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Abstract 
 
The immersed sensor data in Alexandria Eastern Harbor (AEH) are analyzed to explore 
the relation between latent heat flux (LHF) from the AEH and the sea surface 
temperature (SST). Output results represent that the LHF continued to rise with 
SST≥292K, while LHF increases with decreasing SST at SSTs lower than 292 K, However, 
the relationship cannot be expounded by thermodynamic investigation alone. 
Consequently, the analysis of humidity differences (Δq) and wind speeds represent 
that the Δq primarily determines the sharp increase in LHF while at high SST, and a 
decrease in wind speed is mostly responsible for the low LHF at low SST. The temporal 
analysis of the two time periods, namely ≤90 days (seasonal time scale) and ≤30 days 
(monthly timescale), reveals that high LHF above warm SST was operative on the two 
time periods. The cross-correlation between SST and LHF on these time periods was 
characterized by a one-day lag with correlation coefficients of 0.47 and 0.25, 
respectively. 

Introduction 
 

The flux of latent heat in the warm water of oceans 
is a much crucial process in the interaction between the 
ocean and the atmosphere system. The flux of latent 
heat contributes as a second component after 
shortwave radiation of the sea surface energy budget 
(Zhang and McPhaden, 1995).  

 Knowledge improvement of the heat fluxes 
between the atmosphere and ocean is important and 
fundamental for understanding the climate system. The 
fluxes of ocean surface also perform an important 
function in decisive processes, such as the formation of 
deep water. The overall heat budget comprises two 
main components of radiation and turbulence. The 

radiation components are the shortwave and longwave 
radiation respectively absorbed and emitted by the 
ocean. The second is the turbulent components, which 
comprise the fluxes of latent (energy loss by 
evaporation) and sensible (energy loss or gain by 
convection) heat (Ruiz et al., 2008).  

The motion of the ocean and atmosphere is 
responsible for redistributing the sun energy arriving at 
Earth. The air - sea interaction (surface heat and 
momentum fluxes) plays an essential role or function in 
weather and climate determination through the 
distribution process (Murakami and Kawamura, 2001). 

The relationship between LHF and SST has been 
studied, but most studies are limited to the tropical 
Pacific (Zhang and McPhaden 1995). Zhang and 
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McPhaden (1995) studied the LHF and SST relationship 
using data from the moored buoy at the equatorial 
Pacific and found a threshold SST of 301 K. The LHF and 
SST relationship is contrasting below and above such a 
threshold. LHF increases/decreases with SST at low/high 
SST, revealing a relationship that cannot be 
demonstrated only by thermodynamic considerations. 
Analysis of the surface humidity gradients (Δq) and wind 
speeds indicated that the vertical humidity difference 
primarily defines the LHF at low SST and a sharp 
decrease in wind speed is mostly accountable for the 
low LHF at high SST. Zhang and McPhaden (1995) 
showed that the atmospheric process leading towards 
low LHF over high SST mainly relies on force on the 
seasonal time scale (period longer than 90 days). 
Increases in speed of wind can raise the sensible and 
latent heat loss from the ocean, decreasing the SST and 
the Δq. Consequently, the relationship between wind 
speed and LHF versus Δq can vary for the same unit SST 
change in different basins (Fairall et al., 1996, 2003). 
Nisha et al. (2012) suggested that the contrasting 
thermodynamic and dynamic processes of LHF at 
various ranges of SST help maintain the north Indian 
Ocean equilibrium temperature. Liu and Gautier (1990) 
studied the relationship between SST and LHF during the 
1982-1983 El Nino using satellite measurement of the 
surface variables. They fond that the anomalous SST 
change during the El Nino episode is well correlated with 
the anomalous LHF in the central and eastern equatorial 
and southern tropical Pacific. Moreover, high 
evaporation corresponds to the cooling of the ocean 
surface and vice versa.  

