

applying data to the models. Making physical and 

conceptual models have been poorly noticed for 

difficulty of gathering more information and the 

required time for calibration. In addition, nonlinearity 

of variables makes the problem more challenging. 

Recently, Artificial Intelligence (AI) models, as new 

powerful tools, have been used for forecasting 

hydrologic parameters. These methods act as a black 

box and do not require lots of physical data and are 

capable of estimating non-static water quality. Due to 

short processing time and low input data, AI models 

can supersede numerical ground water models. These 

new methods act as powerful estimators without the 

need for governing equations. For error reduction in 

regional forecasting, all selected wells must choose 

from one homogeny cluster. So, it is necessary to define 

cluster homogeny by some examinations. But one must 

make sure that these places are available. Because 

choosing some clusters with some wells inside is not 

sufficient for homogeny. The L-moments as the new 

types of statistical methods act for solving such 
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problems. A quick search shows that regional 

forecasting with ANFIS-PSO is a new method for 

modeling. Nero-fuzzy networks for flood regional 

analysis were used [2]. Investigation shows that nero-

fuzzy model versus artificial neural networks and non-

linear correlation, has better ability in modeling of 

flood estimation in watersheds without hydrometer At-

Sites. L-moments was investigated the great supply of 

four aquifers in Australia [3]. They found that regional 

analysis increase the accuracy of forecasting. Adaptive 

neuro fuzzy inference system (ANFIS) have been used 

to predict water supply in terms of quality and quantity 

trends in sophisticated systems with acceptable 

accuracy. [4, 5, 6, 7 and 8]. Methods of AI are nonlinear 

tools of modeling which do not need any explicit of the 

physical relationship of the problem. Through recent 

years, those successful applications for Soft Computing 

Techniques in the field of water engineering have been 

published in a great scale. [9, 10 and 11]. This paper 

attempts forecasting regional salinity of groundwater of 

Minab coastal plain by ANFIS-PSO with L-moments 

and comparison of between regional and At-Site 

results. 

2. Study area  
The Minab coastal plain is located in 56 º 48΄ - 57 º 15΄ 

E and 26 º 1΄ - 27 º 27΄ N. It covers a total area of 

1378.8 square kilometers and its plain has an area of 

788 square kilometers along the Persian Gulf. The 

maximum height of this plain is 50 meters and its 

minimum is zero. The main river is the Minab River 

(Fig. 1). 

 

 
Figure1. Location of Minab coastal plain. 

3. Materials and methods 

3.1. L-moments 
(Hosking, 1990) has a new definition of L-moments. 

Based on his studies, L-moments are analogous to 

traditional moments which are expressible as linear 

combinations of order statistics. Basically L-moments 

have linear functions as probability-weighted moments 

(PWMs) [12]. Alike conventional moments, the 

primary objective of PWMs and L-moments is to 

summarize previously-observed samples and 

theoretical distribution. The theory of PWM was 

summarized and defined by (Greenwood et al., 1979) 

as the following [13]: 
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Where βr is the rth order PWM and FX(x) is the 

cumulative distribution function of X. Unbiased 

sample estimators (bi) of the first four PWMs are given 

as [14]. 
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Where x(j) represents the ranked AMS with x(1) being 

the highest value and x(n) the lowest value, 

respectively. The first four L-moment are given as 

follow  
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Non-biased sample estimators in the first four L-

moments are resulted by the substitution of the PWM 

sample estimators from Eq. (2) and Eq. (3). The first L-

moment λ0 and the mean value of X are equal. At the 

end, the L-moment ratios are calculated as:    
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Sample estimates of L-moment ratios are obtained by 

substituting the L-moments in Eq. (4) with sample L-

moments. 

 

3.2. Heterogeneity Measure 
Heterogeneity measure is used for identification of 

homogeneous regions based on observed and simulated 

dispersion of L-moments for a group of sites under 

consideration. This can be computed from [15]: 
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(5) 

 

Where V = weighted standard deviation of  values, , = 

the mean and standard deviation of Nsim values of , 

and Nsim = number of simulations. 

A region is declared ‘acceptably homogeneous’ if H<1; 

‘possibly heterogeneous’ if 1<H<2; and ‘definitely 

heterogeneous’ if H≥ 2. To avoid committing to a 
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particular 2 or 3 parameter distribution, simulation is 

undertaken using a 4 parameter Kappa distribution and 

the number of simulation is kept at least at 500 to arrive 

at reliable estimates of   and. In addition to the above, 

two additional measures H1 and H2 based on 

LCV/LCS and LCS/LCK distances respectively are 

also considered. The measure H1 indicates whether at-

site and regional estimates will be close to each other, 

while H2 indicates whether the at-site and regional 

estimates will be in agreement. A large value of H1 

usually indicates a large deviation between regional 

and at-site estimates, whereas a large value of H2 

indicates a large deviation between at-site estimates 

and observed data. 

 

3.3. Discordance Measure 
Discordance measure, ZDIST, is used to screen out the 

data from unusual sites, i.e. sites whose at-site sample 

l-moments are markedly different from other sites and 

is defined as [16]: 

 

)()(
3

1 1 uuSuuD i

T

ii  

 
(6) 

 

Where Ui = vector of LCV, LCS and LCK for a site i; 

S = covariance matrix of V; u = mean of vector Ui. 

A given site is declared discordant if Di≤3. Critical 

value of  ZDIST defines as [14]: 

3/)1(  nDi  (7) 

                          

Where n is number of At-Sites in studied region. 

Figure 2. A typical ANFIS architecture for a two-input Sugeno 

model with four 

 

3.4. The neuro-fuzzy structure 
The ANFIS, the multilayer feed-forward network, 

maps inputs into an output using neural network 

learning algorithms and fuzzy reasoning. It is certain 

that a fuzzy interference system (FIS) is implemented 

in the framework of adaptive neural networks. Fig.1 

illustrates the architecture of a typical ANFIS with five 

layers: 
 

For simplicity, a typical ANFIS architecture with only 

two inputs leading to four rules and one output for the 

first order Sugeno fuzzy model is expressed [17,18]. It 

is also assumed that each input has two associated 

membership functions (MFs). It is clear that this 

architecture can be easily generalized to our preferred 

dimensions. The detailed algorithm and mathematical 

background of the hybrid learning algorithm can be 

found in the Reference [18]. 
 

