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The Change Detection In Vegetation Area Of Barka In Sultanate of Oman
During (1990-2016) Based On Geographical Information System and Remote
Sensing

Al-Fazari!, A. & Al-Khrousi?, R.
Supervised by: Mansour, S & Al Awadhi, T
Geography Department, Sultan Qaboos University, Oman

Abstract

In the last twenty years, there was huge development in Oman which led to massive change
in land cover and land use as well. Land cover ecosystem in Oman is undergoing
accelerated changed due to natural and anthropogenic disturbances. Change detection
technique is widely used to monitor and map land cover change between two or more-time
periods especially with advanced development in Remote Sensing (RS). It is now became
an essential tool in agriculture and water resource management activities. This study aim
to detect and measure land cover change in Willayate Barka at Al-Batinah South
Governorate between 1990 — 2016. To achieve this research, normalized difference
vegetation index (NDV1) and multispectral classification were used.

The result indicates that during the period of 1990 — 2016 the vegetated area decreased
by 3% (21.214818 km?) which means a huge amount of vegetation were lost, the free land
and rocks area were decreases by 19.5 % (142.254 km?) however, the built up
area (residential, commercial, industrial, and etc...) were increased by 22.4 % (163.47
km?).

In spite of Oman government provided desalination nets, sanitation, and modern
irrigation techniques we find out the vegetation area decreased by many causes like urban
sprawl, salinization of soil.

Keywords: NDVI, Multispectral classification, land cover, change detection

1. Introduction:

Geographical Information System and Remote Sensing techniques haven an important and
influential role to solve various environmental problems. Moreover these technologies have
many different advantages that give the ability to have full understanding of these contemporary
issue, and find out their causes and how to solve them. GIS has ability of connecting the spatial
data and non-spatial to help the decision-making to find out the most effective decision, while
the RS is a science of obtaining information from a distance without any actual contact with the
object being observed ( Al Awadhi, T. Al Shukili, A. & Al Amri, Q, 2011).

Land is a basic source of mass and energy throughput in all terrestrial ecosystems (FAO, 2000).
It is the physical environment that compares the climate, topography, water resource and natural
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vegetation and its encompass the ecosystem (Hardjowigeno and Widiatmika, 2007). In general,
land

resource arrived to difficult and embarrassing stage causes by rapid increasing of population
(perera etal, 2011).

Land cover analysis give the baseline of data need for the understanding of how land was start
used in the previous decades and what are the type of change could be effective in future (Mani
and Krishnan, 2013). Land cover play an a significant component role in understanding the
interaction of both, human and environment issues (Vikhe and Patil, 2014). Nowadays, Change
detection technique is widely used to monitor and map land cover change between two or more-
time periods especially with advanced development in RS. It is now became an essential tool in
agriculture and water resource management activities. The use of land cover change detection
tools as such NDVI can provide the discriminant different area index for the vegetation by a
satellite imaging (Lillesand et al, 2004).

For efficient and sustainable land cover analysis, the use of multispectral classification analysis
and vegetation indices NDVI should be used, which is certified in this study. The main objective
of the present study detect and measure land cover change in Willayate Barka at Al-Batinah
South Governorate, and then to identify various factors that affected these land cover.

1.1 Research Problem

Monitoring change of vegetation area in Barka willayat within South Al-Batinah, Oman is very
important for planning policy. Detecting the change through time and place helps decision
makers to take correct action plans particularly in land use sectors and environmental domains.
During the period of 1990-2016 the vegetation cover has witnessed major change in Oman
generally and South Al-Batinah specifically.

Therefore, there is urgent needs to specify the environmental and human impacts on the
vegetation cover within the study area for various purposes.

1.2 Research Aims

The main aim of this research is to identify spatial patterns and trends of land cover change in
the study area (Barka willayat). Furthermore, understanding the spatial variations of the changes
according to different explanatory variables.

To achieve this aim, the following objectives have been implemented:

= |dentifying the most influencing variables on land cover including physical, environmental
variables and spatial relationships.

= Producing accurate maps illustrating change variations and distributions across the study
area.

2. Literature review:

Climate change and the accompanying changes in the vegetation level lead researchers and
international organizations to do research’s and studies to find the best solution to reduce this
phenomenon, which consequent cons of the various sectors. Much research has been done in
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addressing vegetation cover change as well as land use classification in Oman and Arab world
as well.

Al-Batinah coast has enjoyed some studies such as the desertification in Al-batinah plain in
Sultanate of Oman. This study deals with the problem of desertification in Al-Batinah plain,
which is located

in the North of Sultanate of Oman, between the Gulf of Oman and the series of “Al-Hajer”
mountains. It deals with Desertification by showing the most important natural and human
contributing factors as well as the geomorphological, botanical and human aspects resulted. So
it sheds light on a number of controlling variables and factors causing the degradation of major
resources, including soil, ground water and botanical cover. This degradation influenced the
social and economical dimensions of Al-Batinah plain society. The study depended mainly on
the fieldwork, which was based on analyzing 55 samples of wells of underground water with a
same number of soil samples taken from the agricultural areas in Al-Batinah plain. It also
conducted some interviews and an observation of environmental variables in the study area.
Certain analytic and descriptive methods to explain the dimensions and variables studied were
accordingly applied ( Ali Al-Balooshi, 2003).

Other study which related to vegetation change is the land-cover change detection using multi-
temporal MODIS NDVI data. Monitoring the locations and distributions of land-cover changes
is important for establishing linkages between policy decisions, regulatory actions and
subsequent land-use activities. This study explored the use of 250 m multi-temporal MODIS
NDVI 16-day composite data to provide an automated change detection

and alarm capability on a 1-year time-step for the Albemarle-Pamlico Estuary System (APES)
region of the US.

The methods and results detailed in this article apply only to non-agricultural areas. Additional
limitations attributed to the coarse resolution of the NDVI data included the overestimation of
change area that necessitated the application of a change area- correction factor (Lunetta, R.L.,
Knight, F.K, Ediriwickrema, J., Lyon, J.G., and Worthy, L.D, 2006).

Also the study of comparison analysis of land cover change based on vegetation index and
multispectral classification (a case study at Leihitu Peninsula of Ambon City District). This study
depends on Landsat satellite images based on NDVI and and 457 colour composite. Moreover
its attempts to use a comparative change detection analysis in land cover that has occurred in the
study area with NDVI and 457 colour composite over 9 year period (2001 to 2009). The whole
land cover types have experienced increased in both methods (W.A. Siahaya*, P. Danoedoro, N.
Khakhim, M. Baiquni, July 2015).

And the study that done by Luis C which focus of the Temporal changes of NDV1 for qualitative
environmental assessment of mangroves: Shrimp farming impact on the health decline of the arid
mangroves in the Gulf of California (1990-2010). This study assessed the temporal evolution of
vegetation activity of mangroves in the Southeastern coastal of the Gulf of California (Mexico)
through a multi-temporal analysis of Landsat TM images from 1990 to 2010 where time series
of the Normalized Difference Vegetation Index (NDVI) were obtained. A multivariate regression
analysis showed the presence of statistically significant negative trends of NDVI (low vegetation
activity) in the coverage of mangrove forest, mangrove forest with pickleweed, and pickleweed.
3
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the study demonstrated the applicability of NDVI for the environmental assessment of
mangroves. The relationship between changes in remote sensing indices and environmental

variables allows for an efficient evaluation of the main environmental impacts, which can be
used for coastal planning and management (Luis C. Alatorre,2015).

3. Dataset and Study area:
The study relied on the digital data from Landsat satellite images, more details in the following table.

Data Path/Row Spatial Resolution Data product
LANDSAT 5(TM) 158/044 30 M resolution USGS
LAN DSAT 7 (ETM) 158/044 30 M resolution USGS
LANDSAT 8(OLI TIRS) 158/044 30 M resolution USGS

Astronomical Location:

Willayate Barka is located in Al-Batinah South Governorate in the northern of Sultanate of
Oman. Its Located at latitude 23° 42’ 33” N and Longitude 57° 33’ 13" E. The size of the area is
730 Km2, It is bordered to the south by Willayate Al-Seeb and from the Northwest by Willayate
Al Mousnah.

All of population censuses held in the Sultanate of Oman in 1993, 2003 and 2010 to the Al-
Batinah province represents the largest value. According to the National Center for Statistics
and information in Oman, the total number of population in Barka arrival to

125302 in 2015.

Figure 1. Sultanate of Oman
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4. Methodology and procedures:

The study is based on a systematic analysis of changes in land cover (change detection),
depending on the normalized difference vegetation index (NDVI) and multispectral classification
through the geographical information system technology by using ArcGIS 10.3 software.

The Spatial Analysis depends on various Landsat satellite images for the years 1990, 2000, and
2016 in figure 1, 2 and 3. Landsat satellite data are the most widely used data type for land cover
mapping and have provided Earth observation data to meet a wide range of information needs
since 1972 (Williams et al., 2006).

The satellite image processed by ArcGIS 10.3 software according to the following steps:-

= Clipped the study area from the satellite images instead of dealing with it at full size, Figures
4,5 and 6.

= Make composition for all the Landsat images bands to be able to select the desired band in
the analytical process.

= Calculate the natural variability of the greenness index (Normalized Difference Vegetation
Index), this indicator is a useful techniques in plant monitoring through Different years.

= NDVIlis calculated by subtracting the red channel from the near infrared (NIR) channel and
dividing their difference by the sum of the two channels, NDVI= (NIR - RED) / (NIR +
RED) (Rause et al., 1973; Kriegler et al., 1969). NDVI is often used to monitor vegetation
dynamics (Zhou et al., 2001).

= Hold Multispectral classification (supervised classification) to compare the results of NDVI
and to determine other land cover change over time.

