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ABSTRACT:

Studies on the change in occupation and land-use are of great importance in order to understand landscape dynamics in the process
of agricultural land degradation, urbanization, desertification, deforestation and all change in the landscape global of a region. The
most effective procedure to measure the degree of land-cover and land-use changes is the multi-date study. For this purpose, the aim
of this work is to analyze the current evolution of land-use and land-cover (LULC) using remote sensing techniques, in order to
better understand this evolution. For this purpose, a diachronic approach is applied to satellite images acquired in 1987 to 2018 of
Ma’rib city Yemen. The LULC maps we obtained were produced from different image analysis procedures (non-supervised
classification and recode technique) to map the land-use and land-cover. The objective of this study is to apply reproducibly and
generalizable a predefined nomenclature to different scenes of satellite images. The first step consists in interpreting the radiometric
classes obtained by non-supervised classification so as to form the classes of the thematic nomenclature. An improvement of the
classification is then obtained by using the recode technique which makes it possible to correctly reassign the previously badly
classified pixels of the satellite images classification. Land-cover maps obtained from remote sensing were used to quantify the rate
of change (Tc) and (Tg) of area occupied by each class. The results will indicate the most changeable period and the percentage of
overall change in the study area (Ma’rib Yemen), and helped to identify and characterize the spatial and temporal evolution of land
use in the district over a period of thirty-one years (1987 to 2018). They reveal that annual average rates of decline for the water
body is -83.5% and -9.96% for the sandy land. However, it was observed an increase in built-up area 365.52% and farm land
324.52% classes.

1. INTRODUCTION rapid changes of land-use and cover than ever before,

particularly in developing nations, are often characterized by

Land-use and land-cover changes in world-wide environmental
modifications that can lead to adverse effects (Igbal and Khan,
2014) .That why the analysis of LULC change is necessary for
both scientific and policy actions on cities vulnerability
assessment (Brown et al.,, 1999; Benoit and Lambin, 2000;
Ayad, 2004; Baby, 2015).

The LULC change analysis provides a primary information for
sustainable Ma'rib city management, therefore, it is very
essential for the obtaining the reliable information in order to
support proper land resource management planning in the study
zone (Weismiller and Momin, 1977; Wu et al., 2002; Zoran,
2006; Zhang and Zhu, 2011; Butt et al., 2015a). Changes in
LULC signify environmental changes brought about by natural
or anthropogenic consequences (Rawat and Kumar, 2015). The
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rampant urban sprawling, land degradation, ensuing enormous
cost to the environment (Sankhala and Singh, 2014). The main
drivers of global environmental change and sustainable
development are land-use and change in land-cover. Land-use
and land-cover change were examined in this work to quantify
land-use / land-cover change in the city of Ma'rib in Yemen.
This provides an important aspect in evaluating, monitoring and
conserving Earth’s resources that is required for sustainable
development and economic proliferation of an area (Rawat et
al., 2013a). It is therefore indispensable to examine the changes
in land-use/cover, so that its effect on sustainable land-use
planning can be formulated (Muttitanon and Tripathi, 2005).

The advent and development of the integrated geospatial
techniques with Remote Sensing (RS) and Geographic
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Information Systems (GIS) the enumeration of spatio-temporal
landuse dynamics has become easy, quick,cost-effective and
accurate (Rawat and Kumar, 2015). The basic principle of using
remote sensing data for growth monitoring is the process of
determining and / or describing changes in the properties of the
land-cover, which identifies the change between two or more
dates (data multi-temporal remote sensing) which is not
characteristic of normal variation. Many researchers have
addressed the problem of accurately monitoring changes in
land-cover and land-use in a wide variety of environments
(Shalaby and Tateishi, 2007). Digital image processing on
multi-temporal multi-spectral satellite imagery has great
potential in LULC categorization, landscape dynamics and
change detection analyses. The changes in land-use and land-
cover due to various physical, climatic factors are directly
influencing the socio-economic status of local people along the
Ma'rib in space and time. Usually the LULC change in remote
sensing involves the analysis of two registered, aerial or satellite
multispectral bands from the same geographical area obtained at
two different times. Such an analysis aims at identifying
changes that have occurred in the same geographical area
between the two times considered (Radke et al., 2005). Satellite
remote sensing is a potentially powerful means of monitoring
land-use change at high temporal resolution and lower costs
than those associated with the use of traditional methods (El-
Raey et al., 1995). The growth of population, urbanization and
agricultural and other activities are altering the existing state of
landuse and land-cover features (Clark, 1982; Jaiswal et al.,
1999; Chilar, 2000; Yuan et al., 2005; Joshi et al., 2011; Rawat
et al., 2013).

