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Using RS&GIS to Study the Change Detection in the

Geomorphological Features of the Nile Delta Coastal Plain
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Abstract
A change detection of the geomorphological feature involves
analysis of a series of images of different dates. In water resources
studies, land cover is a most commonly studied feature. The analyst
might be interested in both short-term (e.g., flood inundation or snow
cover) as well as long-term (e.g., deforestation or expansion of urban

area) changes ( Jensen, et.al , 2010 ).

In this sense, this research deals with the change detection in the
geomorphological features of the Nile Delta coastal plain using
geographical information system and remote sensing, by monitoring
shoreline changes, sabkhas, sand dunes and, finally changes in
coastal lakes. The study of shoreline changes revealed the prevalence
of erosion in the places of the Delta promontories and Manzala lake
barrier. The area exposed to erosion reached 19.6 km?2, or 62%
during the period from 1945 to 1983. The largest ranges of accretion
are distributed to the west and east from Rashid promontory, sand spit

of Damietta and Gamasa Bay area.

As for sabkhas changes of the study area, it was revealed by
comparing the data of the satellite images from 1984 to 2003 that the
area of the sabkhas on Manzala Lake barrier decreased by 1.9 km?
(15.7%). Where sand deposits and fish ponds covered large areas of
sabkhas. During the same period, the areas covered by sand dunes

were significantly reduced. Only a quarter of the area of Gamasa
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sand dunes was left in 1984, and the remaining area (76.31%) was
converted to other uses. Manzala Lake lost 297 km? (43%) during the
period 1984- 2003. Burullus Lake was also affected by the decline in
the area of the water body, similar to the trend in the lakes of study
area. This is linked to the expansion of the fish ponds located south of

the lake towards the water body to the north.

Keywords: Satellite Images, Change Detection, Erosion, accretion,

Shoreline, Sabkhas, Sand dunes, Coastal lakes.

1. Introduction

The importance of geographical information system and remote
sensing in studying the changes detection of geomorphological
features in the study area is being a modern source through which
access to the nearest picture of the current reality in light of the rapid
changes experienced by the features . The availability of more than
one generation of Satellite Images in monitoring the changes of
features is particularly accurate, especially those features (eg,
sabkhas, shoreline, sand dunes and coastal Iakes) that are difficult to

detect from other sources with the same precision.

The objectives of this study are to assess the changes in the
geomorphological features of the Nile Delta coastal plain by integrating
RS/GIS capabilities. Topographic maps of 1945, 1983 and 1991 and
LANDSAT Images for the date of 1984 and 2003 were considered.

2.Study Area

The study area extends from the plain of clay in the east to Edko
Lake in the West for a distance of up to more than 220 km. It is
confined to the Mediterranean coast in the north and a point of

branching sub—Damietta and Rosetta in the south, which means that it
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extends between latitudes 303 105 & 315 37: to the north and
longitudes 29 ¢ 455 & 32 ¢ 30 ¢ ( Figure 1).
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Figure ( 1) Location of study area
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4. Materials /Software

4.1. Materials

4.1.1 Topographic maps of 1945, 1983 and 1991.
4.1.2. ETM ( Enhancement LANDSAT Images)1984,2003.
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4.1.3. Shuttle Radar Topographic Mission (SRTM) Path 176 and row
38 date 2001.

4.2. Software
Arc GIS 10.1 , IDRISI Taiga 16 and ERDAS Imagine 9.1.

5.Methodology

5.1. Image Restoration

Grounds Trusting: During an initial field visit, field GPS controlled
points were collected in order to re-examine the geo-referencing of
the ETM 1984-2003.

Geometric Restoration : Resample module was used. Map
projection and coordinate system of the ETM 1984 - 2004 was
considered to rectify all images using Image to Map and Image to
Image techniques. UTM_Zone 36 N. and X, Y Resolution =30 m.
were considered.

5.2. Visual Interpretation

Principal Compounded Analysis (PCA) was carried out to assign
informative bands. False Color Composites were developed. Screen
digitizing was carried out to assign Manzala Lake, Burullus, Edko
areas and for sea shorelines, Google Earth image was considered to

assign urban settlements.

5.3. Digital image processing

5.3.1.. Vegetation Indices

Normalized difference vegetation index (NDVI).
5.3.2. Unsupervised Classification

ISOCLUST in IDRISI was applied. ISOCLUST uses a procedure
known as Selt-Organizing Cluster Analysis to classify up to 7 raw

bands with the user specifying the number of clusters to process.
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5.3.3. Land Cover Change Analysis

5.3.3.1 Difference Image

Vegetation Index Images were considered. The difference image can
be calculated for this equation: later—earlier.  Significant
vegetation/Biomass change should be more than the mean +/- 2
Standard Deviation.