= Define the projection of all the Landsat satellite images as (UTM, WGS 84, Zone 40 N),

= which is followed by all the Sultanate of Oman Map
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Figure 4. Landsat satellite images 1990
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Figure 6. Landsat satellite images 2016 Figure 5 .Landsat satellite images 2000

4. Land cover change

There are many physical and environmental variables affected the land cover changed in the
study area (Al-Bulooshi, 2003).

4.1 Urbanization

The problem of urban sprawl at the expense of agricultural land problems Suffer from all around
the world, especially those characterized by rapid population increases. (Al-Bulooshi, 2003).

The study area has evolved the built-up areas (residential, commercial, industrial and etc...) from
1990 to 2016, including a major development represents an increase of 22.4 % .
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4.2 Government policies

Government policies have played a prominent role in the deterioration of agricultural land during
the past twenty years, and government policies are those policies geared to keep up with the
development and movement towards development rush to raise the economic and social level of
the population (Al-Bulooshi, 2003). These policies are as such the following:

= Expansion in granting citizens of residential, commercial and industrial land in area that are
considered suitable for agriculture or can be exploited agriculturally, it has led to the
deterioration of arable land and declining vegetation.

= Expansion in the granting of agricultural land in order to diversify sources of national
income and raise the contribution of the agricultural sector in the gross domestic product
and increase production rates to reduce any food gap that could appear in the future, but the
results appeared quite the opposite where he is currently exposed region of the deterioration
of aqueous and which led to tkas green spaces.

4.3 Floods and runoff valleys

Floods are relatively large flow of water over the capacity of the channels waterways. In addition,
Floods in valleys dry land Characterized by quickly flow and its demise and the severity of their
destruction, and limiting the flow at peak times (Al-Bulooshi, 2003).

4.4 Fluctuating rainfall levels

Oman within the dry areas characterized by sudden rainfall Ba and intensity of concentration and
increased exposure of areas to flooding and soil erosion. As known, Rain is the main source of
groundwater and surface water in the study area, which is the main source for agriculture and
human use and contribute to the growth of plants pastoral. Unfortunately, the study area suffers
mainly from the low amount of rainfall where it is exposed for a long period of drought during
the one-year stretch during the summer months from May to October. So, this temporal
fluctuation of rainfall between summer and winter helps to increase the acceleration of
desertification processes (Al-Bulooshi, 2003).

4.5 Reliance on expatriate labor is qualified in the agriculture field

Accelerated development in the study area led to reluctance among Omanis for the profession of
agriculture so as to increase the proportion of education among children and attention to the
development of rural women and income levels have risen as a result of the flow of oil and the
presence of a lot of job vacancies government institutions. Thus, the private sector has appeared
a shortage of agricultural labor because of the presence of cheap labor markets in Southeast Asia,
and the ability of citizens to pay unfair to workers led to the entry of large numbers of foreign
workers, especially from India, Bangladesh and

Pakistan. In addition ,Most agricultural expats primitive and illiterate are not a trained in addition

to the arrival from the fertile areas in the soil and the availability of large amounts of water, so

the dealings with farms in the study area depends on their handling of the farms in their countries,

which led to rapid depletion of groundwater and the deterioration of soil fertility and the
8



deterioration of agricultural production and exposure the soil salinization and deterioration (Al-
Bulooshi, 2003).

4.6 Agricultural pests

Climatic conditions in the plain of Al-Batinah fit the proliferation of many crop pests and
diseases, resulting in large losses and damage to the Ministry of Agriculture and Fisheries in
1993 and fortune. In addition, Agricultural pests Tattabar is one of the important factors in the
decline of cultivated plants and the spread of desertification in the study area. Pests that are
exposed perennial crops like

palm, lemon, mango, and banana clover the most important pests that affect the decline and abandonment
of cultivated areas and spread of desertification in the study area. Moreover, Swarms of locusts that
invade the area from time to time is one of the important factors leading to a decline in plant covers and
spread of desertification is also considered. And unfortunately, Barka has more governorate invasion of
locusts hit, where the affected area of about 434 acres by 23.8% (Al-Bulooshi, 2003).

Land cover categories Description

Built —up Build up area (residential, commercial, industrial and etc)
Roads Street (high ways, sub-ways)

Vegetation Avrea of trees, plants and underbrush

Free land & Rocks Lands which does not contain any human activities, it is contain

a soil, valleys and rocks
5. Results:

The coverage area of each land-cover type of the study area of the years 1990, 2000 and 2016
were produced using supervised image classification is shown in Table 2 and 3. While those
distribution were presented in Figures 7, 8 and 9.

Table 1. Land cover categories in the study area over 1990 — 2016:
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This table show the area and amount of change in (Km?) in different land cover (Built — up
/vegetation /free land &Rocks) it’s clear that the Built — up area is changed over time from
105.972379 Kmz2 in 1990 in to 257.52604 Km2 in 2016 with increased 151.553661 Km?

Table 2. Area and amount of change in different land use/cover categories over 1990 — 2016:

amount of change, vegetation areas were changed over time from 94.08465 Kmz in 1990 in to
72.869832 Km2 in 2016 with decreased by 21.214818 Km?, and Free land & Rocks areas were
changed over time from 518.082249 Km2 in 1990 in to 375.828527 Km? in 2016 with decreased
by 142.253722 Km2. Subsequently, Urbanization affects ay reduce agricultural areas.

Table 3. Area and amount of change by percentages in different land use/cover categories over 1990
- 2016:

Land use/cover categories 1990 2000 2016 Change
Built —up 16.1 23.4 38.5 22.4
Vegetation 12.8 12.4 9.8 -3
Free land & Rocks 70.9 64 51.4 -19.5

This table show the area and amount of change by percentage in different land cover (Built — up
Ivegetation /free land &Rocks) during (1990 — 2016).We can strongly notice the built — up area

increase from 14.5% to 35.2%, the vegetation area were decreased by 3 % . Either the Free land
& Rocks area changed from 72.7 % in to 51.4 % with changed by 21.3 %.

Land use/cover categories 1990/ Km? = 2000/ Km? 2016/ Km? Change

Built —up 117.833101 170.97333  281.301641 163.46854
Vegetation 94.08465 90.97297 72.869832 - 21.214818
Free land & Rocks 518.082249  468.05370  375.828527 - 142.253722

5.1 Land use/cover categories

Figure 7, 8 and 9 show land use/cover distribution of each land cover type of the study area
over 1990 to 2016.
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Figure 7. Land cover 1990
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The land cover maps of 1990, 2000 and 2016 were produced by using supervised image
classification based on the Maximum Likelihood Classifier (MLC) and training sample, the land
cover area of supervised classification is shown in table 2. Generally, the growth and
development of Build-up area (residential, commercial, industrial and different services) was
clearly appear near the coastal area.

We strongly notice that the density of vegetation (trees, plants) in the early nineties is high dense,
in contrast with the entry of the twentieth century the vegetation began to shrink gradually until
it reached the worst cases is far in 2016.

Due to the development in the various fields, the transport networks (streets) start to expansion
and growing. The free land rock area began to shrink match the increase in built-up areas
(residential, commercial, industrial and different services) especially in the coastal area.

11



5.2 Vegetation cover

The figures 10, 11 and 12 show the Gradient shortage in the amount of vegetation area over time,
it was highest in 1990 and lowest in 2016. The study results showed that the significant decrease
in vegetation resulting from a number of reasons most notably the urban sprawl on the vegetation
zones, the built up area were increased from 14.5 % (105.972379 Km2) in 1990 to 35.2 %
(257.52604 Km?) in 2016 and many other reasons as such Soil salinization and increased in
temperature caused by climate change.
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5.3 Normalized Difference Vegetation Index

The Normalized Difference Vegetation Index (NDVI) is an indicator of the greenness of the
biomes. Even though it is not a physical property of the vegetation cover, it's very simple
formulation

NDVI = (REF_nir — REF_red)/(REF_nir + REF_red). Where REF_nir and REF _red are the
spectral reflectances measured in the near infrared and red wavebands respectively, makes it
widely used for ecosystems monitoring. Generally, healthy vegetation will absorb most of the
visible light that falls on it, and reflects a large portion of the near-infrared light. Unhealthy or
sparse vegetation reflects more visible light and less near-infrared light. Bare soils on the other
hand reflect moderately in both the red and infrared portion of the electromagnetic spectrum
(Holme et al 1987).

The figures 13, 14 and 15 show the Normalized Difference Vegetation Index in the study are in
1990, 2000 and 2016.
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5.4 Land Surface Temperature

The temperature maps show a gradual increase of temperature during the time period of the study
(1990-2016).Where the maximum temperature in March 1990 (41), in the same month of 2000
were (44) and continued to rise until it reached to the most heights in 2016 (49). The study
indicates that the marked change in temperature which is resulting from climate changes in the
region that will contribute to the contraction of vegetation. The figures 16, 17 and 18 represent
LST for the study area.
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6. Recommendation

According to the outputs of this analysis we recommend the following :

» Providing an effective strategy to mitigate the effects of urban sprawl on vegetation cover.
» Using the capabilities of GIS and image processing to measure and identify the change in land cover.
14



«  Developing governmental policies that target increasing the area size of reclamation within the willayat.

« Finding effective governmental solutions that prevent constructing houses and residential infrastructure on
agricultural land.

6.1 Conclusion

The change detection analysis using GIS and image processing is an efficient way of addressing the changes in each
land use category. Over more than two decades the change in land cover vary across Willayat particularly in Built-
up area, roads, vegetation and free land and rocks in willayat Barka. The results of supervised classification and
NDVI analysis indicated that overall the study area has experienced a dramatic change in its land cover during the
period 1990 - 2016.

