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Dr. Nivin Abdelrahim Hasan
Royal Jordanian Geographic Centre

Conclusion

Land resourcesin arid and semi-arid regions face increasing pressure
due to urban expan-sion, environmental degradation, and climate
variability. This study aims to monitor and assess Land Use/Land
Cover (LULC) dynamics in relation to climate change, utilizing
advanced model-ing techniques for sustainable land management
in the Amman-Zarqa Basin (AZB), Jordan. His-torical LULC maps
from 1985 to 2022 were analyzed to identify growth patterns, while
future land cover scenarios for 2030 and 2040 were projected using
Logistic Regression (LR ) and Artificial Neural Networks (ANN).
Climate variability was evaluated using extreme indices derived
from CMIP5 projections climate model under the RCP 8.5
scenario, in conjunction with corrected historical LULC data.
The analysis revealed significant climatic instability in the AZB,
marked by reduced precipitation, intensified surface runoff, high
evapotranspiration, and increasing temperatures, contributing
to drier soil conditions. While both climate change and land-
use dynamics are key drivers of envi-ronmental transformation,
land-use alterations were found to be the more dominant factor.
The study highlights a correlation between extreme climate
events and substantial changes in land cover, where barren
land increased significantly, and forest, rainfed, cultivated,
and pasture lands decreased by nearly 50%. Notably, rainfed
areas were converted to agriculture or shrubland with an
accuracy of 87%. Urban
further contributed to the loss of vegetated land cover types.

overall classification expansion
Future land cover predictions using LR and ANN demonstrated
high accuracy (Kappa=0.99 for 2030 and 0.90 for 2040). Combined
modelingapproaches projectedareduction in bare soil ranging from
325 km? to 344 km?, alongside a projected doubling of urban land
area, coveringup to 20% ofmajor AZB citiesby 2040. These findings
emphasize the need for targeted strategies to enhance resilience
and mitigate the impacts of drought across diverse LULC types.

Keywords:LULC,ClimateChange, CMIP5 ERA5 Drought, LR, ANN.

1. Introduction

Several studies have been conducted addressing LULC changes at
different spatial and tem-poral scales in the AZB region 17 and are
short of prediction analysis and linkage to drought. Previous studies
of LULC changes lack an explanation of the aggravating complex
land structure and intensive urbanization, industrialization, and
economic development using Landsat over a long period of time.
It is evident from literature reviews that there is a lack of studies
relevant to the simulation in the AZB which compare prediction
algorithms. Therefore, this paper conducts a historical analysis and
insights across decades ranging between 1985-2022 and projected
to 2030 and 2040. The study provides insights into the main
climate variables and related extremes that are likely to drive land
cover change and increase the risks of drought in several ways.

A Historical and Projected Spatiotemporal Analysis of Land Use/ Land Cover

Change and Its Climatic Impactsin the Amman-Zarqa Basin

While Jordan is commonly underscored as a country battling

chronic water scarcity and en-croaching urban and agricultural
areas, the precipitates of water use and its access over time are
less explored. In addition, food security, dependent on the
availability of arable lands, and access to water, is also predicated
by the availability of applicable land. Urban areas, due to multiple
emergencies of refugee communities in Jordan over the decades,
catalyzed the development of densely populated communities,
including those occupying the AZB. The AZB represents the
confluence of development, agriculture, and water-resource
elements in Jordan. Land-Use/Land-Cover changes can accelerate
the depletion of water resources and ecosystem services [8]. It
can also contribute negatively to climate change indicators such
as drought inten-sity and efforts to adapt since LULC aftects
the earth systems, which interact with atmospheric variables.
Climate change natural processes drag back land productivity, in
addition to that decreasing the green land cover. The interaction
between drought, agricultural land productivity, and land cover
has proven its significance [9]. Understanding LULC changes
to assess and evaluate the im-plications of the loss and gain of
lands respective of their use and accessibility are critical to sup-
port the country’s efforts toward land resource planning and
management, particularly as both arable land, water resources,
and development needs are typically at odds and in competition
with one another. Economic development in Jordan is likely
to be impacted by the change in rainfall patterns [7]. Projected
climate using climate modeling identified Jordan as a hot
spot for temperature increase and rainfall patterns shifting [6].
A severe drought occurred between 1999-2000 when the country
received 30% of the long-term normal rainfall, resulting in a 60%
decline in rainfed agricultural productivity and se-verely low
water harvesting in the major reservoir [10]. Droughts are getting
worse over time, with the previous two decades being the worst in
terms of rainfall decrease and implications on rainfed agriculture,
water resources, and cattle [11]. The encroaching of urban areas
on different land resources is worth predicting urban expansion
and the changes in land cover in the future and then finding a
correlation with the drought indices values of the study area.