The land-use changes without considering environmental
sustainability is increasing the demand for land resources like
agriculture, minerals, soil and water (Gibson and Power, 2000;
Lu et al., 2004; Zoran, 2006; Santhiya et al.,2010). Nowadays,
the rate of demand is higher than the rate that the land can
sustainably provide in water and land resources, which causes
more serious long-term sustainability problems around the
world (Xiuwan, 2002). In Yemen, Ma'rib, the construction of a
dam and population growth are the principal facts about
changes in the city's environment.

Global assessment of percentage of land-cover affected by
human action vary from 20% to 100%, whereas, the humans
appropriate 20% to 40% of the earth’s potential net primary
biological production (Richards, 1990; Nemani and Running,
1995; Brown et al., 1999; Small and Nicholls, 2003). Increasing
of population and climatic variability produces changements on
the landuse and land-cover (LULC) causing the greatest
environmental impact on vegetative cover, shoreline change,
landform (Chandrasekar et al., 2001; Chauhan and Nayak,
2005; INCOIS, 2009; Mahapatra et al., 2013; Kaliraj et al.,
2014).

The integrated remote sensing and GIS techniques provide the
successful platform for mapping the LULC features as per user
requirement (Jaiswal et al., 1999; Chandrasekar et al., 2000;
Yagoub and Kolan, 2006; Kawakubo et al., 2011; Misra et al.,
2013; Rawat and Kumar, 2015). In the conventional methods,
the mapping of LULC features is performed using available
records, maps and field survey. It is often time consuming
process, exhaustive and expensive and the output maps soon
become outdated with the passage of time particularly in the
rapidly changing environment (Anderson et al., 1976;
Wickware and Howarth, 1981; Singh, 1989; Nemani and
Running, 1995; Nayak, 2002; Wang et al., 2004, 2008; Rawat

et al., 2013). Satellite image provides a synoptic coverage of the
earth surface in spatial and temporal scale helps to understand
the changes happened in various parts of the environment.
(Misra et al.,, 2013). Integrated GIS and remote sensing
technique deals with the spatio-temporal information of LULC
features and well recognized for decision making in the
scientific realm (Rawat et al., 2013; Misra and Balaji, 2015).
The GIS and remote sensing combines the multiple spatial
datasets such as maps, aerial photographs, and satellite images
for preparing the quantitative, qualitative and descriptive geo-
databases for periodical changes of the LULC features. Many
researchers have stated that the remote sensing techniques for
LULC change detection analysis in local, regional and global
scales (Wickware and Howarth, 1981; Avery and Berlin, 1992;
Jaiswal et al., 1999; Chandrasekar et al., 2000; Alam et al.,
2002; Jayappa et al., 2006; Santhiya et al., 2010; Mujabar and
Chandrasekar, 2012). Landsat and Sentinel-2 images are used
worldwide for LULC change detection analysis (Baby, 2015).
The advantage of Landsat and Sentinel-2 images with adequate
spectral properties provide better information on LULC changes
compared to point data collected by on-site instruments during
in-situ survey (USGS, 2004; Muttitanon and Tripathi, 2005;
Kawakubo et al., 2011). Many researchers have stated the use of
Landsat and Sentinel-2 images LULC change analysis (Toll,
1985; Vogelmann et al.,1998; Dwivedi et al., 2005; Akbari et
al., 2006; Dewidar and Frihy, 2010; Hereher,2011).

