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ABSTRACT 
 
In this study, two different techniques have been applied to estimate the net surface heat flux 
(NSHF) of the Eastern Harbor. The first one based on equilibrium temperature which is easy and 
direct way to calculate NSHF from the sea in comparison to the traditional method (Bulk 
aerodynamic formula). This technique is based on short wave radiation, net long wave radiation 
and latent and sensible heat flux. Daily variability of NSHF has been studied during winter, spring 
and summer 2009-2010 and winter and summer 2010-2011, the surface meteorological data were 
collected from Nozha Air Port and sea surface temperature using the immersed temperature 
sensor at NIOF site. The out put NSHF values of the two techniques have the same trend and 
there are high correlation between them reached to 94% in winter 2009, 87% spring 2009, 97% 
summer 2010, 96% winter 2010 and 98% summer 2011. This gives us a good reason to apply the 
first technique to get NSHF. There is more heat loss (negative NSHF) during many days of the 
winter season and more heat gain (positive NSHF) during spring and summer seasons. Thermal 
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exchange coefficient varies from 6.55 (W m-2 °C -1) to 22.4 (W m-2 °C -1) and it has a direct 
relationship with wind speed and inverse relationship with (NSHF) and equilibrium temperature. 
 

 
Keywords: Alexandria Eastern Harbor; heat flux; equilibrium temperature; thermal transfer coefficient; 

enthalpy. 
 
1. INTRODUCTION 
 
Air-sea heat fluxes are crucial for understanding 
the role of the oceanic environment in the 
climatic processes as a main driver of the global 
atmospheric and oceanic circulations [1]. Air-sea 
heat fluxes are critical for the climate regulation 
and affect a number of significant processes for 
both ocean and atmosphere from the global to 
the local scale. They govern the oceanic and 
atmospheric circulation and they are important 
inputs in the numerical weather prediction 
models [2]. Energy arriving from the Sun is 
redistributed over the Earth mainly by the 
motions of the atmosphere and ocean. The 
interaction between air and sea, in terms of sea-
surface heat flux and momentum flux, considered 
at various time scales, plays a fundamental role 
in determining the weather and climate during 
this redistribution process [3].  
 
The heat balance is determined primarily by 
three radiative and two non radiative heat 
exchange processes. The absorption of direct 
and diffuse shortwave radiation from the sun and 
the atmosphere, respectively; the absorption of 
long wave radiation from the atmosphere; the 
emission of long wave radiation from the water 
surface; the exchange of latent heat between 
water surface and atmosphere due to 
evaporation and condensation; and the 
convective exchange of sensible heat between 
water surface and atmosphere [4-6].  
 
The water surface temperature tends towards an 
equilibrium temperature, defined as the 
temperature at which the net heat flux would 
theoretically be zero [4]. The equilibrium 
temperature would be identical with the air 
temperature at the water surface if radiative heat 
exchange were negligible [7]. Sea surface 
temperature (SST) assists us in understanding 
the ocean dynamics and climate studies from 
which, the ocean heat flux, is derived and is 
defined as the exchange of energy between the 
ocean and the atmosphere [8].  
 
It has been known that the estimated values of 
the heat flux are dependent on (1) the bulk 
aerodynamic formulas used to calculate the heat 

flux (2) the type of data acquisition (3) the spatial 
and temporal resolution of the data set [9].  
 
The aims of this study are to (1) estimate net 
heat flux of Eastern harbor, Alexandria, Egypt 
using different techniques (2) evaluate the 
equilibrium technique and its suitability to 
estimate net heat flux in case of comparison with 
bulk aerodynamic formula technique. 
 
1.1 Study Area 
 
Alexandria Eastern Harbor is a shallow, 
protected, semi-enclosed circular basin. It covers 
an area of about 2.8 km2 and occupies the 
central part of the coast of Alexandria. The 
southern part of the Harbor has been reinforced 
by concrete blocks. The Harbor is connected to 
the Mediterranean Sea through two openings: El-
Boughaz (main central outlet) and El-Silsila 
(northeast opening). The seabed within the 
Harbour slopes gradually seawards, with an 
average depth of 5 m inside the Harbour and a 
maximum depth of 13 m at the eastern corner of 
El-Boughaz [10,11]. 
 