1.1 LULC Change Detection Methods

Change detection can be defined as the process of identifying
and observing the differences in the phenomenon at different
times. According to Refs. [12,13], change detection methods
are grouped into many approaches: algebra, transformation
method, classification method, model approach, geographic
Information System approach, visual analysis approach, and other
appro-priate approaches [12] and Li-Strahler reflectance model,
biophysical parameter, spectral mixture, and GIS coupled with
remote sensing approach [13]. Several studies and research all over
the world use both remote sensing coupled with GIS has been
demonstrated as an efficient technique for monitoring change
detection [14,15], especially mapping land use/cover changes,
which can provide an efficient source for the classification of
urban land use, and land cover types change over the time with
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reasonable accuracy and low cost [15,16]. The derived land use/
cover maps from remote sensing and GIS can be used as a useful
tool for sustainable land management; these maps can provide
accurate information on change detection [17], understanding
how urban pat-terns change over time [18]. Updating maps is
required to aid decision-makers in developing and managing lands.
The eftective preparation of natural resources, assessment of land
management, and long-term land-use change were made possible
through remote sensing technology [19]. For ex-ample, LULC
transition models often attempt to predict when and how frequently
these changes will occur. Researchers across the world employ land
prediction models, including IDRISI’'s CA-MARKOV [2,3,20],
CLUE-S/Dyna-CLUE [21], DYNAMICS EGO [22],
Land Change Mod-eler. On farms, the future projection model

and

is very helpful in assessing past and future LULC changes [23].
The conversion of land use and its effects (CLUE) model, the
Markov chain (MC) model, and other spatiotemporal prediction
models have all been developed recently to forecast the LULC and
their change detections [24]. The Cellular Automata (CA) model
is one of the several spatio-temporal dynamic modeling techniques
that is frequently used for land-use change research. Be-cause of
its open-source platform, the CA model may be used with other
models to predict and simulate land-use trends. Due to the model’s
ease of use, adaptability, and intuitiveness in in-cluding the
spatiotemporal components of processes, it has been widely used
in recent years [24]. They are also utilized in research on urban
planning. They cansimulate thespatiotemporal com-plexity ofcities
as well as deforestation driven by man-made or natural events [25].
The transition probability matrix utilized by most studies is part
of the QGIS software MOLUSCE plugin (Modules of Land Use
Change Evaluation that is incorporated with QGIS 2.0s versions),
which is created with the CA model and can estimate possible
LULC changes [26]. This plugin uses the Multilayer Perceptron-
Artificial Neural Networks (MLP-ANN), Logistic Regres-sion
(LR), Multi-Criteria Evaluation (MCE), and Weights of Evidence
(WOE) algorithms. In MOLUSCE, a CA-ANN model is an
effective method for predicting the changes in LULC that may
be applied to land cover planning and management, forest cover,
and identifying deforestation in vulnerable areas. MOLUSCE
is also used to analyze temporal LULC shifts and prediction of
the future LULC [27]. Evaluating the pixel’s present state based
on its beginning situation, adjacent neighborhood eventuality,
spatial
LULC change processes and complicated patterns properly.

and changeover rules shows nonlinear stochastic

1.2. LULC Change Drivers

Landuse/land coverisinfluenced by natural conditionssuchasrecent
climate-relatedex-tremesandsocio-economicfactorslikeincreasing
population, industry development, economic uprising, etc.
Climate change hazards [28] are interrelated and complexly
floods,
precipitation events, etc., increase the risk to deterioration

overlapped. Drought, and substantial variation in
of land use/land cover and might be a major reason for LULC
change over time. Water bodies and soil moisture evaporate
at higher rates at higher temperatures; for that reason, hotter
weather can re-sult in drier soils. There is very limited research
that correlates the land cover change with drought indicators;
most often, each is studied separately. The first step of studying
drought is gathering weather and climatic information for the
study area, in addition to the historical record of past drought