Recently developed algorithms and techniques and software
provide relatively accurate information on change detection and
transformations of LULC features in the area of interest
(Richards and Jia, 2006; Amin and Fazal, 2012; Mohammady et
al., 2015). Using nonsupervised classification technique and
recorde technic, on the Landsat and Sentinel-2 images provides
relatively accurate result in change detection assessment. The
present study delivers the trends in landuse and land-cover
changes and transformation in the Ma'rib city.

2. OBJECTIVE

Digital image processing on multi-temporal, multi-spectral
satellite imagery has great potential in LULC categorization,
landscape dynamics and change detection analyses. we are
Using non-supervised classification technique and recorde
technic, on the Landsat and Sentinel-2 images to provide
relatively accurate result in change detection assessment. The
present study delivers the trends in land-use and land-cover
changes and transformation in the Ma'rib city.

3. STUDY AREA

The oasis of Ma’rib is located in the central part of the republic
of Yemen (Located between latitude and longitude at: 15. 47,
long: 45. 3229 1II N 15 28'12", E 45 19'22), and is about 173
kilometres away from the capital Sana'a. Situated at the south-
western margin of the Ar-Rub’ Al-Khali named Ramlat as-
Sab’atayn (Fig. 1). The region is influenced by the Indian
Summer Monsoon (ISM) and the North Easterly circulation in
the winter months; the images on (Fig. 2) show the different
landscapes of the study area. The desert margin receives very
limited moisture twice a year, in the form of ISM rains, reduced
by lee effects caused by the Yemen Highlands, and in the form
of slight precipitation brought by the North Easterlies in winter.
The present climate in Ma'rib has a mean annual precipitation of
<100 mm, an evaporation of >1800 mm and mean temperatures
of 28 °C (Bruggemann, 1997).
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“Fig. 2

4. DATA AND METHODOLOGIES

The data used in this study include Landsat images, including a
Thematic Mapper (TM) image acquired on 11 September, 1987
and Enhanced Thematic Mapper Plus (ETM+) images acquired
2001, in 2011, and Sentinel-2 image on 2018(Fig.3). These time
series of Landsat and Sentinel-2 images were acquired during
the growing seasons and are freely available from the Landsat
archive from the United States Geological Survey (USGS)
(http://glovis.usgs.gov) (http://edcsns17.cr.usgs.gov). All visible
and infrared bands (except for the thermal infrared band) were
included in the analysis. Archived data and old sketch maps
(which we scanned and geometrically registered) that were
related to the rural urban planning and land reclamation
processes in the study area were collected from the Department
of Urban Planning and Rural Development in Ma’rib, as well as
from governmental agricultural associations.
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Fig.3: Flow charts of the data for land use/land cover and
change detection.

4.1 Methods

The methods used in this research include all the ones
represented in methodology flowchart (fig.4).

Loading, preprocessing

Georeferencing

Non-supervised classification

Recode technique

Land use/land cover map

Fig.4: Flowchart of methodology for land-use/land-cover and
change detection.

4.1.1 Image pre-processing
Pre-processing of satellite images prior to change detection is
essential and has the unique goal of establishing a more direct
linkage between the data and biophysical phenomena (Coppin
et al., 2004). The methodology adopted for this study took into
consideration various image pre-processing operations,
including geometric correction. All Landsat data used in this
study were acquired under clear atmospheric conditions. The
1987 and 2001 images were geometrically corrected to the 2011
image using the root mean square error (RMSE) < 0.5 pixel.
The 2011 image had previously been georeferenced. Whereas
geometric correction is generally required in digital change
detection, PCC does not require that the images be radio-
metrically corrected or normalized before they are used for
change detection (Warner & Campagna, 2009).