In addition, it was clear that all land cover types have experienced change and the greatest threat to vegetation was
the growing rate of built-up area over vegetation and agricultural land. The percentage of vegetation area decreases
over time from 94 Km2 in 1990 to 72.8Km2 in 2016. In fact, there are many environmental and human variables
influenced the rate of land cover change. For instance, Urbanization and Fluctuating rainfall level.
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Zoning of the Caucasus mountainous territory by their Morphological
Criteria

Dr. Anatoly V. pogorelov Dr. petr Netrebin Dr. Eugene Kiselev

Abstract

The current stage of terrain study including geomorphological zoning characterized by the use
of verbal descriptions and formalized reproducible morphometric parameters using DEM and
digital modeling methods. The study area is the territory of Caucasus with 300 thousand square
kilometers with variable orographic scheme and geomorphological zones.

The existing methodology in mapping conceptual orographic and geomorphological units, as an
integral criterion of morphological complexity and homogeneity of terrain we proposed the
statistical parameter kurtosis E of elevations. The aim of our study is the differentiation (zoning)
of the Caucasus territory based on morphometry, using a formal criterion for the release of
relatively isomorphic areas.

Key words: GIS, geomorphometry, statistical analysis, DEM, fuzzy classification, zoning.

1. Introduction

Geomorphological justification of appropriate spatial phenomena contributes pre-
geomorphological analysis of the territory, based on a set of morphometric characteristics and
morphometric maps. In the Caucasus, a major and unique mountain system, such analysis was
carried out for the first time. We distinguishthe specific stages in the development of ideas about
orographic and geomorphological division of the Greater Caucasus: 1) "naive"™ or
"physiographic” stage, when the view was defined by methods of visual abstraction with a
predominance of "perceptual perception” of geographical space and verbal descriptions of
methods; 2) while "topographical™ stage views on the orography and zoning were formed on the
basis of small-scale and medium-scale of the topographic maps; 3) "morphostructural” stage ,
when orographic structure and geomorphological heterogeneity were tried to explain with the
involvement of geological and tectonic implicit and explicit criterias for the differentiation of the
relief space.

In our opinion, the current stage of the study of orographic and geomorphological zoning
should be characterized by withdrawal from the verbal descriptions to the direction of using
formalized and morphometric parameters using digital elevation model (DEM). Briefly it canfit
into the concept of "geometrical approach™.
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2. The study area

Caucasus is a mountainous country, located to the south of the East European (Russian)
Plain. The Northern border is usually carried out by the Kuma-Manych Depression, and here it
is the same as the conventional boundary between Europe and Asia. Greater Caucasus and
Transcaucasian uplandsare separated by Transcaucasian depression in the south. The study area
includes the plains and hills of the Caucasus.

The alternative boundary lines of the traditional zone are obtained by the method of fuzzy
classification (Pogorelov, Netrebin, 2012). We suggest the elevation of the terrain based on the
digital elevation model as an indicator of the classification. It’s the most informative and easy
indicator of the surfacemorphology. An example of the transition zone which marks the
morphological gradient transition from the folded formation of the Caucasus to the plain surfaces
is in Figure 1.wasobtained by using the fuzzy classificationalgorithms.

Fuzzy MS Large
1

i i Sl
. 0 45 9 180 km
————t———
0

Figure 1. Transitional zone of the Caucasus by a Fuzzy MS Large algorithm [Pogorelov,
Netrebin, 2012]. The value of 1 means belonging to the class of "mountains”, the value of O -
belonging to the class of "non mountains”

Therefore, some morphometric calculations based on the original DEM ASTER GDEM

made for two areas: a)delineated by the formalized physiographic principles (model A); b)
delineated by fuzzy classification method (model B) (Figure. 2).
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3 borders

Elevation, m
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0 625 125 250 km
L .28 F———t—t——t——

Fig. 2. The borders of the Greater Caucasus, delineated by geographical principle - Model A
(above) and by using the fuzzy classification - Model B (bottom)

For the main boundary delineation of the analyzed territory for the purpose of subsequent
morphometric calculations, we used thewombling method based on fuzzy classification raster
with
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the value of the parameter ¢ = 7 (Pogorelov, Netrebin, 2012). For this case the raster
reclassification was provided with the following condition: the values of the boundaries for more
than 50% were

classified as "border", the rest of the boundaries were named as "NoData". The vectorization
oftransition band, its generalization and smoothing was implemented. The border on the Taman
peninsula, the Black, Azov and Caspian seas was completed manually by vectorization. In
addition, within the Kura trough on thethalwegof the Kura riverthe boundary which separates the
Caucasus and Transcaucasia was held. (Fig. 2).

The area of Caucasus at Model A is 371,801 km?, length - 1586 km, maximum width -
391 km. The area of the Greater Caucasus within the boundaries of the model B is 255,172 km?,
length from west to east - 1586 km, maximum width - 330 km.

Statistical indicators as the criteria for zoning

The Caucasus is extremely diverse and heterogeneous, it has a variety of terrain
combining elements and we are interested in thedifferentiation of this territory using
morphometric criteria. This will give an opportunity to further analysis of morphologically
homogeneous zones (areas) with the application of statistical indicators.Methodologically
another thing is also important: such zoning contributes to the relative isomorphism of the
elevation models of allocated territories.

Under zoningwe understand theallocation of earth surface areas, considered at the
regional level, which have a certain characteristic of geometric or morphological features. This
is often reduced to the use of quantitative indicator, which reflects the properties of the Earth's
surface in an integrated way.

When implementing the geometrical approach to the description of the terrain new
opportunities  appears, such as the calculation of the relief statistical
characteristics.Morphologically homogeneous, relatively isomorphic areas of the mountainous
country can be identified by resorting to mapping of spatially statistical characteristics of the
absolute elevation of the earth's surface: the standard deviation, kurtosis, skewness, etc.

Calculation of statistics should be carried out according to the established software’s
window for calculating. We use window size of 2 x 2 km, 5 x 5 km, 10 km x 10, 20 x 20 km.
The calculations were performed in the program MicroDEM
[http://microdem.software.informer.com/]. It was decided to use the results obtained in the search
box 5 x 5 km, meet the requirements of accuracy of the description of the regional topography.

Statistical calculations and mapping weremadeby using ArcGIS geostatisticalanalyst,
Kriging was applied as the primary method of interpolation. Some of maps of the spatial
distribution of statistical measures of absolute elevationare described below.

The standard deviation of elevationcharacterizesthe dispersion of elevations according to
the average elevation for basic square. Without going into a detailed analysis of maps, we point
out that the standard deviation of the elevation is considered to be the most complete, clear and
compact indicator of the dissection of the Earth's surface, reflecting the intensity of the relief
formation processes (Geomorphology, 2005). Good noticeable differences are in the intensity of
the relief formation processes on the territory (Figure. 3).
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Fig. 3. Spatial distribution of the standard deviation of elevation (STD)

The spatial distribution of the asymmetry coefficient S gives an indication of the
morphological features of the sub-horizontal surfaces, namely, the existence and prevalence of
complicating them positive (S> 0) or negative (S <0) forms. The distribution of this index,
calculated in box 5 x 5 km, is shown in the map (Fig. 4).
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Fig. 4. The spatial distribution of the skewness elevation (S).

The values of kurtosis (E) depend on the morphological complexity of the relief (Tregub,
Zhavoronkin, 2000). Its interpretation comes from the fact that the kurtosis is equal to 0, there is
a stable equilibrium of relief-forming factors; negative values indicate an upward factor of relief
development, and positive values of the coefficient show a downward development of relief
(Geomorphology, 2005).

When E > 0 elevation are grouped in a narrow range around the most common values;
such a feature in the distribution is treated as the presence of a single site subhorizontal terrace,
slightly disturbed by tectonic deformations and forms of exogenous origin. Moreover, the higher
value takes the coefficient the more reason for such an interpretation (Geomorphology, 2005;
Tregub, Zhavoronkin, 2000).

Kurtosis elevation map, reflecting, according to (Guth, 2006; Geomorphometry ..., 2009),
the homogeneity of the terrain, allows you to select areas which are uniform and similar in
morphological characteristics and origin. In the aspect of geomorphological zoning we refer to
the precedents of the application of in geomorphometrical analysis, calculated for the territory of
Africa (Geomorphometry ..., 2009). The use of this option when analyzing a relief can be found
in foreign) Pike, Wilson, 1971; Evans, 1998; Guth, 2006, 2009;Zwolinski, Sznigir, 2015; etc.)
and Russian (Tregub, Zhavoronkin., 2000; Zhavoronkin, 2002, 2005; Pogorelov, Doumit, 2009)
works and has their own preferences in the implementation of the geometric approach.

Generalized distribution of kurtosis elevation in the study area is represented in the map
(Figure. 5), which indicateshigh regional morphological heterogeneity of the Earth's surface on
the basis of the formal criteria.
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Fig. 5. Spatial distribution of kurtosis elevation (E)

Zoning areas for similar morphological features

We have used the kurtosis elevation, which properties, namely, a reflection of the
homogeneity of the earth's surface, can solve the problem of zoning. The calculation was made
for a window of 5 x 5 km. The resulting range of kurtosis values (-1.97 ... 19.97) shows on the
histogram (Figure. 6). We use the method of geometric intervals to divide all range kurtosis
intoseven classes, which we consider as the basis for the subsequent zoning.
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Raster representation of the distribution of excess was converted into a vector model, and
polygons of selected areas were subjected to the procedures of generalization, smoothing and
refinement manually. The refinement, in particular, was related to adjustments for certain
fragments of borders, for example, bringing the class boundaries to the shoreline. The workspace
was aligned with the accepted boundaries of the greater Caucasus (Fig. 7).

Borders of Zones

B Zzone1
Zone 2
|:| Zone 3
[] Zone4
[ Zones
- Zone 6 [} 625 125

[ ] zone7

Fig. 7. Zonning areas for similar morphological features (model A
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It is clearly seen that for the distribution of the excess elevation (the index of
reliefhomogeneity) it is characteristic the concentric-zonal structure with a pronounced
dissymmetry, i.e. the inequality of contours of the zones along the long (Figure 7). At the
same time it should be noted that for each macroslopeit is characteristic the banded
structure. In connection with the identified features of territorial differentiation the
operating unit should be identified. The revealed structure has signs of zoning. According
to (Rodoman 1999) zone is defined as an area that forms a linearly ordered set in the space.
The term "zone" is used in tectonic studies. For example, to refer to the different styles of
the Alpine deformations in the Greater Caucasus G. Leonov and colleagues identified three
longitudinal zones: Axial (Central), South and North (Leonov et al., 2001). However, in
geography and geomorphology quite a strong tradition of using the term "area" in relation
to the latitude and high-altitude laws has developed.