events. Observing the region’s climate can lead to specitying if
the current condi-tion is giving a sign of drought occurrence
in the future. Therefore, it will be possible to conduct drought
mitigation measurements associated with proper planning.
Many studies identified the trends of drought season in Jordan to
be starting from January until March, while the drought impacts
have a shifting tendency from the southern deserts to the northern
deserts, also from deserts in the east towards the Jordan Rift Valley
and the western highlands [29]. Another research quantifies the
effects of precipitation on the country’s water re-sources. They
found that a 10-20% increase or decrease in precipitation would
significantly affect runoff and groundwater recharge [5]. Such
drought events in the country have resulted in envi-ronmental
losses, and climate change has exacerbated its conditions. The actual
climate evolution to those changes in the future, whetherit could be
seasonal, inter-annual, or long-term time scale, must be predicted.
Such predictions are usually probabilistic and vary in confidence
and the like-lihood of occurrence [30]. Therefore, this study
gives an overview of the main meteorological variables through
observations and ERA reanalysis datasets comparing the trends of
the state of climate characteristics of the AZB. It also provides the
main extremes of drought indices, proving the need to take an
in-depth analysis of future drought simulations into consideration.
Socioeconomic factors like increasing population, industry
development, economic uprising, politics, etc., influence and
are influenced by LULC. The Amman Zarqa Basin (AZB) is one
of the most important basins in Jordan in terms of agricultural
activities, hydrological processes, and development activities,
containing 52% of the country’s industrial activity [31]. The AZB
centrali-zation leads to accelerating urban growth and expansion
of urban areas. Population growth and expanding metropolitan
zones are nonstop scenarios that dissipate the most fertile soils
the AZB possesses
around 48.7% of the total agricultural lands that supply about

and woodland cover. According to [32],

70% of the population [33] in Jordan with agricultural products.
The AZB is characterized by the complexity of geographic
structures and hydrological con-figuration due to the variant
steepness of its earth's surface. The area is characterized by a
sloping topography that ranges in elevation from 620-950 m
in the Sukhna area and 735 m southwest of Amman [34]. This
will allow a complicated moisture gradient [35] and variation
in the hydrologi-cal response to rainfall events in most points,
especially in producing direct runoff and the con-sequent floods
with ponding water in some sites and drier points in others.
This study aims to apply a bi-disciplinary understanding of the
LULC change in categorical observation outputs to project possible
spatially LULC future scenarios at relevant spatial and temporal
scales, to assess the profound changes in the LULC from 1985 to
2022, and to identify the main LULC and climate-related drivers.

2. Materials and Methods

To understand the interaction of land-cover change and climate,
this study employed Mod-ules for Land Use Change Evaluation
(MOLUSCE) [36] to quantify the change during the period
of 1985-2022. MOLUSCE enables the study to model and
simulates LULC by running algorithms driving input maps at
different time slices [37]. The study describes the state of the
climate in the basin with main meteorological parameters.
The extremes will show the main drought indices that can
exacerbate the future drought coverage, intensity, and duration.
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2.1. Study Area

The Hashemite Kingdom of Jordan is in the Middle East, with
a total area of (89,400 km2). The AZB is in the northern part of
Jordan between latitudes 31°547,32° 24’ N and longitudes 35° 42/, 36°
36' E and covers an area of around 4120 km2; 93% of the AZB is
located in Jordan, and 4 % ex-tends into Syria. The AZB, shown in
Figure 1a, intersects five governorates in Jordan: Amman, Balqa’a,
Zarqga, Mafraq, and Jerash Governorates. AZB is surrounded by
Al-Azraq basin on the cast, the basins of Al-Ghor eastern valleys
on the west, Al-Azraq and Al-Mojib basins on the south, and
Al- Yarmouk basin on the north [38] (Figure 1b). The geology,
which consists mostly of a basaltic mountain that descends to a
central, gently undulating plateau surrounded from the north and
south by steep and dissected limestone hills, is reflected in the
landscape. King Talal Dam impounds the Zarqa River's stream
flow at the height of 120 m and a capacity of 82 MCM [39].

ol W
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(a)

(b)

Figure 1. (a) Amman Zarqa Basin Location Map, and (b)
industrial activities across the basin.