3.5. ANFIS-PSO method 
There is a hybrid of canonical real-coded PSO, 

subtractive clustering and ANFIS, designed and 

finalized for the purpose of producing suitable 

approximate fuzzy models for the sake of accuracy and 

parsimony.  The primary procedure of modeling is an 

optimization task executed by PSO where both the 

accuracy and compactness of fuzzy models are the 

subjects of simultaneous optimization.  The whole 

process of optimization by PSO is based all particles 

that fly over the D-dimensional solution space are 

subject to updated rules for new positions, until the 

global optimal position is found. Velocity and position 

of a particle are updated by the following stochastic and 

deterministic update rules [19]: 
 

𝑣𝑖(𝑡) = 𝜔𝑣𝑖(𝑡 − 1)  +  𝜌1 (𝑥𝑃𝑏𝑒𝑠𝑡𝑖
− 𝑥𝑖(𝑡))  

+ 𝜌2(𝑥𝐺𝑏𝑒𝑠𝑡 −  𝑥𝑖(𝑡)) 

 

(8) 

𝑥𝑖(𝑡)= 𝑥𝑖(𝑡 − 1)  +  𝑣𝑖(𝑡)     (9) 

 

 

where ω is an inertia weight  and   are  random 

variables. The random variables are defined as and with 

r1, r2, U(0, 1), and  C1 and  C2  are  positive 

acceleration constants. Acceleration constants C1   and 

C2   represent the weights of the stochastic acceleration 

terms that push a particle toward Pbest and Gbest, 

respectively.  The flow chart of modeling procedure is 

illustrated in Fig.3. 
 

 
 

Figure 3. Steps of ANFIS-PSO model procedure 
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Subtractive clustering method can be used to generate 

a fuzzy model of TSK in which the number certain 

rules (i.e. the number of clusters) is determined through 

radii parameters dedicated into dimensions. These radii 

are mainly used for the purpose of cluster generation. 

Each cluster is meant to represent a rule and according 

to the fact that clustering is completed in 

multidimensional space, and fuzzy sets for each rule 

must be achieved.  By projecting the center of each 

cluster in the corresponding dimension, the centers of 

MFs are obtained. The widths of MFs for a single 

dimension are obtained on the basis of radius ra which 

is particularly considered for that dimension. 

Therefore, each chromosome in this study acts as radii 

values encoder for all dimensions inputs and outputs of 

a fuzzy model. These radii of fuzzy model are then used 

by subtractive clustering to generate a TSK FIS. 
 

3.6. Simulation setup  

The PSO algorithm parameters chosen for the tuning 

purpose are: ps = 100, c1 and c2 =2, wmax = 0.9, wmin 

=0.3. Number of epochs and learning rate are set to 100 

and 0.2 for ANFIS. Ranges of radii are considered to 

be in interval [0.1, 2]. In the following subsections case 

studies are described in more detail. 
 

4. Results and discussions 
First step to define a homogenous region is choosing 

the most important clustering parameters. Choosing all 

important parameters to define a homogeny cluster for 

a phenomena,increase calculating time and errors, so, 

choosing the most important parameters would make 

the calculation simpler, without resulting in any major 

differences. In this paper, out of effective parameters 

(time series parameters recorded) more important 

parameters were selected through regression analysis. 

Results showed that all of the cations, magnesium ions, 

sodium percentage, and groundwater level have more 

effect on salinity.  Therefore, these parameters are used 

for electrical conductivity in clustering and also input 

parameters for forecasting. In this paper, with K-Means 

method and Ward hierarchical, the region was divided 

into 2, 3, and 4 sectors, respectively. And then, the 

incompatibility and non-homogeny criteria for the 

region were defined. For choosing the best clustering 

mode and optimum number of regions, incompatibility 

summation of At-Sites, defining the number of 

incompatible At-Sites with more degree of 1.5, 2 and 

3, and also non-homogeny criteria were conducted for 

each and every region. Results are shown in Table.1 

Considering Table.1, when all the At-Sites are 

considered as one region, only the H1 criteria are 

homogeny while H2 and H3 are non-homogeny. In 

general, K-mean method includes 4 regions as the 

priority and Ward, with 4 regions in the next place. 

Considering 4 homogeny regions for research area, 

some wells were scattered in the other areas. 

 

Table 1. Non- homogeny criteria for different scenarios 

Method Region 
Criteria 

H1 

Criteria 
H2 

Criteria 
H3 

Total wells of 
a region Total 1.5 2.5 6.77 

K-Means 

 2 region 

A 0.6 1.01 1.22 

B -0.45 -0.91 2.5 

K-Means 

 3 region 

A 0.4 0.65 1.3 

B -0.25 -0.53 2.28 

C -0.45 -0.99 3.29 

K-Means 

 4 region 

A 0.1 0.15 0.88 

B -0.25 -0.35 1.01 

C -0.11 -0.22 0.9 

D 0.12 0.45 1.8 

Ward 

2 region 

A 0.6 1.01 1.22 

B -0.45 -0.91 2.5 

Ward 

3 region 

A 0.32 0.59 1.21 

B -0.31 -0.43 2.33 

C -0.33 -0.71 1.09 

Ward 

4 region 

A 0.14 0.23 0.92 

B -0.41 -0.25 1.17 

C -0.14 -0.31 1.29 

D 0.45 0.69 1.96 

 

 
To solve this problem, all the following, well No3 in 

region A, well No15 in region B, and well No27 in 

region D were combined together and then the non-

homogeny criteria were computed. Relocation of the 

wells increased the non-homogeny of region A and B 

and decreased that of region C. To define the increase 

of non-homogeny, incompatibility of the wells was 

investigated and it was observed that well No14 was 

incompatible. The well was moved to region B and 

computation was restarted. The results showed 

decreased incompatibility for well No14. And finally, 

with moving to region B and re-computation, better 

results were achieved. Figures below show the final 

homogeny regions. 

