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Abstract:
Remote sensing has been shown as the most 

efficient tool for coastal management. A major 
problem for mapping coastal area especially 
in developing countries is that it consume time 
indeed it very expensive. The present study aims 
to provide a simple statistical regression method 
to drive bathymetric map for the Arab’s Gulf 
shore zone, Western of Alex., Egypt, using the 
reflectance data derived from Landsat thematic 
mapper. The method was successfully tested 
achieved between measured and calculated depths 
points, and provides a simple and good facility 
for Geomorphologists to rich and   improves their 
both qualitative and quantitative results in the 
study area, and it is very important to note that, the 
successful application of the suggested logarithm 
needs to consider carefully differences in water 
attenuation coefficient values due to water column 
characteristics. Applying the suggested logarithm 
may not be appropriate for other scenes because 
the differences in water attenuation coefficient 
values due to water column characteristics.

Introduction: 
The Egyptian lands gets to be privileged to many 

geomorphological studies , although the great 
important results of coastal geomorphological 
studies which help decision makers in coastal area 
management ,yet however, there are a shortening  
efforts pointed to coastal geomorphological 
studied because very lacking of  detailed of 

bathymetric maps, which represent  a very useful 
tool for researchers of this geomorphological 
branch. Until if these maps were found, it has 
been very general details because it occurred by 
little field sample depth point, so, all Egyptian 
geomorphological studies treat great hardly only 
shore line and a minor zone of wave cut platform 
using qualitative description expressions  and 
faraway of scientific approach.
For previous condition, A geomorphologist 

faces challenges for studying both near and off 
shore sea bottom morphology, because gathering 
fundamental data using traditional means is 
generally time consume and also expensive.
Bars are important geomorphological features in 

near and offshore coastal zone, the term has been 
used to describe both merged and submerged 
bars are only exposed at low tide. All types of 
submerged bars typically obstruct natural and 
man-made outlets into the Sea, and are well-
known navigational hazards.( Nafaa, M.. & Frihy, 
O., 1993 ;Shoala, 2007,2008b)
The challenge is particularly facing poor 

developing countries where both skilled personnel 
and capital resources are limited. Remote sensing 
approach is considered to be a good option for 
such kind of studies. The method has the potential 
capability to provide quantitative information 
quickly and relatively inexpensively compared to 
the cost of employing researchers to observe an 
equivalent area with conventional methods.
Multispectral scanners are valuable tools for 

mapping the Earth’s surface. Passive sensors 
such as the Landsat Thematic Mapper (TM) 
measure reflected radiation from visible and 
infrared ranges of the solar spectrum. Many 
investigators have shown the value of applying 
satellite scanner data to mapping the shallow 
water environment, particularly utilizing the 
visible wavelengths which penetrate to greater 
water depths. Visible wavelengths (300-700 nm) 
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are optimum for light penetration to the sea floor 
hence allowing for the detection of variations in 
substrate reflectance Hence, Landsat TM bands 1, 
2 and 3 corresponding to visible blue, green and 
red of the electromagnetic spectrum, are suitable 
for sea bed topography mapping.( Mah,2007)
 There were many attempts to invention statistical 

and arithmetic models t0 derive bathymetric 
maps in shallow water zones to overcome of the 
previous problems facing researchers in coastal 
zone (Jupp, 1988; Bierwirth, et al, 1993; Gilabert, 
et al, 1995; Shaghude, 2004; Moufaddal, W., 
Rifaat A.E. 2006; Shoala, 2008a) all of these 
studies agreed among them that a derived 
bathymetric map model for particular location 
may be not valid to applied in another.  
 The main objective of this paper is to map 

shallow water bathymetry using Landsat 
Thematic Mapper visible range images along the 
Arab’s Gulf, Western of Alex., Egypt. 

Study area :
Because the approach assumes that the water 

column reflectance, due principally to suspended 
sediments and organic matter, remains constant 
over the scene, so the 
area which has been selected is characterized 

by shallow, clear waters, indeed, detailed 
bathymetric data are available. From point of 
view, these conditions apply on the southern site 
of the bay of the Arab’s Gulf, Western of Alex., 
Egypt (Fig.1). the study area, Astronomically, lies 
between latitude 28° 49´34” and 29° 28´ 51” east, 
and longitude 30° 49´ 14 and 30° 58´ 41” north, 
it extends about 70 k.m from west to east, with 
average width about 5.5 k.m, so, it covers about 
400 square kilometer, indeed, It is covered by a 
Landsat Thematic Mapper scene (WRS_PATH = 
178, WRS_ROW = 039). 

Methods :
Landsat image scene taken from Landsat 5 

TM (WRS_PATH = 178, WRS_ROW = 039) , 
acquired on 31 January 1999 was used for this 
study.(Fig.2). Many processes were achieved 
to take out the bathymetric map for the study 
area as show in figure 3, firstly, The land area 
is masked and the water in the bands tm1, tm2, 
tm3 corresponding to visible blue, green and red, 
then, it used for atmospherically corrected, using 
“dark pixel subtraction” based on the reflectance 
values from water areas deeper than the possible 
maximum depths of penetration.
Atmospheric correction effect is carried out using 

correction algorithm As follows( Mah,2007) 
Output PV I, J, K = Input Pv I, J, K – bias
Where:
Input PV I, J, K = input pixel value at line i and 

column j of band k
Output PV I, J, K = the adjusted pixel value at 

the same location
Bias = darkest pixel value. 
The digital numbers (DNS) converted to 

reflectance, and then it used to calculate natural 
logarithm values of reflection as following: 
Radiance, L = Bias + (Gain x DN) 
Note: Bias = Offset= Lmin 
(Gain and Bias from table: 1)