 
 

Fig. 1. Alexandria Eastern Harbour and the 
location of NIOF where the Radar tide gauge, 
holding with both pressure and sea surface 

temperature sensors, are installed since 
November 2009 

 
Within the framework of collaboration between 
the Global Sea Level Observing System 
(GLOSS) and the Ocean Data Information 
Network of Africa (ODIN Africa), a tide gauge 
system has been installed on a sea wall at the 
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National Institute of Oceanography & Fisheries 
(NIOF) within Alexandria Eastern Harbour (AEH) 
Fig. 1. The system provides near real time data 
access using satellite communications with 
digital data recording capability and new 
radar/pressure water level sensors. In addition to 
the pressure sensor, a temperature sensor does 
also exist to record the sea surface temperature. 
 
2. MATERIALS AND METHODS 
 
The time series measurements (hourly) of sea 
surface temperature (SST) and surface 
meteorological parameters: air temperature (°C), 
dew point temperature (°C), relative humidity 
(%), wind speed (m/s) and atmospheric pressure 
(hpa) were used for various phases. SST and 
Meteorological data, collected from November 
2009 to September 2011, have been used to 
compute the effective back radiation, latent heat 
and sensible heat fluxes, and wind stress. The 
data collected during phase I (5/11/2009-
12/2/2010) (100 days), phase II (18/2/2010-
17/4/2010) (59 days), phase III (6/6/2010-
30/9/2010) (117 days), phase IV (1/11/2010-
16/2/2011) (108 days), while phase V (1/7/2011-
19/9/2011) (81 days). The SST was measured by 
immersed sensor (31.2128°N, 29.8854°E) at a 
depth 1.5 m. The heat budget components: QLh 
(latent heat flux), QSh (sensible heat flux), QLh + 
QSh (enthalpy), Qnet (net heat flux) are calculated 
from the observed data. Meteorological data has 
been measured by Alexandria Nozha Air Port 
meteorological station (about 5 km far away from 
AEH) and obtained through the following 
website:(http://www.wunderground.com/history/ai
rport/HEAX/2009/11/5/DailyHistory.html). 
 
2.1 Net Heat Flux Based on Equilibrium 

Temperature Method 
 
The net heat flux (Qnet) (W/m2) is expressed as a 
polynomial function of the model SST and can be 
linearized to first order [12-16] as the following:  
 

Qnet = k ∆ T      ∆ T = (Teq – SST)              (1) 
 
Where, Teq is the apparent atmospheric 
equilibrium temperature (°C). The equilibrium 
temperature (Teq), a hypothetical SST at which 
the net rate of surface heat exchange would be 
zero, depends on several heat exchange process 
that operate at the air-sea interface [16,17].  
 
The thermal exchange coefficient k (W/m2°C) is 
a key parameter and represents the sum              
of temperature-dependent heat exchange 

processes including sensible, evaporative and 
back radiative fluxes. Haney [12]; Ahmed and 
Sultan [17] and Abualnaja [16] have shown that a 
good approximation to Teq is: 
 

Teq = Tdew + Qs/k                                        (2) 
 
Where Qs is rate of incoming solar radiation per 
unit area (W/m2. °C) and T dew is the dew point 
temperature (°C). According to Edinger et al . 
[18]; Ahmed and Sultan [17] and Abualnaja [16], 
the thermal exchange coefficient (k) could be 
calculated from the following formula: 
 

k = 4.5 + 0.05*SST + (β + 0.47) f (W)        (3) 
 

Where  
 
β = 0.35 + 0.015*Tavg + 0.0012 (Tavg)

2        (4) 
 
 Tavg = 0.5 (SST + Tdew)                              (5) 

 
Several formula are summarized by Edinger et 
al. [18] for f (W), one of which is f (W) = 3.3 W 
when wind speed (W) is measured in m/s [16, 
17]. The daily mean values of incoming short 
wave radiation Qs are computed using the 
formula suggested by [16,19].  
 
