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 Abstract 

The effect of winds and sea surface temperature on the concentration of 
chlorophyll-a, which is the primary source for phytoplankton to produce 
carbon through photosynthesis, is one of the climatic changes formed in 
the atmosphere and oceans that are the focus of current global studies. 
The study found a strong correlation between the concentration of chlo-
rophyll-a and wind speed. The concentration of chlorophyll-a rises with 
increasing wind speed and reaches 0.85. Conversely, the relationship 
between sea surface temperatures and chlorophyll-a concentration is 
inverse, meaning that the higher the sea surface temperatures, the lower 
the concentration of chlorophyll-a. The inverse relationship approaches -
0.798 in seawater. The intensity of chlorophyll-a concentration at sea 
and its relationship with wind speed and sea surface temperature explain 
why the percentage of the effect of variable wind speed and sea surface 
temperature on the concentration of chlorophyll-a is affected by (73.6%, 
63.8%) on the concentration of chlorophyll-a, respectively. 

 Keywords: Libya, Climate change, Sea Surface Temperature, 
Wind speed, Chlorophyll-a. 

INTRODUCTION 

The Mediterranean region, which lies between two latitudes 30-40 N0, has mild, wet winters 
and warm to hot, dry summers (Lionello et al., 2006). The Mediterranean Sea's limited nutrient 
availability for phytoplankton growth which is enhanced from west to east makes it an oligo-
trophic marine environment (Kotta & Kitsiou, 2019; Turley et al., 2000). The Eastern Mediter-
ranean Sea exhibits non-blooming traits, such as gradual increases in chlorophyll concentrations 
from summertime lows to wintertime highs (Kotta & Kitsiou, 2019). 

Because phytoplankton form the base of the marine food web and account for half of the 
planet's primary production, they play a crucial role in Earth's system (Kotta & Kitsiou, 2019). 
Additionally, climate change has a significant impact on marine environment microorganisms. 
The composition of microorganisms in the ocean is impacted by temperature rises, and this 
causes changes in the distribution of these organisms. It also has an impact on chlorophyll con-
centrations, which are markers of phytoplankton abundance and their critical role in the global 
carbon cycle, influencing changes in production (Gregg et al., 2003; Hays et al., 2005). 
Chlorophyll is impacted by heat, and wind currents, which carry water from the deep ocean to 
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the surface. Nutrient-rich water rises to the surface through a process known as spring and au-
tumn inversion (Feng et al., 2015; Kahru et al., 2010; Katara et al., 2008), and this is one of the 
main dynamic factors that can drive nutrients from deep water to the surface, which can create 
wind-driven upward and enhance vertical mixing. Therefore, it can control the production of 
phytoplankton during the stratified season (Hopkins et al., 2021). However, the relationship be-
tween wind and phytoplankton biomass varies by region and is dependent on factors such as 
water depth, latitude, and other environmental factors. Consequently, further research is re-
quired to properly comprehend how wind affects phytoplankton, particularly in coastal oceans 
with complex environments (Lin et al., 2023). Rushing to the sea's surface is the process of 
moving a large body of water from the deep water column to the surface. This rise results in a 
decrease in sea surface temperatures and an increase in chlorophyll-a concentration, which 
boosts fishery productivity. The fishing season can be identified by two indicators: temperature 
and chlorophyll-a (Wirasatriya et al., 2018). 

Libya is characterized by a long coastline, so some scholars have a major role in conducting 
some research on the Libyan coast. Statistical analyses show that the theoretical and experi-
mental distributions of chlorophyll concentration for phytoplankton abundances obtained by the 
model in chlorophyll concentrations and compared with field data collected in twelve marine 
sites along the Cape Passero (Sicily)-Misurata (Libya) transect agree well. As a result, satellite 
remote sensing has emerged as a promising technique for large-scale ocean studies because of 
the wide spatial coverage offered by portable observation platforms in space (Valenti et al., 
2017). 

Study objectives  
Find the effect of wind speed and sea surface temperature on chlorophyll-a, and know the 
strength of the correlation between the increase or decrease of chlorophyll in the Libyan coast 
with these factors. 

MATERIALS AND  METHOD 

Area study and data sources 
The search area is situated in Libyan waters across from the Mediterranean Sea, with latitudes 
of 30.360 to 35.54 0 and longitudes of 11.460 to 23.750 ,figure 1, From January 2003 through 
April 2023, the study used the Merrra-2 model for wind speed and the Aqua model for chloro-
phyll-a concentration and sea surface temperature. The data was obtained from Goddard Space 
Flight Center. 