Among the terms used to describe the spatial homogeneous allotments (taxa),
weappeal to one of the most common term‘zone’. As a rule, under the area it is understood
a compact area, characterized by a common feature or combination of features (Isachenko,
2004). This coherent, isomorphic space of region has a certain degree of homogeneity of
the morphological properties of the surface. In addition, we expect the ratio to the area of
discontinuous territory has, however, the unity of quantitative traits. Totally there are seven
zones, and as it is clearly seen they have a completely natural location, associated with
morphological complexity of the earth's surface. It is found that the complexity of the
integrated surface provided near the morphometric characteristics generally increases from
area 1 to area 7 (Fig. 7).

At nominal designation of designated areas, as required by traditional zoning the
vagueness of the wording is inevitable. To avoid ambiguity, ambiguity of the text (verbal)
description we resort to a simple enumeration of the areas (Table 1), moreover, their
isolation was based on pre-determined intervals E. Numbering complies with the logic of
the growth of absolute altitudes of areas.

Area Square of Square of Elevation Ir_1te_rva|s of the _
zones, km? zones, % intervals, Mm coefficients of kurtosis
1 3432 0,92 0-13 5-19,95
2 82 408 22,16 -28 — 247 2-5
3 63 822 17,17 -28 — 890 1-2
4 81 767 21,99 -28 — 1 686 0-1
5 41 657 11,2 -11 - 3545 -0,3-0
6 50 820 13,67 0-4767 -0,5--0,3
7 47 895 12,88 324 — 5642 -1--0,5
total: 371801 100 - -

Table 1: main characteristics of homogeneous morphological zones
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Square of zones is generally comparable except for Region 1 (delta of the Kuban
River), which accounts for less than 1%. Zones differ in morphometric parameters, and
these changes have the physical explanation, which indirectly indicates the validity of the
adopted zoning.

Evaluation of morphological homogeneity zones

Histograms show the distribution of elevation in selected areas of the frequency
falling in a given interval (Fig. 8, 9) and allow us to estimate the territorial variability in
elevation, to comprehend the laws of its distribution from the perspective of the
morphological diversity of the earth's surface of the mountain country. At the same time
the proximity of empirical distribution to the normal distribution is set. We can clearly see
that each district has the individual, specific features of a number of variations of altitude,
which also indicate the individuality of morphological "portrait” of the received taxa.
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Fig. 9. Histograms of the elevation distribution in the regions. Model A

There are common features which are displayed in the histogram. Firstly, the
elevation distribution is markedly different from normal in all zones except for the zone 7;
secondly, there is a right-skewness (asymmetry) of the histograms which is the result of
the presence of extreme values for the territory elevation with low frequency; thirdly,
histograms are characteristic by peaked, spiked view which shows frequency of congestion
in the middle (Fig. 8). Because of this basis Zone 7 is an exception. Histograms of the
elevation distribution in areas 2-7 in theboundaries of the model B are shown in the
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(Fig. 9). Their differences from areas 2-4 are related to the reduction of area per
piedmont depressions of the northern slope, which are excluded from this model of the
surface of the Greater Caucasus (model B).

Conclusion

Differentiation (zoning) in the Caucasus on the basis of morphometric promotes the release of
relatively isomorphic areas. The kurtosis coefficient E of elevation acts as an integral criterion of
morphological complexity and homogeneity of the terrain. It was found that the distribution of E in the study
area is peculiar to the concentric-zonal structure with a clear dissymmetry, i.e. inequality outlines areas along
the long axis. Seven morphologically homogeneous zones are allocated which differ in statistical estimates
of morphometric parameters.
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Abstract

Geomorphometry has traditionally focused on terrestrial landscapes, since bathymetry data
became available for all researchers online, a new era of seabed terrain analysis was
opened. The aim of our study is to apply quantitative methods to derive bathymetry terrain
classes that match the physiography of the Mediterranean Sea eastern zone.

Bathymetric position index (BPI) and lwahashi and Pike methods were correlated to form
a final physiographic map facilitating efficient geologic mapping, enabling computational
comparative geomorphometry and more effective visualization of seabed topography.

Key words: Bathymetric Position Index (BPI), GIS, Physiographic map.

Introduction

In the past, the interpretation of undersea features would have been made from nautical
charts or contour maps generated from bathymetric soundings. Now the most common
method for visualization of seabed is through the use of Digital Bathymetric Models
representing depth to give an overall picture of the terrain.

Marine geomorphology can come from a variety of sources, offering information on seabed
terrain at multiple data resolutions.

In this paper, we presented a practical method for computation of terrain variables from
bathymetry data, these Computations has become common practice in marine benthic
mapping. Terrain analysis can serve both as a way to derive quantitative measures of the
seabed to help delineate geomorphic features.

Traditionally terrestrial geomorphology has been interpreted by geologists with regard for
the processes affecting the geomorphic features.

Many scientists studied the terrain using Digital Elevation Models (DEM), but only a few
studied the seabed terrain.

Digital elevation models (DEMs) have been increasingly used in the classification of
landforms (Burrough et al., 2000; lwahashi and Pike, 2007).

Terrain analysis techniques using DEMs have been applied toearth surfaces and ocean
floors (Wright et al, 2005); evento study the terrain of planets such as Bue and
Stepinski(Bue and Stepinski, 2007).

WithGeographical information systems (GIS) and other related technologies, DEM
extracted maps can easily be viewed, interpreted and classified.
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The entire ocean floor has been mapped to a resolution of a few kilometers using satellites,
which has created an estimated surface of global bathymetry (Smith and Sandwell, 1994).
The calculation of terrain attributes of topographic variables requires some mathematical
method for representing topographic or the bathymetric surface, these calculated terrain
attributes can be very useful in describing, interpreting, and classifying geomorphology in
the marine environment and for the applications of hazard assessment, submarine cable
and pipeline route planning, habitat mapping and navigation etc...

The purpose of our study is to visualize spatial relations between different landforms thus
providing insights into geologic processes that shaped the present sea bed form of the
Eastern zone of Mediterranean Sea.

A computer generated physiographic map can be obtained fast and at the minimum cost by
an algorithm a Digital Bathymetric Model (DBM) or Digital Depth Model (DDM) of the
study area.

Study area

The study area situated from the South Eastern coastal zone of Cyprus to the Lebanese
terrestrial boundaries it lays from 32.6E to 36E and from 32N to 35N on an area of 57000
square kilometers figure 1.

S
.
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Fig.1: satellite image of the Eastern zone of the Mediterranean Sea (Google Earth).
Figure 1 of the Eastern zone of the Mediterranean Sea showing at the right side the
territories of Syria and Lebanon, and from the left side the Island of Cyprus with the under
Sea Eratosthenes Seamount.
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Material and methods

Bathymetry is the information that describes the topography of the seabed, as depth from
the sea surface to the seafloor.

The European Marine Observation and Data Network (EMODNet) Bathymetry portal
provides a range of services and functionalities to users for viewing and downloading free
of charges bathymetry data products.

EMODnet Bathymetry aims to provide an access point to bathymetric products, Digital
Terrain Models (DTM) collected and managed by an increasing number of organizations
from government and research scattered over Europe. This dataset is based upon more than
7700 bathymetric survey and Composite DTMs that have been gathered from 27 data
providers from 18 European countries.

EMODnet Bathymetry product development is based on 3 types of bathymetric data
sources single and multi-beam surveys, echo soundings and even historic lead line
soundings. These data sets are most preferred as data sources because of their high
resolution (EMODnet website).

Bathymetry data preparation

Data preparation constitute a main step in each geomorphometry project it consist of
building a Digital Elevation Models (DEM) and checking their uncertainty, the
EMODnetBentic Terrain Model (BTM) with some artifacts found on the coastal zones of
Cyprus and Lebanon figure 2, these artifacts due to the interpolation between elevation and
depth values on the coastal lines.

Figure 2a shows the BTM artifacts found on Cyprus costal side and figure 2b on the
Lebanese one, dark blue pixels constituting high depth values.
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Fig 2: EMODnet bathymetry data of the Eastern zone of the Mediterranean Sea.
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These edge effects artifacts in the database have a direct influence on the calculated terrain
variables values and are not reliable in the outermost cells of the derivative terrain
parameters.

The solution was to conduct a buffer zone of 3 kilometers from the Lebanese and Cyprian
costal lines to crop these noisy pixels from the BTM, to get a free of artifacts depth model.
A positive certainty and quality check of the BTM data was made by comparing the
extracted bathymetric contours with the international bathymetric chart of the
Mediterranean published by the head of oceanography of the USSR in 1981.

The final BTM of the study area is constituted from 1582 columns and 1003 rows at a
spatial resolution of 200 meter by pixel a quite good resolution from seabed morphometric
analysis.
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Fig.3: Benthic Terrain Model of the study area, with cross sections.
Figure 3 of the BTM with maximum depth of -2785 meters, we can see from this figure
that the seabed between Lebanon and Cyprus has a specific terrain forms.
Section AA from Eratosthenes Seamount till the Lebanese coast the seabed constituting a
U shape and along the Lebanese coast forming a wall of approximately a depth of 1500
meter.
In Section BB an extreme cliff constituting a valley near Cyprian coast then a gentle hill
and a semi plain till the Egyptian coast.
The deepest point in the study area is the very dark black area between Cyprus and the
Eratosthenes Seamount of -2785 meters.
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Methods

General geomorphometry deals with continuous surfaces in order to extract
terrainattributes (e.g. slope, aspect, curvature etc...), while specific geomorphometry aims
at characterizing or extracting discretelandforms (Evans, 1972).