4.1. Regional forecasting 

First and foremost, for regional forecasting, 

dimensionless data was computed in each one of the 

three regions including both selection input data and 

electrical conductivity. After choosing the best 

scenario for forecasting, by multiplying average off 

each well by regional dimensionless data, the 

dimensionless forecasting data is obtained for each 

well. Desired periodical statistics are considered on a 

monthly basis from 2001 to 2013. For analysis, 156 

regional dimensionless data were used. In this research, 

70 percent of the data was used for teaching, 10 percent 

for validation, and the remaining 20 percent was used 
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for the testing. Furthermore, for regional forecasting, 

models constructed with the relation equation are 

studied. In all models, the momentum training and 

ANFIS-PSO method were used. 
 
Table 2. The best topology of ANFIS-PSO model for the study 

areas 

R2 
No. 

of 

MF 

NO. OF 

RULES 
NO. OF 

INPUT 

VARIABLE 
Model Region 

0.9765 24 6 4 ANFIS-

PSO A 

0.9956 20 5 4 ANFIS-

PSO B 

0.9949 12 3 4 ANFIS-

PSO C 

 

Having observed the results of correlation coefficient 

and non-homogeny criteria, it is obvious that non-

homogeny decreased, the correlation coefficient of the 

observed data and regional forecasted data decreased as 

well. The reason is that low non-homogeny means 

incompatibility of the wells with the other wells in the 

same region. So, this would be able to reduce 

forecasting error. After implementing the proposed 

method (ANFIS-PSO) for each region, with 

multiplying the coefficient of each At-Site for the 

desired year, by regional forecasting data, electrical 

conductivity was calculated for each At-Site, and, 

finally, between the observed and calculated data, the 

correlation coefficient was calculated. Tables 4 to 6 

show the correlation coefficient for each well. 

Table 3. The correlation coefficient between observed and 

predicted data for each well in the area A 

Well number R2 Well number R2 

1 0.86 8 0.97 

2 0.91 9 0.90 

3 0.77 10 0.92 

4 0.93 11 0.94 

5 0.95 12 0.99 

6 0.97 13 0.89 

7 0.90  

Table 4. The correlation coefficient between observed and 

predicted data for each well in the area B 

Well number R2 Well number R2 

14 0.98 19 0.90 

15 0.79 20 0.92 

16 0.99 21 0.91 

17 0.99 22 0.96 

18 0.86  

Table 5. The correlation coefficient between observed and 

predicted data for each well in the area C 

Well number R2 Well number R2 

23 0.85 29 0.91 

24 0.86 30 0.98 

25 0.93 31 0.95 

26 0.93 32 0.98 

27 0.73 33 0.84 

28 0.90 34 0.99 

 

Considering the results shown in tables 3, 4, and 5 the 

wells No3, No15 and No27 which were moved before, 

have the least correlation coefficient. Better correlation 

coefficients are associated with the wells with salinity 

levels close to that of the regional average. Thus, it 

follows that regional analysis can forecast with high 

precision, in case of selection of wells and internal At-

Sites. Figures 4 and 5 show forecasting and regional 

salinity. According to figures, it would be useful to 

reduce the abstraction rate and increase the recharge 

quantities (the groundwater level) to the aquifer as a 

strong remedial action for solving the groundwater 

deterioration problem in the aquifer of Minab coastal 

plain (salinity). 

 

Figure 4. Observed salinity for September 2013 

 

 

Figure 5. Predicted salinity for September 2013 

 

4.2. At-Site forecasting 

For forecasting the salinity of our 34 wells, similar to 

the regional method, the proposed method ANFIS-PSO 

is applied to each well. For this purpose, the correlation 

coefficient between the observed data and forecasted 

data was obtained. After choosing the appropriate 

model, the forecasting started. Review of the results 

suggests that the salinity of groundwater for the study 

area increased during the past years. And also it's clear 

that ANFIS-PSO is capable of forecasting acceptable 

groundwater salinity.  

 
 

4.3. Comparison of At-Site and regional forecasting  

Priority of regional or At-Site analysis for each studied 

well of Minab plain was revealed through the method 

of correlation of coefficient, and then inserted into 

Table 6. 
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Table 6. Correlation coefficient for best structures at different 

Wells 

Well  

No 

Correlation 

Coefficient 
 

 

Priority 
At-Site Regional 

1 0.95 0.86 At-Site 

2 0.98 0.91 At-Site 

3 0.83 0.78 At-Site 

4 0.95 0.93 At-Site 

5 0.96 0.95 At-Site 

6 0.91 0.98 Regional
7 0.82 0.90 Regional
8 0.89 0.97 Regional
9 0.95 0.91 At-Site 

10 0.91 0.92 Regional
11 0.89 0.94 Regional
12 0.92 0.98 Regional
13 0.81 0.89 Regional
14 0.83 0.98 Regional
15 0.87 0.79 At-Site 

16 0.9 0.98 Regional
17 0.94 0.99 Regional
18 0.85 0.86 Regional
19 0.96 0.90 At-Site 

20 0.88 0.82 Regional
21 0.93 0.91 Regional
22 0.93 0.93 At-Site 

23 0.81 0.85 At-Site 

24 0.93 0.87 Regional
25 0.94 0.93 Regional
26 0.89 0.93 Regional
27 0.8 0.73 At-Site 
28 0.87 0.90 At-Site 
29 0.91 0.91 Regional
30 0.95 0.95 Regional
31 0.94 0.94 Regional
32 0.95 0.98 Regional
33 0.95 0.83 At-Site 
34 0.97 0.98 Regional

 

According to the results mentioned above, 21 wells 

with regional analysis and 13 wells with At-Site 

analysis method maintain good accuracy. The 

investigation shows that for wells, for which regional 

analysis shows lower accuracy in comparison to At-

Site analysis, the average is above regional average 

(wells No1, No5, No9, No15, No19 and No22) or below 

regional average (wells No23, No28 and No33). The rate 

of incompatibility for these wells is higher than the 

other regional homogenous wells. Region A has the 

most priority in At-Site analysis followed by C and D. 