5.3.3.2 Percentage of Change

Land cover maps were considered. The percentage of change =
(later—earlier)/earlier * 100.
6.Results and Discussion

6.1.Shoreline changes

Erosion and accretion are the main drivers of recent shoreline
changes over a long period of time. Hence, it is necessary to monitor
and follow the patterns of erosion and accretion in the study area
through following the shoreline positions of topographic maps and
satellite images. Shoreline changes over a long period of time over 50
years have been studied, based on topographic maps of 1945, 1983
and 1991, as well as the 2003 satellite image.

The general trend of shoreline changes between Edko Lake and
the entrance of Suez Canal has been studied (Figure 2) where the

following points are observed:

e The feature of erosion and the corresponding accretion can be
inferred during the study periods in the light of the patterns of
distribution of adjacent erosion and accretion cells and the
direction of sediment transport. Accretion cells often drive their
deposits from nearby erosion cells, especially after the supply of

river sediments that has been disrupted (Crowell, 2003, p 254).
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Figure (2-a) shows the distribution of erosion / accretion cells in
the first stage (1945-1983), where erosion predominantly
prevails at the sites of Delta promontories and Burullus Lake
barrier except the Eastern side of the barrier. The total area
exposed to erosion from Delta promontories was 19.6 km? with
a percentage of 62% of total area of erosion cells at that stage.
The largest accretion cells are distributed to the west and east
from Rashid promontory and sand spit of Damietta (East
Damietta promontory) and Gamasa Bay area. The exchange
between erosion and accretion in Manzala Lake barrier sector is
evident.

Figure (2-b) shows the distribution of erosion / accretion cells in
the second stage (1983-1991). It is noted that the same pattern
prevails in the second stage in the areas of Damietta, Rashid
promontory and Manzala barrier. The most important changes in
erosion / accretion patterns were the presence of a clear
exchange of erosion / accretion cells at the apex of Burullus
promontory and Burullus Lake barrier sector.

Figure (2—c) shows the distribution of erosion / accretion cells in
the third stage (1983-2003), where the prevalence of erosion
continued at the apex of Rashid promontory and the eastern side
of Damietta promontory by 60% of the total area of erosion cells,
with a clear shift towards accretion at the apex of Burullus
promontory and the continued exchange of erosion / accretion in

other sectors.

It is clear from the foregoing that the regions of delta

promontories are the most active areas that are subjected to
change (specifically regarding the decline) throughout the study

period. This is largely related to the form of promontories and
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shoreline trends, as well as the promontories increase the energy
of the waves and thus their ability to erosion through the process

of convergence of the lines of progress of the waves (Woodrofe,
2002, p 110).
6.2.Sabkhas changes

Sabkhas are characterized by different nature of changes from
other features because they are the most stable features in their
positions. These changes are linked to external movement, whether
due to human intervention or natural factors. Sabkhas changes entail
many hazards to different patterns of land use.
6.2.1.Case studies of sabkhas changes from satellite images
6.2.1.1.Sabkhas changes in Manzala Lake barrier

Table (1) shows the results of quantitative analysis of sabkhas
changes on Manzala barrier and inferred by comparing satellite
images data for 1984 and 2003 where following results were
concluded:

e The area of sabkhas on Manzala barrier was reduced by 1.9 km?
with a percentage of 15.7% of the total area of sabkhas at the
beginning of study period (1984).

e At the beginning of study period, 58% of sabkhas area was
transformed into features (other categories of use) by the end of
the study period. The sand deposits covered a large area of
sabkhas east of the barrier (Figure 3). Water bodies covered
11.6% of sabkhas area in 1984 due to their exposure to erosion
from the sea, as well as the establishment of fish farms from the
side of the lake.
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1984
Sabkhas Total
area ( km?) % area
(km? )
Agricultural lands 1.05 8.7 13.7
Sand deposits 4.65 38.5 12.2
Sabkhas 4.96 41.1 10.1
§ Water bodies 1.4 11.6 39.3
“ Total area ( km?) 12.06 100
The difference between the -1.9 15.7
two satellite images

A) satellite image classified 1984 *

Sahkhas nj

Sand deposits

Water bodies -

Natural plant

B) satellite image classified 2003 ‘k

Sabkhas I_AU

Sand deposits

Water bodies -

Natural plant

Figure ( 3 ) Sabkhas changes in Manzala Lake barrier

6.2.1.2.Sabkhas changes in New Damietta area
Table (2) shows the results of the quantitative analysis of sabkhas changes in New
Damietta area using the same previous technique and the following results were observed:
e The area of sabkhas in New Damietta area decreased by 6.2 km? or 45.4% of the

total sabkhas area at the beginning of the study period.
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e In 1984, 12.1% of the sabkhas area was transformed into urban and roads by

2003. This is largely related to the continued urban growth of the New Damietta

city and the extension of the international coastal road (Figure 4).