Comprehending the function or role of SST on LHF 
through its thermodynamic and dynamic effects is an 
important precondition to determine how the climate is 
preserved by the Earth through the transport of energy 
and its expected changes (Kumar 2017). Multiple studies 
focused on the role of SST on flux exchanges 
(Frankignoul and Hasselmann 1977; Wallace 1992; 
Zhang and McPhaden 1995; Barsugli and Battisti 1998; 
Wu et al. 2006, 2007; Gao et al. 2013; Nisha et al. 2012). 
Ramanathan and Collins (1992) showed that at high SST 
(>300K) the surface air is convectively unstable. The 
unstable area is subject to low level convergence, 
limiting the LHF due to low wind speed at the 
convergence center (Neelin and Held 1987; Liu 1988). 
Small LHF is observed in the eastern equatorial Pacific 
and Atlantic due to low wind speed and upwelling-
induced cold SSTs and in high latitudes due to poleward 
decrease of SSTs (Chou et al., 2003; Feng and Li, 2006). 
The Northern Arabian Sea and Bay of Bengal behave 
exceptionally in the temperature range of 25°C – 28°C. 
Considering the sensitivity of LHF to SST (Kumar et al. 
2017), air temperature increases faster than SST and 
favors a decrease in surface air humidity difference as 
the SST rise in these basins, resulting in a decrease in 
LHF. The heat fluxes between air and sea are 
considerably components of the climate system, while 
the atmosphere and ocean exchange energy and retain 

the system of the Earth in a ''balanced'' climate state 
(Kumar et al. 2017). LHF is the heat utilized to evaporate 
water from the ocean, resulting in surface Ocean 
cooling, which is allowed to leave to warm the 
atmosphere during vapor condensation to form clouds 
(Taylor et al. 2003). LHF also plays a centric role in 
coupling the ocean and the atmosphere. This coupling 
involves thermodynamical and dynamical (e.g., flux–
SST) feedbacks between the atmosphere and ocean. 

Sobel (2003) and Seager et al. (2003) investigated 
the SST–heat flux response or feedback in the context of 
global energetics. Sobel (2003) proposed that the deep 
convective clouds above the warm water decrease the 
amount of solar radiation at the surface, which must be 
maintained by the LHF. 

The Mediterranean Sea is a deep, semi enclosed 
and tideless sea. The Sicily Strait is relatively shallow, 
causing a degree of isolation between the Western and 
Eastern Mediterranean, while the Adriatic and Aegean 
seas are also semi closed expansions of the original 
water body. Evaporation is around three times more 
than precipitation in the Mediterranean Sea. The 
evaporated water vapor from the Mediterranean Sea 
can be transported above land regions, demonstrating 
heat energy loss during condensation. Consequently, 
evaporation, condensation, and overland 
transportations are important procedures and 
mechanisms for water relocation in the atmosphere 
(Lolis et al., 2004). The Mediterranean Sea circulation is 
mainly determined by the exchange of freshwater and 
heat between the sea and atmosphere (Sanchez-Gomez 
et al., 2011). Such an exchange depends on the ocean 
characteristics and meteorological conditions. The 
water and heat fluxes play a key role in the formation of 
dense water and in the Mediterranean Sea 
thermohaline circulation (Béthoux et al., 1999). 
Consequently, both affect the characteristics of the 
water mass of the Mediterranean Sea (Béthoux et al., 
1999; Potter & Lozier, 2004; Millot et al., 2006). 

The current study aims to define and investigate 
the relation between sea surface temperature (SST) and 
latent heat flux (surface evaporation) of Alexandria 
Eastern Harbor (AEH) using hourly data obtained from 
the immersed sensor.  

 

Material and Methods 
 

The AEH is a shallow, nearly enclosed, and 
semicircular basin (Figure 1). This harbor occupies nearly 
a central part of the Alexandria coast with an area of 
approximately 2.80 km2. AEH is linked to the 
Mediterranean Sea via two outlets or openings: the 
main central outlet is called El-Boughaz and the second 
outlet is called El-Silsila. The slopes of the harbor seabed 
are gradually seaward with an average depth of 5 m into 
the AEH and reach a maximum depth of 13 m at the 
extreme eastern corner of El-Boughaz (Hussein & El-
Geziry, 2014; Hussein, 2018; Hussein, 2019). 
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The dataset used in the present work comprises 
the continuous hourly SST records from June 01, 2019 to 
May 29, 2020. This dataset illustrates the following 
available continuous records from the device: (LTC – 
Level Logger), temperature, and conductivity logger 
immersed approximately 1.5 m under the water surface 
in AEH.  