 
Figure (1): Area study (https:// gsfc.nasa.gov) 
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Climate data analysis 
It is well known that the Mediterranean Sea has relatively low levels of chlorophyll, with levels 
rising in the west and falling in the east. By examining the concentration of chlorophyll-a, wind 
speed, and sea temperature from January 2003 to April 2023 and calculating the yearly average 
as presented in Figure 1, the Libyan shores are highly susceptible to temperature variations, as 
evidenced by the annual average temperature of the Mediterranean, which rises in the middle 
opposite the Libyan coast by approximately 22.5 C0 and falls in the east by approximately 22 C0 
(see Figure 2,c). This is in contrast to the decrease in chlorophyll-a quantities in the middle op-
posite the Libyan coast by approximately 0.1 mg.m-3, increases as we head west and reaches 
0.25 mg.m-3, and decreases to the east by a value of 0.13 mg.m-3a look at Figures (2,a) and 
(2,b), where the wind speed measured in meters per second (m/s) increases by approximately 
6.4–7 m/s, indicating a drop in temperature and an increase in levels of chlorophyll-a, and then 
drops to 6 m/s, indicating a rise in temperature and a decrease in chlorophyll-a . 

(a) Chlorophyll-a

(b) Wind speed

(c) SST

 

Figure (2): The annually average for (a) sea surface temperature (C0), (b) wind speed (m.s-1), and (c) chlorophyll-
a concentration (mg.m-3) from January 2003 to April 2023 . 

 
Statistical analysis of data and discussion 
For clarification, statistical techniques were applied in the current study. To ascertain the kind 
and degree of correlation between the two variables  wind speed (m.s-1) and sea surface tempera-
ture (C0) and the variable  chlorophyll-a concentration (gm.m-3) in the Mediterranean Sea close 
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to Libya's coast. Table 1 displays the Pearson correlation coefficient that was used in this study. 
There is a strong direct relationship of approximately 0.858 between wind speed and chloro-
phyll-a, and a strong inverse correlation of approximately -0.799 between sea temperature and 
chlorophyll-a. 

Table (1). Statistics 
 

Chlorophyll-a 
Wind speed Sea surface Temperature 

Number of Points 244 244 
Degrees of Freedom 242 242 
Residual Sum of Squares 0.18706 0.25725 
Pearson's r 0.85848 -0.79894 
R-Square (COD) 0.73699 0.6383 

 
From the above table, we find that the percentage effect of the independent variable wind speed 
- sea surface temperature on chlorophyll-a, the dependent variable, is equal to 0.737, 0.638, re-
spectively, meaning that wind speed - sea surface temperature affects by (73.6%, 63.8%) on 
chlorophyll-a, respectively. And the square of the correlation coefficient R is used to find out 
the percentage change in the dependent variable and by which the variable can be predicted in-
dependently, see table 2.  

Table (2).Summary 

 Intercept Slope 
 Value Standard Error Value Standard Error 

Chlorophyll-a Wind speed -0.1097 0.0092 0.03659 0.0014 
Sea surface Temperature 0.3463 0.0109 -0.0103 4.97E-4 

 
Subsequently, the impact of wind speed and sea temperature on chlorophyll-a was examined by 
taking both factors into account (as an independent variable) on chlorophyll-a (as a dependent 
variable) and analyzing the data of the two variables during the period (January 2003 - April 
2023) using a simple method for linear regression equation: 
y=a + b x 
Spread points between the two variables were plotted as follow: 
To determine the significance of the model's quality, we used analysis of variance. Because we 
observed a linear relationship and a level of significance for F that is less than 0.05, which indi-
cates that the independent and dependent variables are related and that the regression model is 
significant, we were able to reject the null hypothesis and accept the alternative. A significant 
figure whose outcomes are trustworthy is found in Tables 3, 4. 

Table (3). Parameters 

  Value Standard Error t-Value Prob>|t| 

Chlorophyll-a 
Wind speed 

Intercept -0.10977 0.00919 -11.93848 3.86885E-26 
Slope 0.03659 0.0014 26.04061 3.90919E-72 

Sea surface Tem-
perature 

Intercept 0.34629 0.0109 31.75995 2.76827E-88 
Slope -0.01026 4.965E-4 -20.66566 2.32116E-55 

Chlorophyll: Slope is significantly different from zero (See ANOVA Table). 
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Figure (3). Scatterplot of red scatter sea surface temperature (C0) - black scatter wind speed (m.s-1) with chloro-

phyll-a (mg.m-3). 