2.2 Net Heat Flux Based on Bulk 

Aerodynamic Formula Method 
 
The classical bulk formulas [20,21] are used here 
to calculate the net heat flux. The net surface 
heat flux Qnet may be represented by: 
 

Qnet = Qs - Qu                                              (6) 
 
We use the formula which is derived by Reed 
[22]; Simpson and Paulson [23] to calculate Qs 
and the net upward flux (Qu) is: 
 

Qu = Qlw + QSh + LvEa                                 (7) 
 
The vertical flux of sensible and latent heat in 
equation (7) [24,25] is parameterized by bulk 
turbulent transfer formulas Rosati and Miyakoda 
[20]: 
 

QSh = ρ Cp Ch (Ts –Ta) U10                         (8) 
 

Ea = ρ Ce U10 {esat (Ts) – R*esat (Ta)}  
(0.622/ ρ)                                                    (9) 

 
Where Lv is the latent heat of vaporization 
((2.5x106 J/kg/°C)), ρ is the density of air (kg/m3), 
Cp is the specific heat of air at constant pressure 
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(1004 J/kg.K), U10 is the horizontal wind speed at 
the 10 m level (m/s), Ce and Ch equal to 1.1*10-3, 
esat is the saturation vapor pressure. Wind stress 
is computed by the following equation Ramu et 
al. [19]:  
 

τ = ρ Cd U10
2                                              (10) 

 
Where, Cd is the drag coefficient. 
 
3. RESULTS AND DISCUSSION 
 
The output net heat flux results obtained from the 
two mentioned techniques used in this study will 
be represented in detail, and then the 
comparison between these tow methods carried 
out. 
 
3.1 Net Heat Flux Based on Equilibrium 

Temperature Method 
 
The average values of sea surface temperature 
(SST), Dew point (Tdew), wind speed (W), 
exchange coefficient (k) and equilibrium 
temperature (Teq) are shown in Table 1.  
 
The short wave radiation value at the maximum 
SST reached to 178.1 W/m2, 290.48 W/m2, 
358.37 W/m2, 166.19 W/m2, and 353.46 W/m2 
during the all phases respectively. The 
correlation between the thermal exchange 
coefficient (k) and the wind speed (W) is high 
value during the all phases (0.96, 0.97, 0.96, 
0.97 and 0.99) respectively.  Also, the correlation 
between the net heat flux (Qnet) and the 
difference between equilibrium temperature and 
SST is high during phases I to IV (0.95, 0.83, 
0.96 and 0.92) respectively, while it is moderate 
high during phase V (0.67).  There is an inverse 
relationship between thermal exchange 
coefficient (k) and net heat flux (Qnet) and 
equilibrium temperature (Teq) during all phases 
under investigation. The minimum value of (k) is 
always occurred at the minimum value of wind 

speed. While the maximum value of (k) is 
occurred at the second maximum value of the 
wind speed during (phase-I, II and V), during 
phase-III it is occurred at the third maximum 
value of wind speed, and during (phase-IV) it is 
occurred at the maximum value of the wind 
speed.  
 
The relationship between thermal exchange 
coefficient (k) with equilibrium temperature (Teq), 
wind speed and net heat flux (Qnet) and also the 
relationship between net heat flux with (Teq – 
SST) during the first and third phases are 
represented in Figs. (2 & 3) (the selection of 
these two phases just for an example). 
 
3.2 Net Heat Flux Based on Bulk 

Aerodynamic Formula Method 
 
The daily variability of net long wave radiation 
(QlW), net heat flux, enthalpy (QLH+QSH) and wind 
stress have been presented in the Figs. (4 and 
5).  
 
3.2.1 During phase I  
 
The value of short wave radiation during the 
maximum SST reached to 178.25 W/m2, the 
average value of net long wave radiation is 79.75 
W/m2 and varied between 58.62 W/m2 and 
107.92 W/m2. The average value of net heat flux 
is 18.02 W/m2 and varied between -118.91 W/m2 
and 115.3 W/m2. There is a good correlation 
between enthalpy and wind stress as reflected in 
their graphical presentation Fig. 4. The linear 
correlation factor between these two parameters 
is 0.81. However, the maximum enthalpy 
coincides with the second maximum wind stress. 
While the former is 148.40 W/m2 which may be 
due to moderate wind speed (5.7 m/s) prevailing 
at that time, the later is 0.11 N/m2 associated 
with the maximum recorded wind speed (8.29 
m/s).