Meteorological data (air temperature, relative 
humidity, wind speed and dew point temperature) were 
available for the study period (June 01, 2019 to May 29, 
2020). The meteorological hourly data time series under 
investigation was taken from the following website: 
http://www.wunderground.com 

The algorithm, which is used in this study to 
estimate the surface heat, moisture, and momentum 
fluxes, is similar to the types of algorithms that are 
typically used for the computation of ocean surface 
fluxes (Zhang & McPhaden, 1995; Zeng et al., 1998; 
Renfrew et al., 2002; Fairall et al., 2003; Hussein, 2019). 
Sensible heat (Fh), latent heat (Fq) (LHF), and momentum 
(Fm) fluxes (W/m2) are calculated with bulk aero-
dynamic methods (Zhang & McPhaden, 1995; Abbasi et 
al., 2017; Hussein, 2019). 

 
𝐹ℎ =  𝜌𝑎𝐶𝑝𝐶ℎ𝑈𝑧(𝑇𝑠 − 𝑇𝑎)                                            (1) 

 
𝐹𝑞 =  𝜌𝑎𝜆𝐶𝑒𝑈𝑧(𝑞𝑠 − 𝑞𝑎)                                               (2) 

 
 𝐹𝑚 = 𝑝𝑎𝐶𝑑𝑈2                                                                (3) 

 
Where ρa is the air density (kg/m3); Cp is the specific 

heat of the air (1005 J/kg. k); Ch, Ce and Cd are sensible 
heat, latent heat and momentum transfer coefficients, 
respectively; Uz is the wind speed at height z above the 
surface water (m/s); Ta and Ts are air and sea surface 
temperatures (°C), respectively; qs is the saturation 
water vapor at water surface temperature (kg/kg); qa is 
the specific humidity (kg/kg); λ is the latent heat of 

vaporization (J/kg). The rest of the equations used in this 
manuscript could be found in detail in the following 
references: Zhang & McPhaden, 1995; Abbasi et al., 
2017; Hussein, 2019. 

 

Results  
 

As essential information, the distribution of SST, 
temperature and humidity difference of air-sea and 
wind speed is represented in (Figure 2) as frequency 
distribution. The SST frequency distribution is equally 
skewed for high and low SSTs: approximately 37.63% of 
the total observation falls between 286 K to less than 
292 K (low SST), while 37.08% of the total observations 
fall between 298 k and less than 304 k (high SST); only 
25.27% of the remaining observations have SSTs 
between 292 k and less than 298 k. Wind speed 
frequency distribution is skewed to low wind speed from 
0 to less than 4 m/s (54.39%) rather than high wind 
speed from 4 m/s to less than 10 m/s (45.6%). The 
distribution of temperature difference (SST-Ta) is highly 
skewed: approximately 60.43% of the total observations 
have SST>air temperature, while approximately the 
remaining 39.56% of the total observations have 
SST< air temperature, indicating that the atmospheric 
boundary layer in the Eastern Harbor is mostly unstable. 
The humidity difference distribution is moderately 
skewed approximately 27.47% of the total observations 
fall between 0 less than 4 g/kg, 47.52% fall between 
larger than 4 and less than 8 g/kg and 25% fall between 
8 and less than 11 g/kg.  

 
Exchange Coefficients  
 

The exchange coefficients (Ch and Cd) measure the 
exchange capability of fluxes (heat, moisture, and 
momentum) between the ocean/sea and the 
atmosphere. These coefficients depend on the wind 

 

Figure 1. The location of National Institute of Oceanography and Fisheries (NIOF) at Alexandria Eastern Harbor (AEH) where the 

level logger (LTC) has been installed since May 2019 (El-Geziry 2013) 
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speed and air stability. Figure (3) represents the scatter 
plot of Ch and Cd versus (function of) wind speed for the 
full data available. Drag coefficient Cd increases from 
1.07 x 10-3 at 4 m/s to 1.43 x 10-3 at 9 m/s, while heat 
coefficient Ch raise from 1.12 x 10-3 to 1.32 x 10-3. Ch and 
Cd dramatically increased considering unstable 
conditions and decreasing wind speed (less than 4m/s). 
By contrast, small Ch and Cd are observed at a low value 
of wind speed during the stable boundary layer. The 
dependence of the exchange coefficients on wind speed 
is observed in Figure 3, which is consistent with that in 
the former study (Hussein, 2019). Cd and Ch (at low wind 
speed) scattered, indicating that the considerable 
dependence of Ch and Cd on stability conditions of the 
surface layer. 