Table (2) Sabkhas changes in New Damietta area (1984 - 2003)

1984
Sabkhas Total area

area ( km?) ‘ % (km?)
Agricultural lands 0.73 5.3 49.1
Urban 1.53 11.1 10.2
Roads 0.13 0.95 0.55
Irrigation and drainage 0.04 0.29 0,76
The sea 0 0 32.9
@ Sabkhas 4.8 35.7 7.4
S Beaches 4.03 29.4 17.5
Sand dunes 0.82 6 4.6
Sandy land 1.51 11.05 4.8

Total area ( km” ) 13.6 100

The difference between the -6.2 -45.4
two satellite images

H) satellite image classilied 2003

Sand dunes deposits Beaches and sund depaosits
urban Agricultural lands -
0 2 4 km
)

Sabkhas |

Shallow water
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Figure ( 4 ) Sabkhas changes in New Damietta area

6.3.Sand dunes changes

The study of sand dunes changes requires the availability of spatial data that can reflect
the status of sand dunes on multiple observation dates; the case studies relied mainly on
follow—-up of sand dunes at several locations using aerial images and satellite images data.
In addition, there is an important role for the field follow—up process of sand dune situation.

These studies are presented below:
6.3.1.Sand dunes of Damietta bend

The old aerial photos of 1955 show a clear concentration of a group of barchan dunes in
northwest area of the last major bend of Damietta branch (Figure 5-a), The 1985 aerial

photos show that the area covered by sand dunes shrunk due to the encroachment of

agricultural land (Figure 5-b) with clear geometric limitations by engineers.

¢ ! 5
' 5 d t\
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A)Aerial photo 1955

Figure ( 5 ) Changes of sand dunes in Damietta bend

During the field study of the site, it was observed that sand dunes disappeared
completely and that a dense cover of agricultural land and palms prevailed. Sand dunes
can be traced by the presence of a single sand dune at the entrance to the road leading to

Damietta port
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sandy patches appear to represent the remnants of one sand dune that was removed.

6.3.2.Gamasa sand dunes

Sand dunes variations in Gamasa field were estimated through comparing the 1984 and
2003 satellite images data. The area covered by sand dunes was clearly decreased
between the beginning and the end of the study period. Only about a quarter of the area of
sand dunes was left in 1984 by 2003 and the rest of the dunes (76.31%) had been
diverted to other uses, (for example, in 1984, 68.9% of the area of sand dunes was

converted into agricultural land, waterways and ponds by 2003).

The quantitative estimation of Gamasa sand dunes changes is consistent with the nature
of the changes as they appear visually in (Figure 6) and (Figure 7) where sand dunes may
be stretched by waterways. Large areas have been exploited to grow crops and establish

fish farms.

The previous case studies show that there are two images of sand dunes degradation in
the study area. The first is the total degradation and complete removal of sand dunes such
as Damietta bend sand dunes. The second is the partial and gradual degradation of sand

dune fields such as Gamasa sand dunes.

Images of sand dunes degradation have been largely associated with the morphological
characteristics of the sand dunes. Smaller and denser sand dunes were less adapted to
human intervention and further degraded. Consideration should be given to the location and
accessibility of sand dunes. The international coastal road has made many sand dunes
sites accessible to man. The current picture seems to indicate continued human pressure
on the sand dunes. In the absence of sand dune maintenance management, the sand
dunes will be further degraded and disappeared regardless of their dimensions and

characteristics.
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Figure ( 6 ) Sand dunes changes in Gamasa field

Figure ( 7 ) Sand dunes Gamasa field
( Satellite Image 1984-2003 )

6.4.Coastal lakes changes

Lakes changes are those of contemporary changes that are primarily related to human
intervention. Topographic maps and satellite images are among the most important means
used to monitor and interpret lakes changes in the study area. It is necessary to note the
different method of study and the nature of the results obtained depending on the method

used to study changes in the feature.

6.4.1.Changes in lakes from topographic maps (1945-1991)

Maps represent an important source for examining changes in lakes in the study area
over a long period of time, especially during some early periods during which there were no
alternative means through which to monitor the feature. Water bodies and islands are the
most specific features on topographic maps that can be separated and digitized.