 
Table 1. Average parameters of SST, dew point tempe rature, wind speed, thermal exchange 

coefficient and equilibrium temperature for all ava ilable data 
 

Parameter/Phase I II III IV V 
SST (°C) 18.22 18.27 28.03 19.10 28.65 
(Tdew) (°C)  10.47 10.84 20.98 11.45 21.60 
Wind speed m/s 03.64 04.22 04.27 02.98 03.80 
Exchange coefficient (W/m2) 11.45 12.48 16.60 10.56 15.59 
Equilibrium temp (Teq) 23.89 30.96 43.09 26.49 45.58 
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Fig. 2. Relationship between thermal exchange coeff icient (k) with equilibrium temperature 
(Teq), wind speed and net heat flux (Q net) and relationship between net heat flux with 

 (Teq – SST) during phase-I 
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Fig. 3. Relationship between thermal exchange coeff icient (k) with equilibrium temperature 
(Teq), wind speed and net heat flux (Q net) and relationship between net heat flux with (Teq –  

SST) during phase-III  
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Fig. 4. net long wave radiation Q LW (W/m2), relationship between enthalpy (Q SW+QLW) ((W/m2) 
and net heat flux and wind stress (N/m 2) during phase-I (5/11/2009 – 12/2/2010) 

 
3.2.2 During phase II  
 
The value of short wave radiation during the 
maximum SST reached to 335.90 W/m2, the 
average value of net long wave radiation is 72.75 
W/m2 and varied between 43.52 W/m2 and 95.34 
W/m2. The average value of net heat flux is 
142.83 W/m2 and varied between 18.02 W/m2 
and 249.52 W/m2. There is a good correlation 
between enthalpy and wind stress. The linear 
correlation factor between these two parameters 
is 0.78. While the minima of the two parameters 
do not coincide with each other, the maximum 
enthalpy coincides with the maximum wind 
stress. While the former is 163.13 W/m2 which 
may be due to high wind speed (7.82 m/s) 

prevailing at that time, the later is 0.098 N/m2 
associated with the maximum recorded wind 
speed (7.82 m/s).  
 
3.2.3 During phase III  
 
The value of short wave radiation during the 
maximum SST reached to 361.95 W/m2. The 
mean values of net long wave radiation, net heat 
flux, enthalpy and wind stress were 52.56 W/m2, 
238.74 W/m2, 101.01 W/m2 and 0.023 N/m2 
respectively Fig. 5. 
 
The net long wave radiation, during this phase, 
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and 365.04 W/m2. While the enthalpy varied 
between 45.19 W/m2 and 183.10 W/m2 due to 
moderate wind speed (4.96 m/s) prevailing at 
that time, the wind stress varied between 0.003 

N/m2 and 0.06 N/m2. The linear correlation factor 
between the enthalpy and wind stress is 0.70, 
which reflects good relationship between them. 
The two maxima do not coincide with each other.  

 
Table 2. Root mean square error (RMSE), correlation , mean and standard deviation of the two 

NSHF methods 
 

  RMSE Correlation  Qnet1 Qnet2 SD-1 SD-2 
Phase-I 40.39 0.94 56.09 18.02 38.47 42.08 
Phase-II 28.47 0.87 149.69 129.25 36.71 41.02 
Phase-III 16.07 0.97 248.3 238.74 49.23 56.2 
Phase-IV 43.36 0.96 67.01 27.03 49.23 56.2 
Phase-V 13.41 0.98 257.08 246.81 36.58 42.62 

 

 

 

 
 

Fig. 5. Net long wave radiation Q LW (W/m2), relationship between enthalpy (Q SW+QLW)  
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Fig. 6. Net heat flux estimated based on equilibriu m temperature (Qnet1) and bulk 
aerodynamic formula (Qnet2) during the five phases 
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3.2.4 During phase IV  
 
The value of short wave radiation during the 
maximum SST reached to 175.01 W/m2. The 
mean values of the calculated parameters were 
81.01 W/m2, 27.03 W/m2, 50.34 W/m2 and 0.017 
N/m2 for the net long wave radiation; net heat 
flux, enthalpy and wind stress respectively.  
 