4.1.2  Non-Supervised classification

Before land cover classification, a 4-class classification system
was designed with consideration of the land use properties of
the study area as urban/built-up, crop field/farmland, water
body, sandy lands. The widely wused non-supervised
classification method was employed to detect the land cover,
but in the supervised classification, the overlapping classes
pushed us to do some manual work with the recode process. So
that the non supervised classification is better than other
classifications.

4.1.3 Classification improvement

Some LULC classes were spectrally confused and could not be
separated well by classification. For instance, the urban class
was overestimated in the initial LULC maps produced. This
problem was due to the fact that approximately 85% of the
irrigation network system in the study area is constructed from
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concrete materials, which are the same materials, used for
building construction.  Throughout the study area,
anthropogenic activities have had an obvious effect. Finally, in
areas consisting of free water bodies, significant numbers of
pixels were misclassified to the agriculture class due to the
existence of plants. To improve classification accuracy and
reduce misclassifications, we integrated the initial LULC maps
resulting from classification with the maps resulting from visual
interpretation. The recode process using ArcGIS was necessary
for the initial LULC maps for the production of LULC maps ,
which we compared with the reference data (the archived data,
old sketch maps, topographic maps, and ground truth points) to
assess classification accuracy.

4.1.4 Change detection

The spatio-temporal evolution of each land-use class has been
evaluated through a series of additional transformations. The
relationship between the same class at two different dates made
it possible to extract the category of this one, whether it is
"stable", "regression" or "progression".

It is assumed that S1 represents the area occupied by the land
cover classes at date 1 and that S2 is the area of the same classes
for date 2.

In order to quantify changes in land-use classes, several
statistical indicators have been calculated; these are the change
rates and the transition matrix. Calculation of annual (evolution)
change rates(Tc) and overall change rates(Tg) between 1987
and 2018 were determined by the equation proposed, by FAO's.
(1996) and Bernier's (1992).

Tg — Sz+81 %100 Tc — 111(32) _ln(SI)

S (t2—t)xIn(e)

Positive values represent an increase in class area during the
period analyzed, while negative values indicate the loss of class
area between the two dates. As for the values close to zero, they
express a relative stability of the class the two periods.

x100

Transition matrix makes it possible to highlight summarize the
different forms of conversion experienced by the units of
occupation of land between two dates t1 and t2, and describe
the changes that have occurred.

5. RESULTS AND DISCUSSION

In order to evaluate the landscape change in the time period
time between 1987 to 2018, the satellite images were used for
land use/land cover classification as described earlier, and the
land use and land cover change were then detected and
analyzed. Four major land use classes were identified and
mapped from different dates of satellite imageries to determine
the changes and transformation (position and rate). These
classes are: (1) Water body, (2) farmland or cultivated lands, (3)
build-up-area (4) sandy land. The analysis that we carried out is
based on the detection of the four classes as well as the change
of the classes during the period also detection of the change of
each class toward another. Then we can quantify the percentage
change in the different periods from 1987 to 2018 as well as the
overall change throughout the study period. The information of
LULC changes and transformation is an essential source for
Ma’rib city vulnerability assessment and resources management

in the city especially the dam, which represents the essential
water resource of the city.

5.1 Assessment of land use and land cover change and
Landuse, land cover transformation between 1987 and 2001

Fig. 4 shows the spatial distribution of the major landuse and
land cover change and transformation in the study area for the
year 1987 and 2001. The areal land use land cover
transformation of these LULC features in percent and

the Tg , TC for the two different periods is shown in Table 1.

5.1.1 Water body

the water body of the study area converted to farmland
represents 0.31% and 0.69% to sandy land of the territory
water body along the study area; which was significantly
reduced by -37.45% in 2001. However, this withdrawal
represents -3.35% of the study area; however, this indicates a
loss of water areas in this period. This apparent loss was mainly
due to aquaculture activities and lack of rain.

5.1.2 Farmland

The farmland of the study area converted to built-up land
represents 0.049% and 0.92% to sandy land of the territory of
farmland along the study area; which was significantly
advanced by 174.83% in 2001. However, this expansion
represents 7.22% of the study area; however, this indicates an
advancement of farmland areas in this period.