Table (3) shows some of the characteristics of the water body and islands of the study
area lakes based on the data obtained from topographic maps of the years 1945, 1983 and

1991, where the following can be concluded:

Table (3) Characteristics of the water body and islands of the study area lakes

Water Number Islands Numerical Area
Characteristics

body of area density of density of
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area islands (kmz) islands islands
Date of monitoring (km?) (Island per 1 | (km? per 1
km? of water) km? of
water)
1945 1236.5 672 128.2 0.5 0.1
Manzala 1983 723.9 294 201.4 0.4 0.2
Lake 1991 585.4 205 151.3 0.3 0.2
1945 562.4 55 11 0.09 0.01
Burullus 1983 415.8 10
Lake 1991 436.3 32 16.9 0.07 0.03
Edko Lake 1945 147.2 72 5.6 0.4 0.03
1991 14.4 2 0.4 0.1 0.002

There is a clear trend towards decreasing water body area in all lakes, although the
amount of change varies from one lake to another. Edko Lake is the most shrunken
lake with 90% of the total water area lost between the beginning and end of the study
period (1945-1991), while the same proportions reached 52.6% and 22.4% in both
Manzala and Burullus, respectively.

The increase in rate of decrease of water body of the lakes between the periods of the
first study (1945-1983) and the second (1983-1991) indicates the extent to which the
water body is exposed to the lakes over time, and the increase is evident in Manzala
and Burullus Lakes Table (4).

Table (4) Changes in the water body of study area lakes

Values of change Total water loss in Rate of change water

Study periods km? body (km2 | year)
1945-1983 512.6 13.4
Manzala Lake 1983-1991 138.5 17.3
1945-1983 96.6 2.5
Burullus Lake 1983-1991 29.5 3.6
Edko Lake 1945-1991 132.8 1.3

There is a clear trend towards the numerical decline of lakes islands. Edko is the most
lost island between the beginning and end of the study period as a whole. Burullus
departed from the constant trend of declining numbers of islands. The number of islands
decreased between 1945 and 1983 and then increased between 1983 and 1991. This

result cannot be recognized as an indication of an increase in the number of islands
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during the second period without reference to another source. The 1984 satellite image
review reveals that the actual number of islands is higher than in maps and therefore

reliance on maps is only a misleading criterion.

e The direction of change in the area of the islands may be consistent with the trend of
changing numbers and may vary, This consistency appears to be the case in Edko
Lake, which shows a significant decrease in the number of islands, followed by a
decrease in the total area of the islands to the same degree. Although the number of
islands in Manzala and Burullus decreased, the total area of the islands in both lakes

tended to increase between the beginning and end of the study period (1945-1991).

e The changes in islands are very much related to changes in the body of water because
water represents the medium in which islands grow. This relationship appears by
following the changes in the numerical and cadastral density of the islands Table (3),
which reflects the direction and nature of the change of water body and islands in each

lake.

e It is clear from the previous data that the process of analyzing the changes of water
body and the islands based on topographic maps may not be high accuracy. This is due
to the fact that the accuracy of the representation of lake features on topographic maps
varies from one topographic survey project to another (especially for islands). The

picture may be further illustrated by the spatial follow—up process of changes.

6.4.2.Changes in lakes from satellite images (1984-2003)

The importance of using satellite images in examining changes in lakes of the study area
is a recent source through which we can reach the nearest picture of the current reality in
light of the rapid changes witnessed by the feature. According to the availability of more
than one generation of satellite images in the monitoring of changes in the features lakes
with high accuracy, especially those features that are difficult to monitor from other sources
with the same accuracy. The changes in lakes have been monitored through comparing the
1984 and 2003 satellite images data (Table 5) with reference to improved satellite images

and sometimes visually comparing them.

Table (5) Lakes changes in satellite images

Dimensions Water body area Plant body area Fish ponds area
(KM?) (KM?) (KM?)

Year
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Lakes 1984 2003 1984 2003 1984 2003
Manzala 688.9 391.8 S 385 95.1 132
Burullus 328.9 229.7 261 202 44 59.1

Edko 25.8 28.2 77.6 42.2 1.8 29.6

The following are the most important changes in each lake in the study area:

6.4.2.1.Manzala Lake

Manzala Lake is one of the most exposed lakes in the water body area. The lake lost

about 297 km? during the study period (1984-2003) by 43% of the water body area in

1984. This change is related to many processes, the most important of which are:

Deduction of large areas of the water body for the establishment of fish ponds,
especially in the north-west and south—eastern sectors of the lake (Figure 8) and
(Figure 9). This result is consistent with the apparent increase in the area of fish

ponds during the study period (Table 5).