The net long wave radiation varied between 
46.80 W/m2 and 118.37 W/m2 and net heat flux 
fluctuated between -275.53 W/m2 and 103.13 
W/m2. There is a very good correlation of 0.88 
between enthalpy and wind stress. The 
maximum enthalpy coincides with the maximum 
wind stress. While the former is 291.92 W/m2 
with maximum wind speed (10.82 m/s), the later 
is 0.21 N/m2 with also maximum wind speed 
(10.82 m/s). 
 
3.2.5 During phase V   
 
The value of short wave radiation during the 
maximum SST reached to 377.48 W/m2. The 
mean net long wave radiation was 51.95 W/m2, 
net heat flux was 246.81 W/m2 and the means of 
the enthalpy and wind stress were 92.31 W/m2 

and 0.019 N/m2 respectively. The net long wave 
radiation varied between 37.28 W/m2 and 69.11 
W/m2 and the net heat flux changed between 
154.76 W/m2 and 333.12 W/m2. The correlation 
between the enthalpy and the wind stress during 
phase V is high; 0.85. While the minima of the 
two parameters do not coincide with each other, 
the maxima coincide with each other. This is the 
same trend between the two parameters as in 
phase II. The minimum enthalpy was 51.86 W/m2 
and that of wind stress was 0.006 N/m2. Both 
maxima occurred with 158.36 W/m2 for the 
enthalpy and 0.059 N/m2 for the wind stress due 
to maximum wind speed (6.24 m/s) prevailing at 
that time. 
  
4. COMPARISON BETWEEN NET HEAT 

FLUX RESULTS   
 
The daily values of estimated net heat flux during 
the five phases has been obtained from two 
different methods (equilibrium temperature and 
bulk aerodynamic formula) are represented in 
Fig. 6 with almost identical trend. The 
correlations between the two methods are high 
as shown in Table 2. The RMS in summer and 
spring are smaller than in winter Table 2. The 
standard deviation (SD) of the two methods for 
each phase is closed to each other. The mean 
value of the two methods are closed during 

phase III and V (summer), while the difference of 
the mean value during phase II (spring) is slightly 
increased, finally, during phase I and IV (winter) 
the differences in the mean values are more 
increased Table 2.   
 
5. CONCLUSION 
 
This manuscript here is one of series of research 
articles will apply on Eastern Harbor for studying 
this harbor in deep and in different aspects.  The 
magnitude of the short wave radiation is high 
during summer and low during winter (i.e. 
seasonally dependent), so air temperature; sea 
surface temperature (SST) and equilibrium 
temperature (Teq) are increases or decreases 
according to the season (i.e. seasonally 
dependent). Thermal exchange coefficient (k) 
value which is depends on SSt, Teq and wind 
speed values are also seasonally dependent, it is 
means that, k has high value during summer and 
low value during winter. The inverse relationship 
between net heat flux and thermal exchange 
coefficient clearly appear in summer and winter 
seasons, which means that when (k) in high 
value the Qnet in low value, this also agrees with 
seasonally dependent approach. Finally we can 
conclude that, the changes of all I/O parameters 
values in different phases (seasons) are 
seasonally dependent. 
 
The net heat flux values of the two techniques 
applied here (equilibrium temperature and bulk 
aerodynamic formula) have almost identical trend 
and the correlations between them are high. The 
present study is undertaken to demonstrate the 
capability of equilibrium temperature and thermal 
exchange coefficient to furnish estimates of the 
net heat flux at the air-sea interface in the 
Eastern Harbor, Alexandria. The values of short 
wave radiation (Qs), wind speed (W), dew point 
(Tdew) and sea surface temperature (SST) is 
sufficient to determine thermal exchange 
coefficient (K) and equilibrium temperature (Teq) 
and then to calculate net heat flux.  
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