Based on the ANOVA table 3. To test the significance of the regression we note that the value 
of F is equal to 678.1-427.06 respectively, with a probability of 0.0001 less than 0.05, which 
indicates the quality of the regression model and that it is statistically significant, and therefore 
the existence of a relationship between the two. 

Table (4).ANOVA 

  DF Sum of Squares Mean Square F Value Prob>F 

Chlorophyll-a 

Wind speed 
Model 1 0.52417 0.52417 678.1132 <0.0001 
Error 242 0.18706 7.72982E-4   

Total 243 0.71123    

Sea surface 
Temperature 

Model 1 0.45398 0.45398 427.06953 <0.0001 
Error 242 0.25725 0.00106   
Total 243 0.71123    

Chlorophyll: At the 0.05 level, the slope is significantly different from zero. 

Wind speed Sea surface Temperature

(a) (b)y = -0.10977 + 0.03659*x y = 0.34629 - 0.01026*x

 
Figure (4). scatterplots for (a) wind speed (m.s-1) and (b) sea surface temperature (C0) ,  with the concentration of 

chlorophyll-a (mg.m-3) 
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variables show figure 4. We notice that the points approach the line of the regression equation 
and that the residual residuals are distributed according to the normal distribution, which is a 
condition for applying the regression equation, as shown in the figure 5. 
 

(a) wind speed and chlorophyll-a

(b)sea surface temperature and chlorophyll-a

 

Figure (5). Normal plot of regression residual 
 
As mentioned previously, the amounts of chlorophyll-a concentration in the Mediterranean are 
low, and this was evident in Figure 6 of the kernel density estimate analysis, which shows the 
chlorophyll –a concentration density with increasing or decreasing wind speed and temperature. 
The density of chlorophyll-a increases with increasing winds and reaches 1.08 when wind speed 
is 8 m/s-1 and amounts of chlorophyll-a are about 0.2  gm/m-3, while the distribution of concen-
tration density is large and reaches 1.7 when the chlorophyll-a is 0.1  gm/m-3, where Its density 
in the sea against wind speed is 5.5 m/s-1and the lowest density reaches 0.216, while the 
amounts of chlorophyll-a are about 0.29 gm/m-3 and the wind speed is about 10m/s-1, as shown 
in the frequency histogram for each of the winds and the concentration of chlorophyll-a in Fig-
ure 6.a. The nucleus density of chlorophyll-a concentration reaches 1.16 in the two cases of 
chlorophyll-a, reaching 0.2 and 0.05 gm/m-3 against temperatures 5.17 and 27.5C0, respectively, 
explaining the frequency histogram in Fig. 6b for both density concentration chlorophyll –a  
with increasing or decreasing with sea surface temperature. 
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(a)

(b)

 

Figure (6). Kernel density estimate of the concentration of chlorophyll-a (gm/m-3) with  with (a) wind speed(m/s-

1), (b) sea surface temperature(C0). 

CONCLUSION 

the world is currently bringing climate change in all land and ocean-related domains to light, 
and one of these changes is the effect of both sea surface temperature and wind speed on the 
concentration of chlorophyll-a, which is the main source of phytoplankton.  

In this study, the relationship between wind speed and chlorophyll concentration is revealed. A 
is strong, as the wind speed increases, the concentration of chlorophyll-a increases and reaches 
80.85, while the relationship is inverse between sea surface temperatures with the concentration 
of chlorophyll-a, as the higher the sea surface temperatures, the lower the concentration of chlo-
rophyll-a in seawater and reaches The inverse relationship is about -0.798, and using statistical 
analysis and the use of Pearson correlation, we find that the percentage effect of wind speed and 
sea surface temperature on concentration chlorophyll-a, is affected by (73.6%, 63.8%) on the 
concentration of chlorophyll-a, respectively, and that there is a relationship between climate 
factors and chlorophyll-a concentration; the relationship between the sea's chlorophyll-a con-
centration's kernel density and its rise and fall with sea surface temperature and wind speed has 
been made evident, as the Mediterranean Sea typically has lower chlorophyll-a concentrations 
than other oceans. 
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