As a result, the most important regions for analysis are 

the non-homogenous regions. As a result, in case of 

proper selection of the at-sites in a homogeneous region 

and low at-sites incompatibility as well as non-

homogeneity criterion, regional analysis is preferable 

to at-site analysis.  

 

5.Conclusion 
The current research showed that hybrid models can be 

used in groundwater quality management and outcome 

is comparable to other used approaches such as 

groundwater numerical modelling. According to 

regression analysis, sum of cations, magnesium ions, 

percentage of sodium, and groundwater table are the 

most effective on salinity. Moreover, for defining the 

number of homogeny clusters, generally, K-Means 

method, with 4 regions is the first and Ward with 4 

regions is the second suitable selection. As the non-

homogeny criteria decreased, correlation coefficient 

between the observed data and regional forecasted data 

reduced as well. The largest correlation coefficient was 

associated to the wells with close salinity to the 

regional average. In case of precise selection of the 

wells and At-Sites inside the region, the regional 

analysis can forecast with high accuracy. The most 

important regions for analysis are the non-homogenous 

regions. Forasmuch as, the PSO, which is a global 

random optimization algorithm, can simultaneously 

identify system structure and parameters. Therefore, 

the ANFIS-PSO model analysis showed an increase in 

the compactness and accuracy of the mentioned model 

during the testing stage. Our proposed method aiming 

to provide us with the best and effective composition 

of structure in the ANFIS model exchange rise and fall 

between the precision and the simplicity. The 

maintained results are to show a new hybrid algorithm 

providing both accuracy and complexity for a Neuro-

Fuzzy model. 
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Given the importance of Iran as a country with 11 ports and a wide range of 

commercial, military and passenger shipping, appropriate measures should be 

taken for shipping safety. This study seeks an empirical analysis of the impact 

of public relations strategies on secure shipping communications. The research 
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interview tools are used to interview professionals who have at least 10 years 
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reported cases; Until we achieved theoretical saturation and the obtained 

components were coded using Max QDA software. therefore, Dimensions of 

seafarers' problems, shareholder liability, maritime accident management, 

maritime accident crisis management, protection of interests, demand for 

seafaring, marine culture, reducing seafarers' concerns, maritime culture and 

improving the quality of seafarers' education were identified and evaluated by 

public relations strategies. 

In the quantitative phase, the research hypotheses were evaluated using a 
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1. Statement of the problem
Public relation is a systematic process about which

there are different theories [1]; Many see this process

as a tool for pursuing private interests [2], and others

argue that public relations is reassuring through the

constant flow of information in The political arena and

civil society contribute to the democratization of

communication [3]. But our discussion in this study

goes beyond what has been discussed so far about

public relations. our vision toward public relations

goes beyond a systematic view and is actually based

on the role of the organization's relationship with the

people. According to the researcher, public relations is

an organizational knowledge and developer of

organizational standards that takes public relations out

of the form of media for communication inside and

outside the organization, and use its information to

advance internal standards.

Public relations is a comprehensive institution in the 

organization that has the capacity to concentrate a lot 

of information. This valuable institution can exist in 

any organization as a decision maker in the 

management of the organization. 

The notion that many organizations consider public 

relations as the language of the organization and its 

managers, has taken away the aim and planning from 

this institution and has diminished its strategic role. 

The development of public relations as a science and 

the addition of scientific strategies to the matter, has 

expanded the views in this field day by day and 

improved its definition. Therefore, public relations is 

the art of recreating information and communication, 

in order to expand understanding and achieve long-

term trust between the organization and the audience 

in order to achieve organizational goals. The basis of 

this research has emerged from the mentioned 

perspective and seeks to explain public relations 
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strategies in secure shipping communications. 

Therefore, it must be acknowledged that planning and 

formulating a vision to achieve organizational goals 

requires the processing of environmental information 

based on the needs of the organization. Also, 

understanding the audience through situation analysis 

is an important element to achieve success in the 

organization. In light of these two basic principles, 

public relations management strategies have an 

evidence-based strategic approach and in fact 

emphasize the understanding of competitive change 

and capital potential through research in order to 

achieve success through quantitative evaluation 

methods. With this description, public relations is an 

institution that needs logical communication strategies 

based on accurate and extensive data processing to be 

able to utilize all the capacities within the organization 

and outside the organization, including the 

community, customers, suppliers and elites in line 

with organizational goals and interests. 

The shipping industry is perhaps the first and one of 

the most critical industries, especially as shipping 

plays a vital role for national security, economy and 

transportation. In 2004, the US Coast Guard had a 

budget of $ 330 million, and overall financial and 

figures reflect the importance of the industry, for 

example, there are about 50,000 ships in the world's 

merchant fleet carry goods around the world. In Iran, 

90% of trade is done by sea. The shipping industry has 

a good record of safe shipping; however maritime 

accidents can potentially be catastrophic. There is a 

combination of factors such as fatigue, stress, lack of 

proper communication, environmental factors, long 

time away from home in the maritime industry that can 

potentially contribute to accidents [4]. 

One of the basic skills in implementing, safe 

producing and working in all high-risk industries is 

proper public relations and communication strategies; 

this skill also affects other criteria such as the 

awareness of the situation, teamwork and decision 

making. The CTSB, short for Cape Town Association 

of the Blind, studied and reviewed 273 incidents that 

occurred to ships in Canadian waters between 1978 

and 1992. (Local waters are areas near the coast of any 

country where a local pilot goes and boards the ship 

that arrives at the port and due to being familiar with 

the waterway and the area, guides the ship in or out of 

the port). In the CTSB sampling of accidents, 42% of 

cases were due to misunderstandings between the pilot 

and the captain or lack of communication. If the deck 

officer is stunned and speechless when his commander 

run the ship aground or collides with another ship, it 

seems that a lack of non-technical skills (such as the 

example we used regarding communication) can 

sometimes lead to accidents. 

In fact, in our point of view, public relations  is an 

information center that should be able to 

institutionalize safety in the organization. On the other 

hand, in risk communication management analysis 

and presentation of awareness and knowledge, in 

positive aspects, it creates trust, honesty and support, 

and in negative aspects, it causes distrust and fear. 