5.1.3 Sandy land

the sandy land of the study area converted to waterbody
represents 0.011% and 0.31% to built-up, and 6.16% to
farmland of the territory sandy land along the study area; which
was significantly reduced by -4.97% in 2001. However, this
withdrawal represents -0.36% of the study area; however, this
indicates a loss of sandy land areas in this period.

5.1.4  Built-up

The built-up of the study area converted to farmland represents
0.042% and 0.206% to sandy land, of the territory built-up
along the study area; which was significantly advanced by
33.74% in 2001. However, this expansion represents 2.07% of
the built-up area; however, this indicates an advancement of
built-up areas in this period.

5.2 Assessment of land use and land cover change and
Landuse, land cover transformation between 2001 and 2011

Fig. 5 shows the spatial distribution of the major landuse and
land cover change and transformation in the study area for the
year 2001 and 2011. The areal land use land cover
transformation of these LULC features in percent and

the Tg R TC for the two different periods is shown in Table 2.
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5.2.1 Water body

The water body of the study area converted to farmland
represents 0,56% and 0.71% to sandy land, and 0.00041% to
built-up area of the territory water body along the study area;
which was significantly reduced by -74.33% in 2011. However,
this withdrawal represents -7.34% of the study area; however,
this indicates a loss of water areas in this period. This apparent
loss was mainly due to aquaculture activities.

5.2.2 Farmland

The farmland of the study area converted to built-up land
represents 0.049% and 0.92% to sandy land of the territory of
farmland along the study area; which was significantly
advanced by 174.83% in 2011. However, this expansion
represents 7.22% of the study area; however, this indicates an
advancement of farmland areas in this period.

5.2.3 Sandy land

The sandy land of the study area converted to waterbody
represents 0.032% and 0.86% to built-up, and 5.018% to
farmland of the territory sandy land along the study area; which
was significantly reduced by -0.94% in 2011. However, this
withdrawal represents -0.09% of the study area; however, this
indicates a loss of sandy land areas in this period.

5.2.4  Built-up

The built-up of the study area converted to farmland represents
0.097% and 0.22% to sandy land, and 0.00053% to waterbody
of the territory built-up along the study area; which was
significantly advanced by 159.62% in 2011. However, this
expansion represents 9.4% of the built-up area; however, this
indicates an advancement of built-up areas in this period.

5.3 Assessment of land use and land cover change and
Landuse, land cover transformation between 2011 and 2018

Fig. 6 shows the spatial distribution of the major landuse and
land cover change and transformation in the study area for the
year 2011 and 2018. The areal land use land cover
transformation of these LULC features in percent and

the Tg , TC‘ for the two different periods is shown in Table 3.

5.3.1 Water body

The water body of the study area converted to sandy land
represents 0.00098% of the territory water body along the study
area; which was significantly reduced by -0.07% in 2018.
However, this withdrawal represents -0.01% of the study area;
however, this indicates a loss of water areas in this period. This
apparent loss was mainly due to aquaculture activities.

5.3.2 Farmland

The farmland of the study area converted represents 0.0% of the
territory of farmland along the study area; which was
significantly advanced by 33.82% in 2018. However, this

expansion represents 4.16% of the study area; however, this
indicates an advancement of farmland areas in this period.

5.3.3 Sandy land

The sandy land of the study area converted to waterbody
represents 0.00068% and 0.701% to built-up, and 3.41% to
farmland of the territory sandy land along the study area; which
was significantly reduced by -4.32% in 2018. However, this
withdrawal represents -0.63% of the study area; however, this
indicates a loss of sandy land areas in this period.

5.3.4  Built-up

The built-up of the study area converted to sandy land
represents 0.28% of the territory built-up along the study area;
which was significantly advanced by 34.08% in 2018. However,

this expansion represents 4.19% of the built-up area; however,
this indicates an advancement of built-up areas in this period.