The automated classification of landforms has been applied mainly in terrestrial
applications (Pogorelov and Doumit 2009; Fisher, Wood and Cheng, 2004; Dragut and
Blaschke 2006; Dragut et al., 2009; Dragut and Eisank, 2011). Similar approaches applied
in seabed mapping, but the approach has not become as widespread as the use of basic
terrain indices.

In this paper, we only solved the extraction of landforms using specific terrain parameters
such as bathymetric position index (BPI) and Iwahashi and Pike classification method.
These derived variables describes, interprets and classifies geomorphology in the marine
environment, they could be used in geology and habitat mapping.

Calculation of terrain variables requires some methods and algorithms of mathematically
representing the topographic surface and then using this to calculate the required terrain
parameter.

Bathymetric position index (BPI)

The bathymetric position index (BPI) is the marine version of the topographic position
index (TPI) introduced by Weiss (2001). BPI is based on the variation among cells within
a specified radius or annulus; it may be calculated at a variety of user defined scales formula
1,2

BPI = Zg,iq — focalmean(Zg,iq, circle,r) (1)

Where Z,,4 is the raster bathymetry grid.

Focalmean the mean is the value of the raster within the circle of radius r.

Following Lundblad’s notation indicating the scale of the BPI calculation that is denoted
as BPI scale factor, where:

scalefactor =1 X (cell size of Zgyiq) (@)

Benthic Position Index calculated using a 3x3-neighborhood window and grid cell size 200
m highlights the negative and positive features of the terrain such as crests. Depressions
are characterized by negative values (Lundblad et al., 2006).
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Fig 4: benthic position index map of the Eastern zone of Mediterranean Sea

The benthic position index map of figure 4 shows the bathymetric elements of the seabed,
benthic structures of Eratosthenes Seamount and the coastal side of Cyprus are very
complex otherwise, the seabed structure of the area facing the Lebanese territory is much
smoothed and contains very huge and spline forms constituting valleys, ridges cliffs and
flat areas.

Figure 4 show a much smoothed terrain mostly formed by flat areas and ridges in front of
the Syrian and Lebanese coasts, otherwise a totally different benthic structure on the
Eratosthenes Seamount and Cyprian coast.

As a first deduction about the two anisotropic benthic types, was the gentle slope running
from East West of the study area to the Eratosthenes Seamount.

Unsupervised classification

Iwahashi and Pike had developed an unsupervised method for classification of Landforms
based on only three terrain attributes: slope gradient, surface texture and local convexity
(Iwahashi and Pike 2007). This method restricts a number of landform classes to 8, 12 or
16 and physical meaning of those classes is set a priori by statistical properties of a
landscape
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After the application of the 16 classeslwashashi and Pike method on the study area we
regrouped the classes As follow, the classes of1, 5, 9 and 13 representing rough, convex
terrain; the second row group classes of 3,7,11 and 15 for rough, concave terrain; the

third groups of 2,6,10 and 14 representing smooth, convex terrain; the last groups of 4,8,12
and 16 are smooth concave terrain. The resultant map gives a good visual indication of the
overall site’s physiography and benthic structure figure 5.
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Figure 5: the physiographic map based on Iwashashi and Pike method.

Figure 5 of the 16 classes of lwashashi and Pike method grouped in four benthic types
forming a physiographic benthic map of the study area and showing structures in concave
and convex forms.

In a visual analysis the structures of the benthic terrain in front of Syria and Lebanon are
huger than these situated near the Cyprian coast with same deduction as the Benthic
Position Index (BPI) ones listed above, anisotropic benthic structures.

Discussion andResults

The physiography of the bathymetry of the study area appears from the BPI and
unsupervised classification maps figure 4 and figure 5. They are characterized by the
presence of the Eratosthenes Seamount and the widespread slopes to the East.
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The Eratosthenes Seamount is a rounded convex structure forming a mountain in the sea
floor off the southern coast of Cyprus with a width of approximately 70 kilometers and
water depths up to 2000 meters.

Figure 6: hill shade benthic map of the study area.
Looking at the hill-shade view of figure 6 it is, however, possible to designate several
structures elongated, rounded and others.
In figure 6a it is very clear that in the Eastern zone of the study area a little bit hue contrary
to the northern and western zone, in figure 6b the Western zone is more complex due to
the presence of valleys and complex systems, we can see some kind of streams or a narrow
valley beginning from the west and disappeared in the hue Eastern area.
Here, It is worthy to ask a question after looking to figure 6, is this data sets made from
different sources?
The answer is that the EMODnet bathymetry data is based upon more than 7700
bathymetric survey and Composite DTMs.
In the above BPI and unsupervised classifications we mentioned a smooth area with huge
geomorphometric structures in the same zone of the study area.
To clearly delineate this area we decided to run a roughness index over the benthic terrain
model (BTM).

Bathymetric Roughness
The bathymetric roughness is a measure of maximum variability in bathymetry within a
user defined analysis window (Wilson,2006).
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The scale dependence of these parameters is a ‘basic problem in geomorphology’ and the
problem is no different when it comes to bathymetric data (Dolan,2012). The values for all
the terrain variables are dependent on the resolution of the raster bathymetric data.

Figure 7 of bathymetric roughness map showing the degree of terrain complexity, divide
the study area in two zones.

A first zone of very rough terrain which is the Western zone and a smooth area the Eastern

Zone.
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20 40 80

Fig 7: Roughness bathymetry map divided in two benthic types

Figure 7 prove that the EMODnet bathymetric data of the study area was made from two
different sources with different spatial resolutions, zone 1 with higher spatial resolution
than zone 2.

The red line dividing the two zones has geometric form it means data join was made
manually.

As per the geomorphometry law, datasets with different spatial resolution lead to different
analysis result.
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Many research’s has been conduct to earth terrain landforms extractions using several
classifications algorithms, Pike et al. (2009) remarked that no DEM-derived map is
definitive and can vary with spatial scale (DEM spatial resolution).

This unexpected result of benthic analysis and the database heterogeneity obliged us to
study and compare each zone separately.

It is seen that the database of zone 1 has a higher spatial resolution than the data sets of
zone 2, the EMODnet resampled the database of zone 2 to a spatial resolution of 200 meter
by pixel to be suitable with the database of zone 1.

Zone-1 Zone-2

Type Quantity | Area% | Quantity | Area%
Upper Slope 40 0.5 4 0.1
Open Slope 135 2.1 12 0.5
Lower Slope 471 5.3 34 1.1
Valley 1462 10.5 106 4.5
Ridge 4649 20.7 360 23.3
Flat 3542 39.4 270 60.9
Cliff Base 2601 11.6 134 6.7
Open CIiff 678 7.0 28 1.9
Cliff Edge 256 3.1 23 1.0

Table 1: of BPI forms of zone land zone 2
In table 1 the bathymetric position index of zone 1 and zone 2 shows the quantity
morphological elements and the percentage of the area of each geomorphological type.
The upper slope type in both zones occupied the minimal quantity of elements, otherwise
in zone 1 the ridge type with the higher number of elements, the flat areas in zone 2
occupying the biggest area of 60.9 percent with 270 elements 60 % went to only one flat
element and the rest 0.9 % went to 269 elements.
It is very clear that the quantity of elements of all types in zone 1 are ten times bigger than
the quantity of elements in zone 2, These results of flat areas due to the smoothness and
low database spatial resolution of zone 2
The unsupervised classification of Iwahashi and Pike grouped in four figure 5, are divided
in zone 1 and zone 2 in table 2

Zone-1 Zone-2
Type Quantity | Area% | Quantity | Area%
Rough concave 4706 26.0 511 44.3
Rough convex 8437 26.4 529 40.3
Smooth Concave 1593 25.5 398 7.5
Smooth Convex 1664 22.1 392 8.0
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Table 2: Benthic forms of unsupervised classification of zone 1and zone 2

Same analysis of BPI was applied on the unsupervised method of lwahshi and Pike, in zone
1 big quantities of elements with proportional areas, otherwise in zone 2 small quantities
of elements. Rough concave and convex types occupied 84 % from the whole area, the
result of zone 2 related to a small scale data with very poor spatial resolution.

The analysis results of BPI morpho-elements inclusion in benthic lwahashi and Pike
classification types of figure 8.

In rough concave class for zone 2 all kind of slopes is missing, for rough convex in the

same zone no cliffs and slopes, for rough terrain it is impossible to not find slopes and cliffs
contrary to smooth and sedimentation surfaces.
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Fig.8: a schema of the geomorphological elements comparison between zone 1 and zone

2.

For smooth concave the difference between the two zones is the lower slope and for the

convex is the cliff base.

The loss of morphological elements in zone 2 is proving in figure 8 and already detected

in table one.

After all these tests and experiments we are very sure of the heterogeneity between zone

1 and zone 2 and the difference of data source.
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Finally we can say that physiographic benthic map of the each part could be valuable but
a unique one is invaluable, from these joined datasets we only could only extract
bathymetric contours but we could not provide a geomorphological analysis.

Conclusion

In this paper we have tested tow methods for DEM physiographic map

The aim is to evaluate the different algorithms of benthic classification and their suitability
for predictive physiographic mapping.

The benthic classification following Iwahashi and Pike is based on an unsupervised
classification; It can be characterized (in terms of spatial resolution) as a dynamic landform
classification method.

The benthic position index of seabed classification method delineates the area on
morphometric elements influenced by the spatial resolution of the datasets.

This automated classification methods allow scientists to gain the practical benefits of GIS
analysis.

A low and a high spatial resolution bathymetry data was used to model seabed
morphological features of zone 2 and zonel in the eastern part of the Mediterranean Sea.
We have inspected the study area for morphological features visually and the general
characteristics of these features were deduced and deployed in two zones in the modeling
processes.