Therefore, in communication science, the 

development of knowledge to reduce risk and increase 

safety is one of the basic tasks of public relations as a 

decision-making body. Transportation, and in 

particular maritime transport, in the communication 

evolution era, is involved in a close and intense 

competition that requires purposeful evaluation based 

on extensive data in order to achieve its desired goals 

in the light of safety and speed. Meanwhile, good 

organizational performance is formed only by 

processing data and making decisions in the light of 

useful and purposeful communication; 

Communications based on ethics, transparency and 

comprehensive information. Some consider the 

organizational model of public relations strategies as 

the involvement of the management of the public 

relations institution and believe that in this regard, all 

elements of the organization (internal and external 

beneficiaries) will significantly and imperceptibly be 

involved in decision-making process. Accordingly, 

considering the importance of Iran as a country with 

11 ports and a wide range of commercial, military and 

passenger shipping activities, the country must take 

appropriate measures for shipping safety. In this study, 

we seek empirical analysis of the impact of public 

relations strategies on secure shipping 

communications. 
 

2. Research Significance 
Strengthening public relations strategies is a very 

practical issue, the results of which can help empower 

the entire organization, especially human and financial 

resources; as fixing and optimizing strategies will lead 

to administrative focus and executive processes, 

which will result in work and administrative discipline 

throughout the organization. Communication plays an 

essential role in organizational management and all-

round development. Good management is formed 

when proper and optimal communication is 

established in the organization. Today, with the 

complexity of the social system, the importance, role 

and necessity of public relations as a communication 

technique and art that facilitates the cycle of internal 

and external communication in government executive 

agencies and organizations has been highlighted more 

than ever. Few organizations can be found in the 

current age that do not need a public relations unit as 

a center for information gathering and circulation. An 

efficient and strong public relations facilitates the flow 

of information from the organization to different 

groups of people and audience and plays an effective 

role in guiding and directing the public opinion of the 

society [5]. 

On the one hand, scientifically, the mission of public 

relations is sustainable development and success in the 
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organization, which is realized through maintaining 

the interests of the organization and its audience. One 

of the important goals of the Ports and Maritime 

Organization of Iran is to provide safe shipping 

conditions and the most important strategy in this 

regard is to establish secure communications. Among 

the causes of accidents in the maritime transport 

industry, non-human errors, including equipment 

failure, mechanical and structural failure, together 

account for 23% of all errors. In contrast, 78% of 

marine accidents are reported to be related to human 

error. This research identifies the factors that affect the 

safety of the deck officers' performance, and indicates 

that better planning can be done to improve their 

performance and the public relations of the related 

organization. When the entire voyage of a ship is 

carried out safely and set off safely from the port of 

origin to the destination, it will create a good 

reputation for the shipping company. The less 

maritime accidents caused by the poor performance of 

deck officers, the better the company's reputation in 

international markets. Today, the human factor and the 

quality of manpower performance have in fact become 

a very important and strategic competitive advantage 

among various shipping and oil tanker companies 

worldwide. Communication allows the exchange of 

useful information and data between the parties. In 

dynamic organizations, the best place to achieve this 

aim is the public relations institution. Therefore, the 

realization of secure communication platform through 

public relations strategies and using empirical analysis 

and available data is essential and leads to process 

optimization and sustainable success in secure 

shipping communications. 
 

3. Research Purpose 
Experimental analysis of the impact of public relations 

strategies on secure shipping communications 

Research Questions 

1-Does informing aspect of public relations awareness 

strategies have an impact on secure shipping 

communications? 

2-Does Organizational motivation aspect of public 

relations awareness strategies have an impact on 

secure shipping communications? 

3-Does issue prediction aspect of public relations 

awareness strategies have an impact on secure 

shipping communications? 

4-Does opportunity aspect of public relations 

awareness strategies have an impact on secure 

shipping communications? 

5-Does Crisis Management aspect of public relations 

awareness strategies have an impact on secure 

shipping communications? 

6- Does Crisis Management aspect of public relations 

awareness strategies have an impact on secure 

shipping communications? 

7- Does social responsibility aspect of public relations 

awareness strategies have an impact on secure 

shipping communications? 

 

4. Theoretical Foundations 
4.1 Public relations’ role in the organization 

Considering the role they play in the organization's 

contact with social groups, Public relations 

administrators, in terms of providing information from 

the environment to management, and in particular the 

relationship between the organization and key groups 

within the audience, may be expected to have the 

potential to influence the strategic decision-making 

process of the organization. However, this potential 

may not be realized by individuals within the 

organization, depending on how it is perceived and 

understood. As (Catlin et al.) Stated in 1984, by 

adopting different roles in the organization and using 

behavioral patterns, public relations practitioners and 

experts deal with different events and adjust the 

expectations of others and form a logical form. 

 

4.2. The most important safety and accident 

approaches 

The organizational impact on individual behavior is an 

important issue in risky industries; Because human 

errors occur in the organizational context. In high-risk 

industries, even a small human error can lead to 

devastating accidents. According to the International 

Atomic Energy Agency, a weak culture of safety was 

one of the reasons for the Chernobyl nuclear accident 

[6]. 

Human error is more prevalent in industries such as 

construction, aviation, nuclear energy, and oil 

production [7]. The biggest factor in all air accidents 

is human error. For several reasons, individuals are 

often blamed for air accidents rather than 

organizations: It is easier to assign legal 

responsibilities to individuals. It is easier to relate 

personal error to an accident because this relationship 

is tangible. There are limited studies that show the 

relationship between organizational errors and events 

because the nature of the relationship between 

organizational variables and events is not tangible. 

Blaming individuals is more financially beneficial 

than organizations [8].  

In recent years, however, researchers have realized the 

organizational effects on the complex nature of human 

error events. Domino theory, proposed by Baird [9], is 

the first and most well-known model of organizational 

effects on human adverse events. This theory states 

that every unfortunate event is the result of a series of 

events, each of which follows the other in a logical 

order. For example, human error occurs when the 

management of interaction and monitoring the action 

of an individual fails [9]. 