Table (1): Values of ESUN, Gain and Bias

Source: Coastwatch Caribbean Regional Node, 
Bilko, 2006

The apparent reflectance, which for satellite 
images is termed exoatmospheric reflectance, 
ρ, relates the measured radiance, L  to the solar 
irradiance incident at the top of the atmosphere 
and is expressed as a decimal fraction between 0 
and 1:
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Band ESUN Gain Bias
(Lmin)

TM1 195.7 0.6024314 -0.00768

TM2 182.9 1.1750981 -0.01501

TM3 155.7 0.8057647 -0.01068
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 (Source: Coastwatch Caribbean Regional 
Node, Bilko, 2006)

ρ = unitless planetary reflectance at the satellite 
(this takes values of 0-1.) 
π = 3.141593 
L = Spectral radiance at sensor aperture in mW 

cm-2 ster-1 m m-1 
 d2 = the square of the Earth-Sun distance in 

astronomical units =(1 - 0.01674 cos (0.9856 (JD-
4))) 2 where JD is the Julian Day (day number 
of the year) of the image acquisition. (Note: the 
units for the argument of the cosine function of 
(0.9856 (JD-4)) will be in degrees so multiply by 
ρ /180 to convert in radiance before taking the 
cosine. 
ESUN = Mean solar exoatmospheric irradiance 

in mW cm-2m m-1. (From table: 1)
SZ = sun zenith angle in radians when the scene 

was recorded. The zenith angle (SZ) is calculated 
by subtracting the sun elevation from 90° (p /2 
radians). 
The correlation analyses between different 

3bands with the measured values of the nature 
depths data showed that the algebraic sum of 
band 1 and 2 produces the best correlation 
(Fig.4, 5). The correlation analysis shows that the 
correlation between the LN1  of reflectance values 
of the two tm1,2 bands is very good (r = -0.9)so, 
LN algebraic sum reflectance values of the two 
TM1,2 bands can be used to estimate depth in 
shore of study areas in the regression form:
Z= -19.784*(LN algebraic sum reflectance 

values of the two tm1,2 bands)-21.948
Where Z= calculated depth

4. Results and discussion :
The derived bathymetric map revealed that 

the sea bed topography of the study area has 

irregular surface with a relative relief about 
19 meters. Many mounds of sand, sub- merged 
bars and troughs have been noticed. For the 
purpose of surface analysis for sea bed relief, the 
resulted bathymetric map provides a number of 
outputs. For example, cross section as (Figure 6) 
illustrates that existence of six main ridges of bar 
that can be obviously delineated. Also, a number 
of minor ridges, which superimposed on the main 
ridges, troughs (major or minor) can be depicted. 
Therefore, the quantitative analysis of the bottom 
slops can be achieved. 
3D view of study area (Figure 7) can be 

employed to draw number of morphological 
maps such as shaded relief, slope, aspect and 
bathymetric maps.  The enhancement processes of 
imagery reflectance adopted in the study in hand 
has significant impacts on delineating easily two 
Patterns of bars (Figure 8), both Crescentic and 
Oblique, this means that some questions such as 
how did these patterns were formed, which agent 
and processes give their morphological aspect…
etc. can be addressed. 
The results of statistical analysis for two cross 

section in (Figure 9) showed two main facts: the 
first, there are no significant differences between 
the values of the measured and the calculated 
depths points with 95% of confidence level. 
The second, the values of coefficient variance 
of calculated depths points (14%) is greater than 
measured depths points (4%). These figures 
consequently, mean that minor features - as 
ripple marks or minor troughs, in addition to 
mega ripples or bars and troughs features- appear 
obviously on the cross section as shown on the 
graph of (Figure 9).
Finally, it can be argued that the approach used 

in the study in hand offers a useful tool for the 
coastal geomorphological researchers in both 
quantitative and qualitative approach. 

 1 LN = Natural Logarithm 

π x L x d2
ρ =

2 ESUN x cos (SZ)
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5) Conclusion :
The suggested methodology can be considered 

adequate for deriving the bathymetry map for the 
coastal area. Such derived bathymetry map may 
support the coastal geomorphological studies and 
improve their results as it provides the essential 
data needed for quantitative as qualitative 
approach. 
Moreover, the proposed methodology can be 

employed in monitoring the rate of sedimentation 
and erosion process in subsequent points of time

Fig.(1) Location of study area

Fig.(2)  Image Composition of  RGB Band 7,4.2

Potentials of Landsat TM Image to investigate the Nearshore and Offshore Bars along the Arab’s Gulf 
Shore zone, Western of Alexandria, Egypt.

Prof.Dr. Maged Mohammed Shoala



  T
he

 E
gy

pt
ia

n 
Jo

ur
na

l O
f E

nv
iro

nm
en

ta
l C

ha
ng

e

Vol.6 (1) March 20146

Fig.(3) model for deriving Mapping Water Depths from 
bands 1,2 of TM  LANDSAT Image

Fig.(4) The correlation between depth measurements and 
the reflectance (R) values (given as the natural logarithms of 

the sum of TM bands 1 and 2). Note that n =2419.

Fig.(5) The correlation between depth measurements and the 
reflectance (R) values (given as the natural logarithms of the 

sum of TM bands 3 and). Note that n =2419.
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Fig.(6) Example of Cross Section shows bottom relief of 
study area

Fig.(7). 3D View of the study area
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Fig.(8).  Patterns of bars (A) Crescentic (B) Oblique

Fig.(9). A 7.25 km true depth profile (black line) together 
with calculated data (grey line) derived 

from the image data. (N= 238) 
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Fig.(10). Histogram and normal curve of true 
depth point (A) and calculated depth point( B ) 

of  two cross section of figure ( 9)
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