SST and LHF  
 

SST generally has a direct relationship with 
evaporation from the water surface. qs exponentially 
increases with SST (Zhang & McPhaden, 1995). If no 
substantial change in surface air relative humidity is 
observed, then evaporation from surface water will rise 
with increasing SST. Figure (4) left panel represents the 
relationship between SST and LHF. The scatterplot 
generally represents that LHF increases as SST rises as 
shown in Figure (4), demonstrating a high standard 
deviation of 47.3732 and an almost low R2 value of 
0.4528.  

The right panel of Figure 4 represents the average 
value of the f LHF, and its standard deviation has been 

  

  

Figure 2. Frequency distribution of SST (upper left), temperature difference (upper right), humidity difference (lower left) and wind 
speed (lower right) 
 
 
 

  

Figure 3. Scatterplots of Cd (left), and Ch (right) x10-3 function of wind speed 
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estimated for each one sea surface temperature range. 
The average value of latent heat flux is indicated by the 
blue curve and the red and green curves respectively 
represent the one standard deviation above and below 
the average value. The LHF below 292 K (i.e., SST=286 k 
to SST<292 k) decreases with increasing SST. The slope 
of the latent heat flux data that coincides with SST below 
292 k is -0.61 W/m2 k. The LHF above 292 k (i.e., 
between SST=292 K and SST≤298 K) moderately 
increases with SST at the rate of 2.89 W/m2 k. The LHF 
for SST≥298k substantially increases at the rate of 12.76 
W/m2 k as shown in Table (1). High variability in standard 

deviations is observed at the three mentioned SST 
intervals under these SSTs.  

The LHF in Eq. (2) is characterized by the following: 
(1) the coefficient of thermal exchange, (2) the wind 
speed, and (3) the humidity difference (Δq=qs-qa). Zhang 
& McPhaden (1995) differentiated Eq. (2) considering 
sea surface temperature (SST) to determine the 
importance of the aforementioned parameters.  

 
𝛿𝐹𝑞

𝛿𝑇𝑠
=  𝐿𝑣𝑈𝛥𝑞

𝛿𝐶ℎ

𝛿𝑇𝑠
+  𝐿𝑣𝜌𝐶ℎ𝛥𝑞

𝛿𝑈

𝛿 𝑇𝑠
+ 𝐿𝑣𝜌𝐶ℎ𝑈

𝛿𝛥𝑞

𝛿 𝑇𝑠
        (4) 

 

  
Figure 4. The relationship between SST and latent heat (left panel). Mean value of latent heat flux for each one SST interval (right 
panel) and mean latent heat ± one standard deviation in each one SST.  
 
 
 

  

Figure 5. Relationship between SST and wind speed (left panel). Mean value of wind speed for each one SST interval (right panel) 
and mean wind speed ± one standard deviation in each one SST. 
 
 
 

  

Figure 6. Relationship between SST and Δq (left panel). Mean value of Δq for each one SST interval (right panel) and mean Δq ± one 
standard deviation in each one SST. 
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In the above differential equation (Eq. 4), Ch can be 
handled as a constant with sea surface temperature 
(SST). (Figure 5) right panel shows the dependence of 
wind speed on SST. The scatterplot illustrates that wind 
speed at SST<292 K decreases with slope -0.2 m/s k, 
while that at moderate SST 292 K≤SST<298 K is almost 
constant or independent on SST with slope 0.01 m/s k. 
Wind speed at high SST (i.e., >298 K) slightly increases 
with slope 0.06 m/s k.  

Figure 6 and Table 1 show the relationship 
between SST and Δq. The Δq increases with SST. The 
slope is 0.19 g/kg k for low SST between 286K and less 
than 292K, the slope is 0.26 g/kg k for moderate SST 
between 292 k and less than 298 k and that for high 

SST>298 K the slope is 0.68 g/kg k. Therefore, the 
increase rate of Δq is weak and high at low and high SSTs 
respectively.  

∂U/∂Ts and ∂Δq/∂Ts terms are positive at high SST, 
causing latent heat flux to increase with SST. ∂Δq/∂Ts 
term is dominated in increasing LHF with SST in Eq. 2. 
This term contributes 8.711 W/m2 K to the total latent 
heat change of 12.767 W/m2 K as shown in Table 1 and 
Figure 4. Moderate SST is similar to high SST with a low 
contribution of 0.677 W/m2 K of ∂Δq/∂Ts term to the 
total latent heat change 2.896 W/m2 K as shown in Table 
1. At low SST, terms ∂U/∂Ts and ∂Δq/∂Ts nearly have 
similar values and have opposite signs. The dominant 
effects in Eq. 2 at low SST due to the contribution of 

 

Figure 7. Anomalies of LHF as function of sea surface temperature (SST) on time periods ≤31 days (monthly anomalies) and ≤90 
days (seasonally anomalies). 
 