2.2. Data Acquisition

Based on the supervised classification of multi-temporal Landsat
data (thematic mapper (TM)/enhanced thematic mapper (ETM+)/
operational land imager (OLI)) at a 30 m resolution, the land use
and land cover data for the Amana for the years 1985, 1995, 2005,
2015, and 2022 have been created. We selected this time interval
to capture more change and permit mean-ingful assessment of
LULC through 37 years. The Land Use Categorization System was

used to develop the classification framework for land use, which
includes four classes: forest, wa-ter, built-up, bareland, and built-
up. About 91% of the categorized land use and land cover maps
are accurate overall, and Kappa is 0.88. Other data sets include
road network data, water channel network, and the 30 m SRTM
Tile downloader’s downloaded Shuttle Radar Topographic
Mission (SRTM) Digital Elevation Model (DEM), see Table (1)

Table 1. Landsat satellite image sources downloaded from the USGS website.

Satel- Image Code Date of Spatial Cloud
lite Acquisition | Resolution | Cover
Land- 1/6/1985 x 3030 0.00%
LTO5_L1TP_173038_19850801
sat5 — - —
_20200918_02_T1
Land- | LTO5_L1TP_173038_19950610 | 10/6/1995 | x 3030 0.00%
sat5 20211122 _02_T1
Land- | LTO5_L1TP_174038_20050730 | 30/7/2005 | x 3030 0.00%
sat 5 _20200902_02_T1
Land- | LCO8_L1TP_174038 20150608 | 8/6/2015 x 3030 0.00%
sat 8 _20170408_01_T1
Land- | LCO8_L1TP_174038_20220510| 10/5/2022 | x 3030 0.00%
sat 8 _20220518_02_T1

2.3. Descriptive Analysis of the State of Climate

Many climatic variables can contribute to drought and land
cover change. Insights analy-sis has been conducted to describe
the climate characteristics of the basin starting from Janu-ary
1970 to December 2020. The recorded daily precipitation
observations from the ALO018 station were compared to fifth-
generation ECMWE (ERAD5) reanalysis precipitation data at
interpolating longitude range points 35.750-36.000 and latitude
range 32.000-31.750. Near-surface air temperatures at 2 m height
were gridded to the basin boundaries (taking grid box region of
35.875-36.125 longitudes and 31.875-32.125 latitudes, as well
as the near-surface wind speed from ERA5 data at 35.930359°
E and 31.963158° N dipole no inter-polated mask [40]).
Magnitudes of the Zarqa River’s maximum and average surface
runoff at Jerash Gauge were stated and assessed to Community
Climate System Model-version 2 (CCSM2) total runoft [41].
CCSM2isone of the present-day climates that was released without
adjustments [42]. Hargreaves Potential evapotranspiration values
were estimated on a daily basis and evaluated with ER A R eanalysis
evaporation (at interpolating points 35.750 —36.000° E and
latitudes 31.750-32.000° N) which includes evaporation from bare
soil and canopy intercep-tion, and transpiration from the canopy.

2.4. Climate Extremes

This study focuses on the fifth Phase of the Coupled Model
Intercomparison Project (CMIP5) ensemble model mean to
provide information about the baseline period, current, and next
decal trends in annual extremes. The study has elaborated near-
term experiments that cover 10 to 30 years because its prediction
experiments are geared up with observed conditions [43]. The
grid was taken within a box of 35.875-36.125° E longitudes and
31.875-32.125° N latitudes with interpolating boundaries. The
indices of climate extremes are based on daily precipitation and
minimum and maximum temperatures that provide a complete
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outline of the projected changes in these extremes across all
ensemble models as annual mean [44]. It characterized the
hottest and coldest day of a year under the RCP8.5 scenario,
while for precipitation, the study emphasized the duration index
of dry days, which illus-trates the length of the longest cycle of
consecutive dry days with less than 1 mm per year during the
period from 1970-2040. Volumetric soil moisture content was
chosen to be pro-jected by NOAA reanalysis from 1970-2022
in Fraction. Furthermore, extreme daily precipi-tation intensity
in mm/day has been downscaled from the GLDAS2.0 land
surface model output of the assimilation project for NASA.