The second approach was proposed by Degani and 

Wiener. This approach was to identify the relationship 
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between management philosophy, organizational 

policies, operational processes and the way people 

work during flight operations. Ambiguity in these 

factors or the occurrence of conflict between these 

factors endangers immunity [10]. Inactive and 

invisible factors may be triggered by any accident-

causing event into unforeseen disasters. According to 

Turner's model, it is necessary to separate the possible 

causes of accidents from a series of events that may 

lead to the accident [11]. 

Perrow(1999) highlights the essential role of 

organizational management in complex organizations. 

Organizational complexity is due to modern 

technologies in tools and development of management 

systems. Complex organizations have more accidents 

than non-complex organizations. The root of failures 

in complex organizations can be managed by strong 

managers. One of the best patterns of human error is 

the Swiss cheese pattern of Reason (1990). Reason 

focuses on active and latent errors. While active errors 

are detected almost directly, latent errors are inactive. 

Until they suddenly cause an accident. The importance 

of errors in human accidents is in emphasizing the 

relationship between the three hierarchical layers, 

which are: preconditions for unsafe activities, unsafe 

supervisor and organizational effects, respectively. 

Any failure in the interaction of these factors causes a 

hole in the system. With the contribution of each of 

these factors, each incident that occurs is the end result 

of a number of failures, the last of which is the unsafe 

activity of individuals[7]. presented a four-tier version 

of the Reason model: unsafe behavior, preconditions 

for unsafe activities, unsafe supervisor, and 

organizational impacts are categorized into 

organizational processes in the subgroups of resource 

management. Organizational atmosphere refers to a 

series of organizational characteristics including 

organizational structure, policy design and 

organizational culture. Organizational atmosphere and 

culture are known as root factors that affect personal 

safety behavior in the workplace. Zohar (1920) One of 

the leading organizational scientists has defined 

organizational culture as the common understanding 

of individuals about the organization in which they 

work. According to Lundberg (1922), organizational 

culture is the determinant of individual safety 

behavior. Organizational culture mainly affects the 

value system, attitudes and behaviors. 

In general, it can be said that theories of accidents’ 

causes have been developed in four stages: 

The first stage, the technical period: In this period, 

most accidents were attributed to mechanical 

performance, design errors and tool defects. 

The second stage, the human period: with the 

advancement of technology, accidents were attributed 

to the lack of proper use of these tools by humans. 

Third stage, socio-technical period: In this period, the 

lack of proper interaction between individuals and 

mechanical systems is the cause of accidents. 

The fourth stage, the cultural period: This period is a 

combination of the previous three stages. The cultural 

course emphasizes the importance of the environment 

and other factors in the organizational context. 

 

5. Research Methods 
In conducting this research, both qualitative and 

quantitative methods have been used. In the 

qualitative phase, semi-structured interviews were 

used and interviews were conducted with specialists 

who have at least 10 years of experience in working 

on ships and are familiar with technical matters and 

pay special attention to the reported cases. After the 

interview and gaining access to the research 

components, a questionnaire was prepared in a small 

part and for more people according to the statistical 

community of ports (from managers and experts of 

public relations and senior managers in the Ports and 

maritime Organization headquarters (11 ports), based 

on the method The whole census was distributed 

among all members of the statistical population (118 

people). 

 

5.1. Statistical population, study population and 

sampling method 

10 people were selected as the statistical population of 

this study and they were interviewed. quantitatively, 

the statistical population is the number of public 

relations of 11 ports in Iran, which is about 118 people. 

The sampling method is due to the small number of 

statistical population. In the data extraction stage, 18 

questionnaires were removed due to incomplete 

answers and only the data of 100 questionnaires were 

analyzed. 

 

5.2. Data collection tools 

Gathering the information of the qualitative phase in 

this research will be the interview and the tool of the 

quantitative phase will be the questionnaire. 

Therefore, to collect information, we will be 

extremely cautious to have a specialized analysis 

based on objective experience. Accordingly, we will 

use observation, interviews, databases and 

questionnaires to provide more objective information 

for data processing. In the qualitative phase, the 

method of interviewing educated experts with 

communication expertise was used and a quantitative 

questionnaire was obtained based on the identified 

variables. In the theoretical phase, the library method 

and related sites are used. Observations, interviews 

and databases will be used to extract qualitative data 

on the experience of using public relations strategies 

in the Ports and Maritime Organization and a 

questionnaire will be used to weigh and collect 

quantitative data.  
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5.3. data analysis method 

To evaluate the qualitative data, Max QD software has 

been used to evaluate and identify the research 

components as well as to present a qualitative model. 

The regression method has been used to test the 

hypotheses and to evaluate the effect of the 

dimensions of the research variables. 

 

5.4. Validity 

Validity is a term that refers to the purpose for which 

the test was designed to be performed. Researchers use 

different types of this test to measure their 

instruments. This concept answers the question that 

measurement tools measure the desired feature to 

some extent. Without knowing the validity of the 

measurement tool, the accuracy of the data obtained 

cannot be guaranteed [12]. Validity tests can be 

grouped under three general headings: content 

validity, standard validity and construct validity [13]. 

Content validity basically means to what extent an 

empirical tool covers the content domain of a concept. 

This narrative uses tools and questions that deal with 

the main concepts of the research subject. And checks 

if he answers to the questions are relevant and clear. 

Form validity is one of the types of content validity. 

form validity considers the extent to which test 

questions are similar in appearance to the subject 

being prepared for measurement and if the questions 

are useful for measuring variables. In fact, form 

validity cannot be a kind of validity, but only a feature 

of the test that is useful in some cases. In some tests, 

especially recruitment tests, if the test lacks form 

validity, the test taker may not be interested in 

answering the questions, as it may be thought that the 

test is based on employment decisions and has nothing 

to do with the volunteer qualifications [14]. 