The BPI and unsupervised classification values were calculated for different zones to
ensure maximum representation of the real morphological structures of the study area.
The wvariance in database spatial resolution could lead to diverse results in
geomorphological analysis hence different derived mapping and several conclusions and
point of views.

We conclude with recommendations to use and develop marine geomorphometry amongst
scientists already engaged in the terrestrial one, and to add geomorphometry as a science
amongst marine scientists with a wide range of backgrounds and experiences.
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Introduction

Irag is one of the countries most to contain geological structures and promising
Hydrocarbon, especially in central and northern Irag, which is characterized by that it has
reflections of geomorphology and surface structure, which greatly helped determined by
using remote sensing techniques, particularly in the event that these structures subsurface
near to the surface, as in the case of the study area, which has been observed by satellite
data.

Location of study area

The study area is located to the north and northwest of the capital, Baghdad, Iraq, along
the lines 34° 45 '- 35° 40" north and 32° 45 '- 34° 35' east, the first structure is the Southeast
Khanoga located to the eastern side of the Tigris River and along the Khanoga structure,
which is bounded lower Zab River in the north and the Tigris River and Makhoul structure
in the west, while the southwestern side Hamrin Field ( Albu Fadhol Dome). The Southeast
Khanoga structure is located within the province of Kirkuk. The second structure is North
Thar Thar, itis located to the north of Thar Thar Lake and to the southwest of Baiji structure
and within the border of the Salah al-Din province, as shown in Figure ().

Aim of the study area

The aim of the study is determining the two new structures ( Southeast Khanoga and North Thar
Thar) through the use of satellite data (moon LANDSAT7 ETM systems) and previous studies, in
addition to the conclusion sequence stratigraphy and hydrocarbon potential of the fields and
structures surrounding them.
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Figures (1) illustrate the location of the study area.
Geological surface of the study area

Geologically, The first structure (Southeast Khanoga) is located in the unstable shelf
(foothill zone) by division of Jassim and Goff (2006), which is characterized by the
proliferation of structures medium that affected rise by faults longitudinal and transverse
pattern and that had a clear impact in determining the shape of the folds and along the axes
and the symmetrical degree. Cover deposits Miocene and Pleistocene age this region,
where the deposition of Fatha Formation that consist of beds of gypsum, claystone,
limestone and marl, as well as Injana Formation deposits that consist of sandstone and
claystone, as well as deposits of Pleistocene age and recent deposits, especially the opposite
of the lower Zab River and the Tigris River that consist of gravel and sand.

The second structure is located (North Thar Thar) in the stable shelf area, divided by Jassim
and Goff (2006), where the topography is flat and exposed in this region of recent and
Quaternary deposits, plate (1).
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Plate (1) illustrates the topography of the study area.

Geological subsurface of the study area

For the purpose of clarification and knowledge of the sequence stratigraphy subsurface of
the study area, it has been the use of the results of the drilling wells of the areas surrounding
the of Southeast Khanoga structures (Makhoul, Khanoga and Hamrin structures) and North

Thar Thar structure (Mileh Thar Thar, Tikrit and Baiji structures) which led us to the
subsurface conclusion sequence stratigraphy column of the study area, table (1).

Table (1) shows the subsurface conclusion sequence stratigraphy column in study area.
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Southeast Khanoga structure

North Thar Thar structure

Age Formations Age Formations

Tertiary Injana Injana
Fatha Fatha
Jeribe Jeribe
Euphrates Dhiban
Tarijil/Palani Euphrates
Jaddala Jaddala

Cretaceous Shiranish Shiranish
Hartha Hartha
Saadi Saadi
Tannuma Tannuma
Khasib Khasib
Kifl/Mishrif Kifl/Mishrif
Rumaila/Dokan Rumaila
Mauddud/Jawan Ahmadi
Upper Sarmord Nahr Umr
Shuaiba Shuaiba
Ratawi Ratawi
Garago Lower Sarmord
Makhul Chia Gara

Jurassic Gotnia Gotnia
Najmah Najmah/ Naekelekan
Sargelu Sargelu
Alan Alan
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Below is a description of surface geological formations in the study area: -

* Fat ha Formation

Mention naming lower Fars on this formation for the first time in Iran by Busk and
Mayo, 1918: in Bellen et al., 1959. They considered the stratigraphy units rock after it was
divided into a series of layers of several researchers such as Pilgrim 1908; in al-Jubouri,
1999. And later replaced this name in Iraq, was chosen a typical section became known as
Fatha Formation.

Cited Kitchin in an unpublished report (In Bellen et al., 1959) divided the rocks of this
formation in Kirkuk area into the following units: Upper Red Beds, Seepage Beds,
Saliferous Beds, Transition Beds, consists of a succession depositional cycles consist of
evaporates , limestone, silt. the age of formation has been proven in middle Miocene
(Serravallian), this formation is considered one of the important formations in the east of
the Tigris River region(Alnaemi,2012).

* Injana Formation

This formation is called previously Upper Fars, where consists of different sizes and
type, starting from the claystone, siltstone and sandstone, the age of formation back to
upper Miocene - lower Pleistocene (Buday, 1980). He mentioned Hussein, 2009; that the
Injana Formation consist of sandstone of different sizes with successive claystone in the
sedimentary cycles repeated with increasing thickness of the claystone layers in the upper
part of the formation as well as a secondary gypsum deposits in various formation layers.

= Quaternary deposits and Recent Sediments

Quaternary deposits consist of flood lowlands deposits and sand deposits and old river
terraces deposits of the Tigris River, that river terraces depositions consistence a belt form
around the riverbed of Tigris River and consist of gravel and sand with secondary gypsum
with silt and clay, and high permeability. Featuring beds outcrop (exposure) on two sides
of Tigris River and In some valleys side some sedimentary structures such as Cross
bedding, linear bedding and lens forms of clay or silts beds within gravel beds.

Spread in the study area the recent deposits and Quaternary deposits represented friable
deposits and fluvial deposits of different lithology properties of clays and sands in addition
to the presence of evaporate rocks.
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Southeast Khanoga structure

This structure extend on the eastern side of the Tigris River and parallelism southeastern
extensions to Khanoga structure, It is a structure fitting with a superficial appearance of a
weak and through the use of and satellite data interpretation shows that the length of the
Southeast Khanoga structure up to 14 km and width of about 7 km, which is a fold anticline
longitudinal wide and asymmetrical, the extend of axis NW-SE, figure (2), plate (2).
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Figure (2) shows the Southeast Khanoga and its relationship with the surrounding
structures. (Reference: Almufti and Alnaimi, 2016)
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Plate (2) illustrates the boundary of Khanoga structure.

North Thar Thar structure

This structure extends to the north of Thar Thar Lake, and to the west of the Tikrit structure,
which is a structure with a weak surface appearance, and through the use of satellite data
interpretation shows that the length of the North Thar Thar structure is about 15 km and
width of about 3.5 km, this structure is a longitudinal shape, the axis direction southeast —

northwest, Plate (3).
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Plate (3) illustrates the North Thar Thar structure.

Lineament of the study area

Some lineament a joints or faults consisted by folding and lifting operations tectonics, and
path of the Tigris River and changed it in the plunge of the southeast Khanoga structure
What is location of the major fault led to the river path change, figure(2).
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Figure (3) illustrates the relationship a major Tigris river fault with a lower Zab river
fault. (reference: Almufti & Alnaemi, 2016)

Lineament of Southeast Khanoga structure

Through the use of satellite data (moon LANDSAT7 ETM systems) showing the
deployment of tree drainage patterns modern in the area of Southeast Khanoga structure
that these patterns reflect the subsurface structure ovoid shape, Plat (4).

52



Determined two new structures (Southeast Khanoga and North TharThar) using remote sensing

techniques (central Iraq)

Dr.Torhan Medhhir Almufti * Ahmed Ibrahim Saleh Al-Naemi Geosp publication n° 16-2017

Plate (4) illustrates the lineaments of Southeast Khanoga structure.

Lineament of North Thar Thar structure

Through the use of satellite systems LANDSAT7 ETM shows the deployment of tree
drainage patterns modern in the North Thar Thar area, so that these patterns reflect the
complex subsurface elongated shape, plate (5).
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Plate (5) illustrates the lineaments of North Thar Thar structure.

The study reflections of color

The reflections of color, indicating the difference lithology, structural, vegetation,
humidity, etc.... Alattar,1993. It is through our observation of the study area, we find that
the Southeast khanoga area with a light color and free of vegetation, which reflects the
percentage of humidity in a few or less of the surrounding areas, note that the vegetation
in this area depends on rain water mainly, While the North Thar Thar area, the difference
color clearly reflecting the difference lithilogy and vegetation, this can be conclusion the
presence of structures subsurface and near to the surface (Southeast Khanoga and North
Thar Thar structures), Plate (1).

The hydrocarbon potential

from conclusion the stratigraphy column for the Southeast Khanoga structure and
Compared with fixative the presence of hydrocarbons in the neighboring structures
(Makhoul, Khanoga and Hamrin) can give an initial picture of the prospects for
hydrocarbon formations on the container for this structure, as follows: -

1- Sequence stratigraphy of Tertiary as reservoir rocks (Jeribe and Euphrates
Formations).
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Sequence stratigraphy of Upper Cretaceous as reservoir rocks (Hartha and Khasib
Formations).

Sequence stratigraphy of Lower Cretaceous as source rocks (Makhul Formation).

4- Sequence stratigraphy of Jurassic as source rocks (Sargelu Formation).

As to

North Thar Thar structure, from conclusion the stratigraphy column for the North

Thar Thar structure and Compared with fixative the presence of hydrocarbons in the
neighboring structures (Baiji, Tikrit and Melih Thar Thar) can give an initial picture of the
prospects for hydrocarbon formations on the container for this structure, as follows: -

1-

Sequence stratigraphy of Tertiary as reservoir rocks (Jeribe and Euphrates
Formations).