5.4 Assessment of land use and land cover change and
Landuse, land cover transformation between 1987 and 2018

Fig. 7 shows the spatial distribution of the major landuse and
land cover change and transformation in the study area for the
year 1987 and 2018. The areal land use land cover
transformation of these LULC features in percent and

the Tg , TC for the two different periods is shown in Table 4.

5.4.1 Water body

The water body of the study area converted to farmland
represents 0.928% and 1.43% to sandy land, and 0.0014% to
built-up area of the territory water body along the study area;
which was significantly reduced by -83.95% in 2018. However,
this withdrawal represents -5.90% of the study area; however,
this indicates a loss of water areas in this period. This apparent
loss was mainly due to aquaculture activities.

5.4.2 Farmland

The farmland of the study area converted to built-up land
represents 0.0991% and 0.99% to sandy land of the territory of
farmland along the study area; which was significantly
advanced by 324.52% in 2018. However, this expansion
represents 4.66% of the study area; however, this indicates an
advancement of farmland areas in this period.

5.4.3 Sandy land

The sandy land of the study area converted to waterbody
represents 0.033% and 1.37% to built-up, and 10.41% to
farmland of the territory sandy land along the study area; which
was significantly reduced by -9.96% in 2018. However, this
withdrawal represents -0.33% of the study area; however, this
indicates a loss of sandy land areas in this period.

5.4.4 Built-up

The built-up of the study area converted to farmland represents
0.064% and 1.133% to sandy land, and 0.00011% to waterbody
of the territory built-up along the study area; which was
significantly advanced by 365.52% in 2018. However, this
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expansion represents 4.96% of the built-up area; however, this
indicates an advancement of built-up areas in this period.

5.5 Discussion

Ma’rib city lodges high population with major populations of
agricultures and farmers. The area hosts the main dam of the
Sahara of Yemen with agriculture capacities. It represents the
major agricultural and economic resources of the Ar-Rub’ Al-
Khali area. That is why this area is presented by a high level of
dynamicity acting that has been accelerated by man-made
processes and resulted in vital landform transformations in
response to the current local economy especially after the war
crisis.

The conversion matrix of land use land cover change from 1987
to 2001 (unit: pixel)

The conversion matrix of land use land cover change from 2001
to 2011 (unit: pixel)

Class Class
1987 build-up- ) 2001 build-up- sandy
Class waterbody area farmland | sandy land | Sum Class waterbody area Sfarmland land total
2001 2011
Waterbody 14091 0 0 9 14187 waterbody 30242 41 0 2488 32771
build-up-area 0 835 422 2691 3948 build-up-area 32 11034 14820 66364 92250
Farmland 2650 365 18704 52393 74112 farmland 43036 7458 336165 383102 769761
sandy land 5938 1752 7840 742172 757702 sandy land 54373 16999 315957 6351982 | 6739311
Sum 22679 2952 26966 797352 84999 total 127683 35532 666942 6803936 | 7634093
The conversion matrix of land use l.and cover change from 1987 The conversion matrix of land use land cover change from 2001
to 2001 (unit :%) t0 2011 (unit :%)
Class
Class
. 2001 build-up- sandy
1987 build-up- sandy waterbody Farmland
Class waterbody ared farmland land Class area land
2001 2011
waterbod, 0,39 0,00053 0 0,032
waterbody 1,65 0 0 0,011 4
X build-up-area 0,00041 0,144 0,19 0,86
build-up-area 0 0,098 0,049 0,31
farmland 0,56 0,097 4,403 5,018
farmland 0,31 0,042 2,2006 6,16
sandy land 0,71 0,22 4,138 83,20
sandy land 0,69 0,206 0,92 87,31
S, =S, — 0, 0, 0, _ 0,
S-S o 4<0 0 0 00 55 74,33 159,62 15,41 0,94
T,- 2s 1100 37,4500 | 33,749 174,839 4,979 T,= 5 x100 % % % %
1
Ins,—In. 0,
_ Ins, ~Ins) 100 ,3,35% 2’07% 7’22% —0,36% T = | <100 —437604 9,54% 1,43% *0,09%
c (tz—tl)lne c (tzftl)lne

Table 1: Quantitative evaluation of land use changes during the
period from 1987 to 2001.