 
 

     

     

Figure 8. Time series of SST (upper left), LHF (lower right), U (upper right), and Δq (lower right)  
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∂U/∂Ts term yielded -0.121 W/m2 K as shown in Table 1 
and Figure 5. By contrast, the contribution of ∂Δq/∂Ts 
term is -0.119 W/m2 K in Eq. 2.  

The output results represented in Figures (4) to (6) 
indicate that the surface evaporation variations are 
specified initially or originally by thermodynamic (as 
demonstrated by Δq changes) at high SST, while surface 
evaporation changes are specified by wind speed 
variations (atmospheric dynamic) at low SST. It is 
comparatively not difficult to understand the function or 
role of thermodynamic in LHF because of the relation 
between SST and the saturation of water vapor. 
Otherwise, why the dynamics of the atmosphere 
combined with SST, take action to regulate the LHF is not 
obvious this needs some clarification.  

No discrepancy is observed between the output 
results or observations in this study, and the self-evident 
argument that the flux of latent heat should increase 
with increasing SST. However, a discrepancy is found 
between this intuitive argument and the output results 
at low SST, latent heat flux decreases with increasing SST 
(i.e., 286 K≤SST<292 K).  

 
Temporal Variability 

 
This section represents the temporal variability of 

the relations between sea surface temperature, 
humidity difference, surface wind and LHF. The clarified 
time series of the LHF are outlined against SST to 
demonstrate the dependence of the LHF on sea surface 

  

  

Figure 9. Time series of seasonal time period of SST (upper left), wind speed (upper right), LHF (blue line) and SST change (red line) 
(lower left), and humidity difference (lower right) 
 
 
 

 

Figure 10. Cross-correlation between SST and LHF on: ≤90 days 
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temperature (SST) on various timescales. Figure 7 
represents the LHF as a function of sea surface 
temperature on time periods ≤31 days (monthly 
anomalies) and ≤90 days (seasonal anomalies). The LHF 
has almost the same trend with different magnitude 
changes in anomalies in both time periods. On the time 
period ≤31 days, the LHF decreases with SST: SSTs ≤288, 
K, between 291 K and 290 K, between 291 K and 292 K, 
between 293 and ≤298 K and between 300 and ≤302 k. 
Meanwhile LHF increases between the following SST: 
288 K and 289 K, 290 K and 291 K, 292 K and ≤295 K, 296 
K and 300 K, and 302 k and ≤303 K (considering the high 
variability in LHF at high sea surface temperature i.e., 
above 299 K). A relationship is observed between LHF 
and SST on the time period ≤90 days. The LHF between 
293 K and <298 K, and between 300 K and 302 K 
decreases with SST. Meanwhile, the LHF above 298K to 
300K and between 302 and 303K increases with SST 
(Figure 8). 

The seasonal variation of SST shows an almost in 
phase relationship with LHF. Seasonal variation of Δq is 
also observed, representing a phase relationship with 
LHF. By contrast, no apparent seasonal variation is found 
in wind speed time series. ∂ (SST)/∂t is overlaid on the 
LHF time series in Figure (9) as the change of SST per day 
to represent the relationship between LHF and SST. 

The variations are present in the variables in AEH 
during the seasonal period, with a range of ±5 K for SST, 
±100 W/m2 for LHF, ±4 m/s for U (wind speed), and 
±5 (g/kg) for Δq (humidity difference). The LHF in this 
time period is nearly in a phase relationship with SST and 

Δq. High and low LHFs nearly respectively coincide with 
high and low SSTs with a few exceptions at some of SSTs. 
In addition to Δq, the SST change and LHF relationship 
indicate that the SST has an important role to defining 
the LHF in AEH.  

As a function of time-lag for ≤90-day time period 
(Figure 10), The SST and LHF cross-correlation 
represents a positive cross-correlation between SST 
change and LHF with a maximum of 0.47 at one-day 
time-lag. This finding indicates that surface LHF 
responds to the change in SST. The change in SST 
influences the humidity difference between air and sea, 
which is crucial in LHF values. 