Sequence stratigraphy of Upper Cretaceous as reservoir rocks (Hartha and Khasib
Formations).

Sequence stratigraphy of Lower Cretaceous as source rocks (Makhul Formation).

Sequence stratigraphy of Jurassic as source rocks (Chia Gara and Sargelu
Formations).
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Conclusions

Through the current study has been reached:

1-

2-

Identification of the new structure is Southeast Khanoga, it is a fold anticline oval-
shaped length of 14 km and 7 km width, direction of axis northwest - southeast.

Identification of the second new structure is North Thar Thar, it is a longitudinally
structure length about 15 km and 3.5 km width, direction of axis northwest -
southeast.
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Résumé :

La télédétection spatiale a été appliquée pour étudier 1’évolution de la végétation dans le
Parc National d’El-Kala, au NE de 1’ Algérie, par traitement des images LANDSAT entre
1995 et 2015. Le calcul de I’indice NDVI s’impose pour la réalisation de cartes qui mettent
en évidence les changements advenus au cours des péeriodes retenues. Les résultats obtenus
ont permis d’observer une évolution positive bien que contrastée de la couverture végétale
agricole et naturelle entre 1995 et 2005 et depuis 2005 la végétation est assez stable.

Mots clés : détection des changements, NDVI, Parc National d’El Kala, Télédétection,
végétation

Introduction

«La forét méditerranéenne n’est plus, depuis longtemps, un espace naturel » (Rinaudo,
1988). Cependant, Les régions méditerranéennes hébergent une biodiversité et des
structures forestieres originales qui reflétent les vicissitudes d’une histoire écologique
originale laquelle intégre le poids des impacts précoces des sociétés humaines (Quezel,
2003). De plus, « dans de nombreux Etats, en I’absence d’une politique forestiére, le milieu
forestier méditerranéen se dégrade et devient la proie d’une exploitation humaine
anarchique » (Ouelmouhoub, 2005). Les études du suivi de la végétation permettent de
connaitre les tendances actuelles dans les processus de déforestation, de dégradation et de
perte en biodiversité (Thompson et al. 1999, Lambin et al. 2001). Depuis une vingtaine
d’années, la télédétection spatiale a été appliquée a 1’étude des écosystémes africains dans
divers domaines : suivi de la végétation, détection des feux, mesure de la dégradation
forestiére (Philipe, 2003). La meilleure procédure pour mesurer les changements de la
végétation due a ’activité anthropique est 1’étude multi-date de la couverture végétale
(Lambin et al. 2001, VVagen, 2006).

La présente etude vise a comprendre comment évoluent le couvert végétal naturel et
agricole d’un secteur méditerranéen situé au Nord-est de 1’Algérie, le secteur du Parc
National d’El Kala, (PNEK). Celui-ci a été choisi en raison de I’importance qu’il revét par
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la richesse biologique de ses habitats. Comme cet espace est devenu un parc national, il est
susceptible de connaitre une évolution favorable en raison des mesures de protection qui y
sont développées depuis plus de 30ans. Cependant, cette région littorale subit des pressions
anthropiques, en raison du maintien de la présence d’activités agricoles, comme le
pastoralisme, mais aussi en raison du développement de 1’activité touristique. La question
traitée ici est de comprendre comment a évolué la couverture forestiere depuis plus de
20ans, en utilisant le traitement des données issues des images satellite. L’évolution de la
couverture végétale est analysée par traitement des images LANDSAT de 1995, 2000,
2005, 2010, 2015.

Zone d’étude

Il existe en Algérie des sites ornithologiques de trés grande qualité, souvent méconnus en
Europe (Hamouda, 2012). Créé en juillet 1983, le PNEK dans 1’arriére-pays littoral,
recouvre une superficie d’environ 80.000ha. Il renferme une mosaique d’écosystémes et
se caractérise par des zones humides dont I’ensemble constitue un complexe considéré
comme unique dans le bassin méditerranéen. Riche d’environ 840 espéces, la flore se
caractérise par un taux particulierement élevé d’espeéces endémiques, rares et trés rares
(Belair, 1990). La richesse faunistique n’est pas moins la plus spectaculaire
(Ouelmouhoub, 2005). On compte, 189 especes d’oiseaux, dont 21 rapaces, et 61 especes
de ces oiseaux sont protégées par le décret présidentiel du 20 aout 1983 complété le 17
janvier 1995 (Benyacoub et al, 1998). Les zones humides sont de notoriété internationale
5 sont inscrites sur la liste RAMSAR relative a la convention sur les zones humides,
notamment les lac Tonga, lac Oubeira et lac el Mellah (Fig.1).

Le PNEK représente la plus grande aire protégée du Nord algérien et aussi la plus riche en
biodiversité. Ces caractéristiques lui ont valu le statut international de Réserve de
Biosphere par ’'UNESCO en 1993.

Données et méthodologie du travail

Les métadonnées affichées dans le tableau 1 sont des informations numériques
complémentaires et indispensables pour I’interprétation, la comparaison et le traitement
des images satellitaires. D’autres informations comme 1’¢lévation et 1’azimut du soleil
permettent de faire des corrections radiometriques et améliorer ainsi la réflectance de
certains themes de la surface de la terre. En effet, les images ainsi choisies ont une qualité
tres bonne avec un minimum de couverture nuageuse estimée proche de 0%.

Le choix des images Landsat a été basé principalement sur leurs disponibilités sur les sites
Web de la NASA. Les capteurs satellitaires sont exposés habituellement aux effets
atmosphériques (nuages, poussiére et autres météores) ce qui rend la vision et
I’interprétation de 1’image parfois difficile. Nous avons donc choisi des images quasiment
peu perturbées par la nébulosité. En outre, nous avons choisi de nous focaliser sur des
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images concernant des mois identiques afin de rendre plus fiable notre comparaison. C’est
pourquoi nous avons opté pour les mois de juillet des années disponibles et pertinentes
pour notre étude. Notre objectif est de mesurer s’il y a une évolution positive des couverts
veégeétaux depuis les dernieres décennies. Avec les images choisies,
Tableau 1 : les principales métadonnées de images Landsat utilisées

Métado | Date 1 Date 2 Date 3 Date 4 Date 5

nnées

Landsa

t scéne | LT5192035 | LE719203520 | LE71920352005 | LT51920352010 | LC81920352

identifi | 19951 00188FUI00 185EDC00 191MPS00 015189LGN

é 98MPS00 00

Capt Landsat 4-5 | Landsat  4-5 | Landsat4-5 TM | Landsat4-5TM | Landsat 8
™ ™ OLlI

Date 1995/07/17 | 2000/07/06 2005/07/04 2010/07/10 2015/07/08

d’acqui

sition

Jour/ | jour jour jour jour jour

nuit

Qualité | 7 9 9 9 9

d’acqui

sition

Sun 55.1625227 | 65.05884552 64.8292847 64.53377498 66.38993346

Elev

Sun 105.135257 | 115.85044861 | 114.7677917 116.13576737 118.9491555

azimut

Project | UTM UTM UTM UTM UTM

ions

des

cartes

Datum | WGS84 WGS84 WGS84 WGS84 WGS84

Les données NDVI, Normalized Difference Vegetation Index (indice de végétation par
difféerence normalisée), sont habituellement utilisées pour effectuer des suivis des états et
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des changements la végétation, avec analyse des relations entre les précipitations et
I’évolution temporelle de cet indicateur (Williamson et al. 2012).

Traitement des images satellitaires :
1. Prétraitement des images satellites :

Pour tirer le maximum d’avantages de 1’imagerie satellite, il est nécessaire de réduire ou
d’éliminer les erreurs intégrées dans les données dues au capteur, les effets atmosphériques
et d’éclairage, ainsi que la mauvaise superposition des images.. Les capteurs satellitaires
sont exposés habituellement aux effets atmosphériques (nuages, poussiére) ce qui rend la
vision et I’interprétation de 1’image parfois difficile. Nous avons donc choisi des images
quasiment peu perturbées par la nébulosité et d’une trés bonne qualité avec un minimum

de couverture nuageuse.

2. le calcul de ’indice de la végétation par différence normalisée NDVI :

Défini par Tucker (1979), le NDVI est un indice de végétation utilisé couramment dans les
études sur le suivi de la végétation. Les applications du NDVI sont nombreuses :
évaluations de la déforestation, suivi des feux de foréts, suivi de la désertification et méme
des ravages causés par les insectes (Jepsen et al, 2009). Etant entendu que la végétation
absorbe une partie importante du rayonnement solaire dans le rouge et qu’elle le réfléchit

au maximum dans le proche infrarouge, le calcul du NDVI peut s’écrire de cette maniere
(Tucker, 1979) :

S ) = s
PNIR T Pred

PNIR est la bande spectrale au proche infrarouge compris entre 0,55 et 0,68um, et PRED
est la bande spectrale correspondant au rouge compris entre 0,73 et 1,1 um. Les valeurs
théoriques du NDVI sont comprises entre -1 et 1 (entre 0,1 et 0,9 pour la végétation) (Doll
D, 2010). Huete et al (2002), considérent que cet indice est suffisamment stable pour
permettre des comparaisons de 1’activité végétale aux pas de temps saisonniers ou
interannuels.
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3. la technique « change detection »

La détection du changement est le processus d'identification de la variation d'un objet ou
d'un phénomeéne au cours du temps, en l'observant a des moments différents. Il implique
la capacité de quantifier les effets temporels en utilisant des ensembles de données multi
temporels (Singh, 1989).

L’opération de « Change detection » consiste en la soustraction entre les valeurs de NDVI

d’une premiére image ou image antérieure et la suivante ou image postérieure, pixel par
pixel, puis détermination des classes de comparaison selon le degré de changement entre
les deux images (Mariotto, 2010).