 

There are two ways to check the content validity of the 

test: 

Content validity ratio index (CVR) 

This index is designed by Lavshe. In order to calculate 

this index, the opinions of experts in the field of test 

content are used and by explaining the objectives of 

the test to them and providing them with operational 

definitions related to the content of the questions, they 

are asked to categorize each question based on Likert 

three-part Classification of the "item is necessary", 

"item is useful but not necessary" and "item is not 

necessary". Then, the content validity ratio is 

calculated based on the on the number of experts who 

evaluated the questions, the minimum acceptable 

CVR value should be based on the table below. 

Questions with CVR calculated value of less than the 

desired amount according to the number of experts 

evaluating the question, they should be excluded from 

the test because they do not meet the acceptable 

content validity based on the content validity index. At 

this stage, the opinion of 15 experts has been used.  

 

 

 

 
 

Content validity index (CVI) 

The Waltz and Basel method is used to examine the 

content validity index. Experts define each item as 

"relevant," "clear," and "simple" based on a four-part 

Likert scale.  

Experts rate each item as 1 "not relevant", 2 "relatively 

relevant", 3 "relevant" and 4 "completely relevant". 

The simplicity of the item is 1 "not simple", 2 

"relatively simple", 3 "simple", to 4 "simple and 

relevant", respectively, and the clarity of the item from 

1 "not clear", 2 "relatively clear", 3 “clear", 4" is clear 

and relevant".  

 

 
The minimum acceptable value for the CVI index is 

0.79, and if the CVI index is less than 0.79, that item 

should be removed. In this research, each method has 

been used for the content validity of the questionnaire. 

The researcher has involved 15 persons including 

shipping managers, professors and consultants. For 

CVR items, the options are "necessary item", "item is 

useful but not necessary" and "item is not necessary", 

and for CVI items the options are "not relevant”, 

“relatively relevant”, “relevant”, "quite relevant", "not 

simple", "relatively simple", "simple", "simple and 

relevant", "not clear", "relatively clear", "Clearly", 

"Clearly and relevant". The minimum CVR for 15 

specialists should be at least 0.75. After collecting 

CVR data, all items with value of more than 0.79 were 

calculated. The minimum CVI value must be at least 

0.49. After collecting CVI data, all items were 

calculated equal to or greater than 0.79. Therefore, all  

the statements were considered appropriate by experts 

and approved. 

  

5.5. Reliability 

The reliability or reliability of a measure, shows the 

stability and logical coordination of the answers in the 

measurement tool and helps to evaluate the 

"correctness or appropriateness" of a measure. In other 

words, the reliability of the questionnaire means 

whether the measurement tools used in the research 

will achieve the same results under the same 

conditions or. 
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One of the technical features of the measurement tool 

is reliability. Reliability refers to the extent to which 

measuring instruments produce the same results under 

the same conditions. The purpose of the reliability of 

a measuring instrument is that if we measure the 

characteristic with the same instrument under similar 

conditions, how similar, accurate and reliable the 

results are. A valid instrument has the feature of 

reproducibility and recreation [12]. There are several 

methods for measuring the reliability of the 

questionnaire, which will be used according to the 

characteristics of the tests, including repeating 

method, parallel method, halving method and 

Cronbach's alpha coefficient. In this study, because of 

the different characteristics, Cronbach's alpha method 

is used to determine the reliability. This method is 

used to calculate the internal consistency of measuring 

instruments such as questionnaires or tests that 

measure different characteristics. In such tools, the 

higher the alpha, the greater the validity of the scale. 

To calculate the Cronbach's alpha coefficient, we must 

first calculate the variance of the scores of each subset 

of the questionnaire questions and the total variance. 

Then, using the following formula, calculate the value 

of the alpha coefficient  

 

 
in this formula:  

J = number of questionnaire or test subset questions 

 = Variance under J test 

= The variance of the total test. 

 

The value of the alpha depends on the individual 

items. To increase the alpha value and thus increase 

the scale reliability, all unstable items must be 

removed. For this purpose, it is necessary to check the 

alpha value by deleting each specific ite. After 

entering the data into the software and estimating the 

reliability of the questionnaire, the Cronbach's alpha 

coefficient for each of the indicators and its total 

amount are calculated. 

 

6. Research findings 
Statistical result of the first hypothesis 

Regression test was used to test this hypothesis. Since 

the significance level (sig) of the test is less than 0.05, 

the first hypothesis of the research has been 

confirmed. In other words, the dimensions of public 

relations affect the problems of seafarers and also the 

correlation rate is equal to 0.198, which indicates that 

this level of impact is below average. 

 

Statistical result of the second hypothesis 

Regression test was used to test this hypothesis. Since 

the value of significance level (sig) of the test is less 

than 0.05, the second hypothesis of the research has 

been confirmed. In other words, the dimensions of 

public relations affect the liability to shareholders and 

also the correlation rate is equal to 0.293, which 

indicates that this level of impact is below average. 

 

Statistical result of the third hypothesis 

Regression test was used to test this hypothesis. Since 

the value of the significance level (sig) of the test is 

less than 0.05, the third hypothesis of the research has 

been confirmed. In other words, the dimensions of 

public relations have an impact on maritime accident 

management and also the correlation rate is equal to 

0.319, which indicates that this level of impact is 

below average. 

 

Statistical result of the fourth hypothesis 

Regression test was used to test this hypothesis. Since 

the value of the significance level (sig) of the test is 

less than 0.05, the fourth hypothesis of the research 

has been confirmed. In other words, the dimensions of 

public relations have an impact on maritime accident 

crisis management and also the correlation rate is 

equal to 0.401, which indicates that this level of 

impact is at a moderate level. 

Statistical result of the fifth hypothesis 

Table 1. Minimum acceptable CVR based on the number of evaluating experts 

CVR Number of 

experts 

CVR Number of 

experts 

CVR Number of 

experts 

0.37 25 0.59 11 0.99 5 
0.33 30 0.56 12 0.99 6 
0.31 35 0.54 13 0.99 7 
0.29 40 0.51 14 0.75 8 

  0.49 15 0.78 9 

  0.42 20 0.62 10 
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Regression test was used to test this hypothesis. Since 

the value of the significance level (sig) of the test is 

less than 0.05, the fifth hypothesis of the research has 

been confirmed. In other words, the dimensions of 

public relations have an effect on the protection of 

interests and also the correlation rate is equal to 0.456, 

which indicates that this level of impact is at a 

moderate level. 