The shape of the cross-correlation between SST 
and LHF for the time period ≤31 (Figure 11) is similar to 
that for a period ≤90 days. Figure 11 demonstrates that 
high SSTs lead to low LHFs and vice versa.  

As a function of time-lag for ≤30-day time period 
(Figure 11), the SST and LHF cross-correlation represents 
a positive cross-correlation between SST change and 
LHF, with a maximum of 0.25 at one-day time-lag. This 
finding also confirms that surface LHF responds to the 
change in SST for period ≤31 days as previously 
proposed for a period ≤90 days. 

 

Discussion 
 

A global analysis of LHF sensitivity to SST is 
performed, with focus on the tropics, Pacific Ocean, the 
North Indian Ocean (NIO) and South Atlantic Ocean 
(SAO). Several earlier researchers argue that 

Table 1. Linear regression slopes relative to SST   

 SST (k) SST (k) SST (k) 

 286 - <292 292 - <298 298 - <304 
∂Fq/∂Ts -0.612 2.896 12.767 
∂U/∂Ts -0.201 0.014 0.064 
∂Δq/∂Ts 0.194 0.260 0.682 
LρChΔq∂U/∂Ts -0.121 0.007 0.182 
LρChU∂Δq/∂Ts -0.119 0.677 8.711 

 
 
 

 

Figure 11. Cross-correlation between SST and LHF on: ≤31 days  
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evaporation is an important factor in regulating the 
tropical SST (Zhang and McPhaden, 1995). The 
variability of LHF and SST is related, it means that when 
the variations of the SST and LHF are negatively 
correlated, the atmosphere forces the ocean through 
the LHF, and that when the variations of the SST and LHF 
are positively correlated, the ocean forces the 
atmosphere (Jing et al. 2020). In the global oceans, the 
contributions of surface wind speed and the air–sea 
humidity gradient as functions of SST to the LHF 
variability are stronger and more pronounced in the 
tropical belt, especially over warm waters, with SST 
more than 298 K (Kumar et al. 2017). Gao et al. 2013 
studied the global changes in LHF and found that; 70% 
of the total temporal variations in LHF are contributed 
by Δq changes while the rest are contributed by wind 
variations. These results agreement with the current 
results, about 62.9% of the time period variations in LHF 
are contributed by Δq changes at moderate and high SST 
(SST≥292k) while about 37.1% are contributed by wind 
variations at low SST (SST<292K). Kumar et al. 2017 
demonstrated the following two processes may be 
happening in different basins, one of them dominates 
over the other and leads to either decrease of LHF loss 
or increase it at different rates with SST: Generally, wind 
as a function of SST decrease the LHF in the tropical 
warm waters. This is because low pressure systems form 
over warm waters in the tropical belt that support low-
level convergence and ascent of moist air. Surface winds 
are weaker over the convergence zones, and thus warm 
SST supports weaker winds and hence a decrease in LHF. 
Over warm waters, the saturation humidity of the near 
surface increases, thus increasing the vertical humidity 
gradient. Hence, increase in SST leads to an increase in 
the vertical humidity gradient, which then drives more 
LHF loss in the tropics.  

These two processes are happed in the current 
study as the following: Stable and unstable conditions 
have been located above AEH at low SST (i.e., between 
286 to <292K). This finding is due to the low level 
convergence under unstable conditions, covering the 
area of study (Neelin and Held 1987). In addition to low 
wind speed over the study area, the convergence 
situation induces LHF reduction with SST (1st Process).  

Sui et al. (1991) found that the LHF decreases with 
SST when surface wind interacts with SST (the boundary 
layer of ocean and atmosphere are coupled) due to the 
reduction in wind speed. This means that the 
atmosphere forces the ocean through the LHF (Jing et al. 
2020). This phenomenon is almost similar to the present 
results in the case of stable conditions at low SST as 
shown in Figures (4 and 5). Sui et al. (1991) confirmed 
that LHF characteristics can significantly vary with or 
without the coupling between the boundary layer of the 
ocean and atmosphere. LHF continued to rise with SST 
despite the absence of interaction between surface 
wind and SST due to the rise of Δq (Sui et al., 1991, Leyba 
et al. 2019). This situation is almost similar to the 
present results represented in Figure (4) at moderate 

SST (i.e., 292≤SST<298K). The wind speed is nearly 
constant at this SST interval as shown in Figure (5) 
(2nd process).  