NDVI (Xi) — NDVI (Xj) = Change détection (Xij)
On distingue généralement trois classes :

e Les pixels ayant une valeur supérieure a 0 reflétent les zones qui ont connu un
enrichissement de la végétation a partir de la date i.
e Les pixels dont la valeur est égale a 0 sont les zones qui n’ont connu aucun
changement dans la période i-j.
e Les pixels avec une valeur négative correspondent aux endroits ou le couvert
végétal a régressé.
Résultats et discussions

Une étude approfondie comparative a été faite selon des images LANDSAT en se basant
sur I’indice de végétation NDVI afin d’assurer un bon traitement et une bonne lecture de
I’évaluation du couvert végétal naturel et agricole dans le PNEK.

Suivi de la végétation a partir I’indice NDVI

Le calcul de I’indice NDVI, nous a permis de constater et quantifier 1’état de la végétation
dans le PNEK durant une période de 25ans. Cette analyse a été appliquée sur des images
LANDSAT 4-5TM et 80LI LANDSAT avec résolution de 30m.
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Fig. 1 : les cartes résultant du calcul de I’indice NDVI sur les images LANDSAT

D’apres la figure 1, les résultats obtenus par calcul de 1’indice NDVI sur les images
LANDSAT, nous ont permis de constater une progression importante de la couverture
végétale du PNEK entre 1995-2005, en revanche, la période 2005-2010 parait assez stable.
Une majorité des changements positifs a été localisée autour des lacs du PNEK (lac
Oubeira, lac el Mellah et lac Tonga). La région d’étude est une zone rurale et I’agriculture
est le secteur d’activité dominant, donc la présence d’un nombre important de lacs permet
une évolution paradoxale. En effet, les lacs et plus particulierement celui d’Oubeira est la
source d’irrigation des cultures principales dans la région. Le développement de
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I’agriculture a proximité du lac Oubeira, a pour conséquence la diminution des surfaces
de pelouse et forét claire (Hamouda, 2012). La végétation, en dehors des zones humides
est essentiellement xérophile. Les variations des précipitations et en particulier des années
plus riches ont peu d’impact sur la végétation d’ensemble. La superficie lacustre augmente
en période plus humide entrainant une diminution de la végétation naturelle parce que les
parcours pastoraux augmentent.

Tableau 2: la superficie de la végétation durant la période retenue pour les images
LANDSAT

Surface en kmz2 (images landsat)
NDVI 1995 | NDVI 2000 | NDVI 2005 | NDVI2010 | NDVI 2015

Végétation | 170,6462 180,4621 185,771 267,435 171,9631

dense
Végétation | 298,7483 310,2135 455,079 352,9918 468,0116

modéree
Sol nu 280,467 253,137 101,481 121,819 105,1043
Eau 21,24 27,76 29,19 29,46 26,63

Total 469,71 490,67 640,85 620,42 639,97
Végétation

Total 771,42 771,57 771,51 771,70 771,70

Selon les résultats mentionnés au tableau 2 :

La période située entre 1995 et 2005 a été marquée par une progression de la superficie
totale de la végétation passant de 469km?2 a 640km?2 soit une évolution de 36,46%. On
constate que la végétation modéré est la classe la plus progressée en comparant avec la
végétation dense, cela s’explique par I’activité agricole tres développée dans cette période
en tant que secteur dominant pour la population locale. En outre, La régression de la classe
de sol nu de 280km? allant a 101km? soit une régression de -63%, confirme notre
progression du couvert végétal naturel et agricole.

En revanche, les 10 dernieres années, sont marquées par une stabilité de la couverture
végétale qui n’a pas subi des grands changements, mise a part une progression importante
de la végétation dense passant de 185,771 a 267,435km?, et d’autre part une petite
régression entre 2005 et 2010 a touché la végétation modérée de 455,079 km 2 & 352,9918
km 2, due a différents facteurs tels que les incendies, le surpaturage, les changements
climatiques qui affectent les paysages et la biodiversité du PNEK. Ces derniers peuvent
conduire a une dégradation importante de certains écosystemes (Bougherara, 2011). La
contraction des foréts et I’extension des terres agricoles sont les principaux changements
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qui marquent 1’évolution des paysages ou des zones humides du parc au cours des derniéres
décennies (Hamouda, 2012).

La classe d’eau (lac, barrage) a eu une petite progression, revient a priori a la construction
du barrage de Mexa en 2005. En outre, les efforts d’Etat algérien contre toute exploitation
accrue sur les zones humides.

Relation entre les précipitations et la végétation

1500
1000
500
0
1995 2000 2005 2010 2015
Landsat Précipitation

Fig. 2 : la relation entre les moyennes annuelles de précipitations et la superficie de la
végétation dans la région d’El Kala

L’analyse qui a été faite sur les moyennes annuelles de précipitations de chaque année
d’observations par image satellite, démontre une bonne relation entre la variabilité de la
pluviométrie et celle de la superficie de la végétation. En outre, un traitement mensuel de
ces valeurs pluviométriques démontre que les conditions hydriques des sols suivent la
méme variabilité des précipitations et que ce sont elles qui déterminent aussi les
changements de la couverture végétale. Ce qui n’était pas sans conséquences positives sur
I’hydrologie du lac, la dynamique de la végétation aquatique, 1’agriculture et la gestion des
parcours au cours de ces dernieres années (Boumaraf. 2010)

Il convient ainsi de noter que cette évolution de la superficie de la végétation n’est pas
uniquement due aux conditions climatiques mais il y a d’autres facteurs ayant favorisé
I’augmentation de la couverture végétale, en particulier, sans doute, les effets des politiques
de mise en protection.

La détection des changements

La carte obtenue apres le traitement de I’indice NDVI, révele des changements au sein du
PNEK durant la période retenue.
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La figure 3 montre les endroits qui ont été les plus exposés a la dégradation des surfaces
végeétales dans le parc et les zones ou la végétation a vu une extension au cours de la période
retenue. Des changements négatifs limités ont touché le couvert végétal hygrophile du lac

Tonga (nord-est du parc). Pourtant, il convient de signaler que le lac Tonga n’a jamais subi
d’impact des activités humaines.

Sur la méme figure, on remarque que la région du lac Oubeira (situé au nord du parc) a
connue des grands changements négatifs. Ce secteur est exploité depuis la fin des années
1970, en raison de Dattractivité qu’il constitue pour les activités agricoles. Cette
exploitation accrue sur les zones humide a engendré une dégradation importante de cet
écosysteme.ces dernieres années les autorités locales et nationales ont pris conscience de
la nécessité de préserver la biodiversité, la sensibilité de ce complexe humides contre
toute utilisation incontr6lée et I’exploitation accrue la population locale, et ils ont instauré
une protection autour des lacs afin d’empécher les activités de pompage, exploitation
abusive et de permettre la protection de ces écosystemes. Ces changements négatifs
s’expliquent par les efforts de 1’Etat algérien récemment pour protéger les zones humides
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Fig. 3 : Carte de la détection des changements entre 1995 et 2015 a partir du traitement des
données tirées les images LANDSAT

En revanche, la région du lac ElI Mellah (nord-ouest du parc), a eu des changements
beaucoup plus positifs, ces résultats sont dus au fait qu’elle a été épargnée par I’activité
humaine. L’exploitation de ce phénomeéne est a chercher dans la nature du sol (salé) de
cette zone ou I’avancée des sables marins qui modifient la texture la rendant plus difficile

pour I’activité agricole. D’autre part sa proximité du lac el Mellah fait que les puits creusés
dans la zone-test n’ont aucune utilité, car I’eau puisée est elle aussi salée (Hamouda, 2012).

Concernant la région du Bougous (situé¢ au Sud du parc), I’activité agricole a été tres
soutenue en raison de la présence d’une source d’irrigation (le barrage de Bougous). Cette
activité a eu des conséquences significatives, notamment la contraction du couvert végétal
en raison de la construction de barrage bougous en 2005 et la mise en eau en 2010.

Tableau 3: Superficie de classes de changement dans le PNEK entre 1995-2015

La détection des changements  Superficie (km?)

Changement positif 348
Pas de changement 413
Changement négatif 8

Une partie considérable du PNEK avec une superficie de 348kmz, a eu une progression
importante de sa végétation et cela témoigne de I’efficacité des politiques engagées pour
la conservation de la nature. En Outre, une superficie de plus 413km? n’a pas eu de
changement depuis 1995. Ce qui nous parait intéressant et important, c’est que la petite
superficie concernant les changements négatifs 8% ; Si notre étude consiste a observer et
a comprendre la progression de la végétation dans une aire protégée, ces résultats ont
confirmé 1’objectif de notre analyse que la conservation et la protection des milieux
sensibles ont une place importante dans les politiques environnementales en Algérie.

Conclusion

Le suivi du changement de la végétation dans notre aire protégée (Parc National d’El Kala)
a été mené a partir d’une analyse des images LANDSAT de résolution 30m, prises en
1995, 2000, 2005, 2010, 2015. Notre étude est basée sur le calcul de I’indice de végétation
NDVI. D’une maniére générale les cartes résultant du traitement des images LANDSAT,
montrent I’augmentation de la superficie de la végétation du PNEK entre 1995 et 2005 de
plus de 36% soit une superficie de 171km?, en revanche, 1’observation, des variations
jusqu’a de 2005 a 2015, indique que le couvert végétal naturel et agricole n’a pas eu des
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grands changements. En effet, [’accroissement de la population rurale a généré une
transformation radicale de I’utilisation du milieu : déforestation, surpaturage, urbanisation,
incendies. Ces phénomeénes ont profondément perturbé les équilibres écologiques. La
sauvegarde des écosystemes exige des décisions visant a permettre une conservation de la
biodiversité et des habitats menacés. La question des politiques publiques mérite d’étre
envisagée dans une approche qui viserait a concilier ces objectifs ainsi que ceux visant a
promouvoir un développement durable (Diaf I. et Pech P., (en préparation).
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