Table 2: Quantitative evaluation of land use changes
during the period from 2001 to 2011.
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The conversion matrix of land use land cover change from 2011
to 2018 (unit: pixel)

The conversion matrix of land use land cover change from 1987
to 2018 (unit: pixel)

Class I
2018 ild-up- Class
waterbody build-up farmland sandy total 2018
Class area land T
waterbody build-up farmland sandy total
2011 Class area land
Waterbody 322696 0 0 52 32748 1987
build-up-area 0 70116 0 53579 123695 waterbody 30170 9 0 2569 32748
Farmland 0 0 769761 260389 1030150 build-up-area 114 11376 7569 104636 123695
farmland 70852 4958 159511 794829 1030150
sandy land 75 22135 0 6427219 | 6449429
Total 32771 92251 769761 6741239 | 7636022 sandy land 102975 10225 75581 6258709 6447490
total 20411 26568 242661 7160743 7634083
The conversion matrix of land use land cover change from . .
2011 to 2018 (unit :%) The conversion matrix of land use land cover change from 1987
t0 2018 (unit :%)
Class
2018 Waterbod, build- farmland dy land Class
aterbody uild-up-area armlan sandy lan 201
Class 018 waterbody build-up-area | farmland sandy
2011 Class land
1987
Waterbody 4,22 0 0 0,00068
waterbody 0,39 0,00011 0 0,033
build-up-area 0 0,918 0 0,701
build-up-area 0,0014 0,149 0,0991 1,37
1 1
Farmland 0 0 0,08 34 farmland 0,928 0,064 2,089 10,41
sandy land 0,00098 0,28 0 84,16 Sandy land 1,34 0,133 0,99 81,08
S, =S, i 0, 0, 0, _ 0,
55 0,07 34,08 33,82 4,32 S.—S 2040 0 0 0 060
Tg_TIXIOO % % % % T, % 100 83,9500 365,529 324,520 9,969
1
Ins,~1 ~0.010 0 0, _0.630 _
7, 0571051 100 0,019 4,190/ 4,169 0,639 _Insymnsy oo 5,909 4,969 4,669 0,339
(= t))Ine ¢ (ty—t))ne

Table 3: Quantitative evaluation of land use changes during the
period from 2011 to 2018

Table 4: Quantitative evaluation of land use changes during the
period from 1987 to 2018
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Land-use change map for the different images from 1987 to 2001
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Fig.4. Geospatial distribution of LULC changes between 1987
and 2001.

Land-use change map for the different images from 2001 to 2011.
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Fig.5. Geospatial distribution of LULC changes between 2001
and 2011.

Land-use change map for the different images from 2011 to 2018,
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Fig.6. Geospatial distribution of LULC changes between 2011
and 2018.

Land-use change map for the different images from 1987 to 2018.

Legend

=

sandy land TO waterbody

farmland TO built-up area

sandy land TO built-up area

]

waterbody TO farmland

sandy land TO farm land

waterbody TO sandy land

farmland TO sandy land

15200 Maters
P

Fig.7. Geospatial distribution of LULC changes between 1987
and 2018.

6. CONCLUSIONS

The city Ma'rib is experiencing a land use, land cover
transformation that is mainly controlled by man-made activities
which happened in response to either social or economic trends
as well as the war trends, the immigration of populations or
both. These changes will certainly impact the city not only by
reshaping the spatial distribution of the current landforms but
also will lead to a great change in the ecosystem of the study
area such as modification/transformation of some land cover
that exist along the study area. It is hence, recommended that
this highly dynamic city requires accurate and continuous
monitoring systems that enable regular delineation of the
negative consequences of human alternation. Hence, it is
recommended to undertake this at short, medium and long term
scales to allow developing on-time responses and mitigation
measures. The results showed an increase in land reclamation
and cultivation, accompanied by an increase in the number of
buildings.
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