LHF continued to rise with SST (positively 
correlated) under the aforementioned condition due to 
the rise of Δq at high SST (i.e., >298K): the wind speed 
slightly increases with SST at this interval of SST 
(2nd process). In this situation the ocean forces the 
atmosphere (Jing et al. 2020). The current result is 
consistent with that obtained by the following authors: 
Yu et al. (2012) who showed that trends of LHF and SHF 
can be explained primarily by air–sea specific humidity 
and temperature differences while wind speed plays a 
minor role, also they demonstrated that the seasonal 
variation in the spatial pattern of the SST trend over 
most of the Southern Ocean is consistent with the 
trends in LHF and SHF. Kumar et al. (2017) suggested 
that in the two North Indian Ocean basins (Bay of Bengal 
and north Arabian Sea) there is a net increase (decrease) 
of LHF with respect to winds (vertical humidity gradient) 
with increase in SST at annual time scale. Wu and You 
(2018) explained that the ocean-induced positive SST 
anomalies increase evaporation (LHF) and surface air 
humidity. Cherchi et al. (2018) and Vizy et al. (2018) 
demonstrated that the SST trends arise as one of the 
largest drivers of trends in heat fluxes (LHF and SHF) in 
South Atlantic Ocean and over the Extend Brazil Current 
Region (ExtBCR). A positive trend of SST triggers an 
increase of the air–sea specific humidity and 
temperature differences, leading to larger LHF and 
sensible heat flux (SHF) (Leyba et al. 2019). The current 
result at high SST is inconsistent with that obtained by 
the following authors: Weare et al. (1981) found that 
surface LHF in the tropical western Pacific, where SST is 
high, is smaller than its surrounding areas. Liu et al. 
(1993) computed the surface LHF utilizing the satellite 
data, thus yielding a similar distribution pattern. Zhang 
and McPhaden (1995) demonstrated that the LHF in 
equatorial Pacific decreases with SST at high SST due to 
sharp decrease in wind speed, which is particularly 
responsible for the low LHF. Herman (2015) 
demonstrated that in spite of climate change related 
positive trends in surface wind speeds over large parts 
of Southern Ocean, the range of the turbulent heat flux 
(LHF and SHF) variability has been increasing due to 
decreasing air-water temperature and humidity 
differences. Bay of Bengal and northern Arabian Sea 
(North Indian Ocean basins) behaves in an exceptional 
way in the temperature range of 25–28°C, for the 
sensitivity of LHF to SST (Kumar et al. 2017), as the 
temperature increases in these basins, air temperature 
increases faster than SST and favors a decrease in 
surface air humidity difference resulting in a decrease of 
LHF (Mathew et al 2020). 

These dynamical controls on LHF lead to 
agreement between the present observation and the 
intuitive argument, that is, LHF should increase with SST 
at high SST. Chen et al. (2015) and Han et al. (2016) 
demonstrated that the influence of the atmospheric 
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anomalies on SST is mainly reflected in the change of sea 
surface heat flux (LHF and SHF) driven by the change of 
local wind stress in the North Atlantic Ocean, this is 
another opinion could be taken into account in further 
future studies on AEH. 

 

Conclusion 
 

This study investigates the relationship between 
latent heat flux (LHF) and sea surface temperature (SST) 
in Alexandria Eastern Harbor (AEH) from June 01, 2019 
to May 29, 2020. The exchange coefficients (Ch and Cd) 
depend on the wind speed and air stability. Ch and Cd 
dramatically increased considering unstable conditions 
and decreasing wind speed (less than 4m/s). By contrast, 
small Ch and Cd are observed at a low value of wind 
speed during the stable boundary layer. The relationship 
between LHF and SST cannot be demonstrated by 
thermodynamic investigation alone. Analysis of 
humidity differences (Δq) and wind speeds represent 
that while at high SST the Δq primarily determines the 
sharp increase in LHF, and at low SST a decrease in wind 
speed is mostly responsible for the low LHF. Through the 
temporal analysis of the two time periods, ≤90 days 
(seasonal time scale) and ≤30 days (monthly timescale), 
giving to high LHF above warm SST were operatives on 
the two time periods. On these time periods, the cross-
correlation between SST and LHF was characterized by a 
one-day lag with correlation coefficients, 0.47 and 0.25, 
respectively. 
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