 

Statistical result of the sixth hypothesis 

Regression test was used to test this hypothesis. Since 

the value of the significance level (sig) of the test is 

less than 0.05, the sixth hypothesis of the research has 

been confirmed. In other words, the dimensions of 

public relations affect the demand for seafaring and 

also the correlation rate is equal to 0.327, which 

indicates that this level of impact is below average. 

 

Statistical result of the seventh hypothesis 

Regression test was used to test this hypothesis. Since 

the value of the significance level (sig) of the test is 

less than 0.05, the seventh hypothesis of the research 

has been confirmed. In other words, the dimensions of 

public relations affect marine culture and also the 

correlation rate is equal to 0.456, which indicates that 

this level of impact is at a moderate level. 

 

Statistical result of the eighth hypothesis 

Regression test was used to test this hypothesis.  Since 

the value of the significance level (sig) of the test is 

less than 0.05, the eighth hypothesis of the research 

has been confirmed. In other words, the dimensions of 

public relations have an effect on reducing sailors' 

concerns and also the correlation rate is equal to 0.319, 

which indicates that this level of impact is below 

average. 

 

Statistical result of the ninth hypothesis 

Regression test was used to test this hypothesis. Since 

the value of the significance level (sig) of the test is 

less than 0.05, the ninth hypothesis of the research has 

been confirmed. In other words, the dimensions of 

public relations affect the maritime culture and also 

the correlation rate is equal to 0.548, which indicates 

that this level of impact is at a moderate level. 

 

Statistical result of the tenth hypothesis 

Regression test was used to test this hypothesis. Since 

the value of the significance level (sig) of the test is 

less than 0.05, the tenth hypothesis of the research has 

been confirmed. In other words, the dimensions of 

public relations have an effect on improving the 

quality of seafarers' training and also the correlation 

rate is equal to 0.459, which indicates that this level of 

impact is at a moderate level. 

 

7. Discussion and Conclusion 

Since communication in the organization is a tool to 

achieve the desired goal, the tasks within the public 

relations of the organization include understanding 

and empathy with the employee in ways to gain their 

trust. The more people are trusted, the better the 

response will be. One of the tasks of public relations 

is to communicate effectively. One of the most 

important tasks of public relations is to build trust, 

culture, and the most important task of public relations 

is to influence public opinion in order to gain positive 

public opinion towards the organization. 

Communication in public relations includes the 

pattern of informing, policy-making, gathering and 

summarizing the views of the people, which can 

finally be evaluated by monitoring the performance of 

public relations through various medias. Establishing 

proper communication with the press, radio, 

television, and news agencies and using them 

optimally to "inform" the people is one of the duties of 

public relations. On the other hand, cultural activities 

of public relations including participation in holding 

seminars, gatherings and advertising coverage, and 

evaluating public opinion is a highly important in 

public relations. Accordingly, the development of 

telecommunications and international communication 

and the emergence of the globalization phenomenon 

have increased the importance and priority of 

communication and information processing and has 

made public relations play a decisive role in the 

competition, conflict and international solidarity and 

the development of convergence and understanding 

among the nations. In this regard, the maritime 

transport industry is considered one of the largest 

international industries and at the same time the most 

critical of them. meanwhile, maritime jobs and related 

activities are considered as sensitive and difficult jobs. 

Therefore, the World Maritime Organization, which is 

the main authority of the maritime transport sector, has 

considered paying attention to maritime safety issues 

as one of its most important tasks, and with the 

formation of the Maritime Safety Committee, which is 

the senior technical committee of the World Maritime 

Organization, Deals with maritime safety. over the 

past decades the committee has enacted laws and 

regulations and instructions related to safety such as 

setting standards, qualifications and protection of 

seafarers, safeguarding the lives of people at sea and 

marine reconnaissance and rescue, which are 

implemented by The member states of the World 

Maritime Organization that have played an effective 

and undeniable role in improving and strengthening 

maritime safety. A review of the resolutions of the said 

organization shows the fact that in all regulations, the 

human factor is taken into account and since the 

human factor can affect or be affected by safety, 

security and the marine environment, maritime safety 

regulations covers a wide range of human activities, 

from ship crew activities to port and coast 
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management. In this study, due to the importance of 

the research topic, in the first phase, after evaluating 

the research literature, the qualitative method and 

interview tools were used to identify the relevant 

dimensions and then by evaluating the research 

hypotheses, it was determined that public relations 

strategies have its own impact and the impact was 

approved by the results. So what is being argued is that 

the maritime industry is different from other industries 

not only in appearance but also in internal dimensions, 

and this industry, despite the existing efforts to 

deregulate and move towards globalization, also 

pursues its own policies. This industry is directly 

related to natural and environmental resources and 

lead to the recognition of the sensitivity of the role of 

public relations, which should accurately present the 

role of information inside and outside the organization 

and the educational development role for the 

personnel. Today, the economic value of the port and 

maritime industry is measured by safety and 

environmental protection criteria, and public relations 

as a key intermediary between the organization and the 

external environment plays a vital role and can 

facilitate communicate at organizational, inter-

organizational, national and international level.  

 

7.1. Research suggestions 

- It is suggested that the role of organizational culture 

in relation to the performance of port public relations 

in different cities be evaluated comparatively. 

- It is suggested that the type of intra-organizational 

communication between employees and managers and 

the different aspects affecting the promotion of this 

communication be examined with the approach of 

public relations activities. 

- It is suggested that the social resources of the 

organization be examined in relation to public 

relations activities. 

- It is suggested that knowledge management in public 

relations be examined qualitatively among employees 

and managers of public relations in the Ports and 

maritime Organization offices in different cities. 

- It is suggested that the role of social media compared 

to other forms of media in public relations activities be 

examined and linked dimensions to public relations 

activities be identified. 

- It is suggested that the degree of employee 

participation in order to develop the public relations 

activities of the Ports and maritime Organization be 

examined form the employees and the managers’ 

points of views comparatively. 
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