Some marginal areas of the water body were subjected to truncation and drying,
especially the area south Port Said Plain to the east of the main stream of the Bahr
El-Bagar Bank (Figure 10). It is noticeable that some water basins are isolated from
the main water body of the lake. This feature is clearly south of Port Said due to the
extension of the international coastal road and the identification of some industrial

drainage basins. This feature may help further shrink the area of water body.
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Figure ( 8 ) Manzala Lake changes (North West Sector)
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Figure ( 9 ) Manzala Lake changes (South East Sector)

By Improved satellite Image 2003 A) Improved satedlise huage 1984
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Figure ( 10 ) Deterioration of Tawellat islands (Manzala Lake)
e The growth of plants of lake at the expense of water body where there is a clear trend

of plant growth both on the margins of lake or around the islands. This feature is
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concentrated in some locations in front of the main drains exits due to the availability

of water with relatively low salinity content with increasing organic content (Figure 11).

B) Improved satellite Image 2003 A) Improved satellite Image 1984

12 KW

) .

Figure ( 11 ) Plant and islands changes in Manzala Lake

Location: West Central Sector
6.4.2.2.Burullus Lake

Burullus Lake was subjected to a decrease in the area of water body, similar to the trend
in the lakes of study area even if the extent is small compared to Manzala as it is estimated
that the percentage of loss in the area of water body at 30% of the total area at the
beginning of study. This is largely related to the encroachment of the range of fish ponds
located south of lake towards the water body in the north. It is noticed that the total area of
plant body decreases during the study period. This is linked to the deduction of some areas
directly in the far southwest of lake in order to reclaim land for agriculture or because of the
extension of fish ponds. In spite of this decrease, another trend towards high—density plant
growth appears in the central and eastern sectors of lake, which resulted in the emergence

of the feature fusion of carrot plants and the margin of the lake (Figure 12).

-oVA .



Tolba B. Abdel-Hady Yore b aulill )

B} Satellie Image classified 2003

Lake pants S fish penets [ Water body
———" Seoddepout| | vopliend

Figure ( 12 ) Burullus Lake Changes

6.4.2.3.Edko Lake

Decreased water body area of Edko Lake is associated with the transformation of a
group of scattered aquariums towards other uses (especially the establishment of fish
ponds). In addition, other areas of drought, such as in the water arm extending from
southern basin to the east. The shrinkage of vegetation is a characteristic feature where the
lake lost nearly half of its vegetation during the study period. This is linked to the huge

increase in the area of fish ponds at the expense of plant body (Figure 13).
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Figure ( 13 ) Edko Lake Changes
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Summary

The objectives of this study are to assess the change detection in the geomorphological
features of the Nile Delta coastal plain by integrating Remote Sensing (RS) and Geographic
Information System (GIS) methodologies. Topographic maps of 1945, 1983 and 1991 and
Enhanced LANDSAT images for different dates were used. Vegetation cover and
unsupervised image classification layers were processed. The results indicated that :

1. The total area exposed to erosion from Delta promontories was 19.6 km? with a
percentage of 62% of total area of erosion cells at that stage. The largest accretion
cells are distributed to the west and east from Rashid promontory and sand spit of
Damietta (East Damietta promontory) and Gamasa Bay area.

2. Sabkhas changes on Manzala barrier by comparing satellite images data for 1984
and 2003 where following can be concluded: sabkhas on Manzala barrier was
reduced by 1.9 km? with a percentage of 15.7% of the total area of sabkhas at the
beginning of study period (1984), and 58% of sabkhas area was transformed into
features (other categories of use).

3. During the field study of the site, it was observed that sand dunes disappeared
completely and a dense cover of agricultural land and palms prevailed.

4. Edko Lake is the most shrunken lake with 90% of the total water area lost between
the beginning and end of the study period (1945-1991), while the same proportions
reached 52.6% and 22.4% in both Manzala and Burullus, respectively.

5. There is a clear trend towards the numerical decline of lakes islands, Edko is the
most lost island of the islands between the beginning and end of the study period as
a whole, Burullus departed from the constant trend of declining numbers of islands.
The number of islands decreased between 1945 and 1983 and then increased
between 1983 and 1991.

6. Manzala Lake is one of the most exposed lakes in the water body area. The lake
lost about 297 km? during the study period (1984-2003) by 43% of the water body
area in 1984.
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