2.5. LULC Detection

Land classes in the AZB were reclassified into four categories
for a better modeling pro-cess. The original land cover classes
are included in Table 2. To parameterize the change in LULC
Assessments of LULC in the AZB, the study used USGS Landsat
images for the years 1985, 1995, 2005, 2015, and 2022. The images
were downloaded during June and July as cloud-free months; this
slightly affects the reflectance for each image. After acquiring the
open-source images, two images were combined to represent a
decade in a single image within the layer-stacking process. Mosaic
image analysis was conducted for the years 1985, 1995, and 2005,
merging two images into one to cover the full extent of the AZB
using the Mosaic tool—PCI Geomatica and then analyzed in
ArcGlIS for land classification. The result-ing images were in joint
appearance due to the slight reflectance difference; nevertheless, it
did not affect the analysis results. After the classification of lands, the
maximum-likelihood supervised image classification process was
conducted for all images by taking a representa-tive training sample
from each image for four main classes: bare ground, urban areas,
vege-tative areas, and surface water bodies. Soils and rock areas
within the basin were combined in one area for parameterization.
To ensure the accuracy of the process for identifying and measuring
categorical areas, Google Earth Pro software was utilized to verify
the classification process by taking 40 ground truth points (10 points
per class). Additionally, a confusion matrix and Kappa coefti-cient
were applied to each image to further illustrate the accuracy of
having identified class categories and measure the consistency of
categorical sorting layers, respectively. In con-ducting the image
analyses, particular attention was given to the variables affecting
the out-put of results, including the appearance of clouds in
Landsat images, discerning the differ-ences between categories,
particularly among the appearance and differentiation between
soils and rocks, therefore sharing a category. The study used land
cover maps of 1995 merged with 2005 to predict the land cover
map of 2015, which has been validated with the actual land cover
map of 2015 for maximization and calculation the accuracy. The
corre-sponding coefticient results were used to predict the 2030
land cover map. Identically with the later mentioned method, the
merged maps of 2005 and 2015 were used to predict the 2022 land-
cover map, which has been validated with the actual 2022 map to
produce the simulat-ed 2040 land-cover map after correctness.
Table 2. Reclassification details of LULC classes.

LULC Class

Description

Barren Areas | Dry mudflats, sands, wadi deposits, bare soil, basaltic rocks, bare
rocks, chert plains, and quarries.

Urban Areas | Built-up area, residential, commercial, Roads, and other infrastructure.

Green Areas | Forest, cultivated, rainfed, Agricultural, farmland, parks, green spaces,

and pasture.

Surface Water| Salty water bodies, wet mudflats, dams, river and wastewater plants.

Bodies

2.6. Future Scenarios and The Modeling of Land Use and
Land Cover Change

This study elaborates CA model for spatiotemporal dynamic
modeling of the land-use change as a part of the new QGIS
software plugin MOLUSCE that can estimate possible LULC
changes [26]. The supervised learning methods show the ability
to explain training data and label them in the classification
process by generating a task that represents inputs to specific
outputs. Since it depends on the information given by the pre-
defined classification [45], it can be used to predict features
by the continuous label in regression. The study used Logistic
Regression and Multi-Layer Perceptron algorithms.

2.6.1. Prediction Model (Logistic Regression)

Itis the regression that predicts the event possibility of existence
by fitting data to a logistic function. It runs by obtaining some
weighted features from inputs (x) and then taking logs and
adding them up, which means expanding the basic principles.
This fast hypothesis can be defined in general [45]:

hg(x) = g(8"x) (1)
where (g) is the sigmoid function that ranges values [0, 1] and can be defined as
1
7)) = —— 2
9D = 70= @

During regression, the optimization of parameter 0 visualizes the decision
boundary of the training dataset. For best results, machine learning uses built-in
functions to obtain the best parameters given fixed datasets and visualize the
predicted classes of training data in the transition matrix.

2.6.2. Prediction Model (Multi-Layer Perceptron) ANN

It is another neural network learning method that has distinctive performance
in optical image classification by training data with a back-propagation
algorithm. It processes the inputs layer to predict and classify the outputs layer
by producing discretional numbers within a hidden layer in between [46]. The
general formulas are

o(x) = G(b(2) + W(2)h(x)) (3)

h(x) =s(b(1)) +W(D)x) (4)

Where G and s are activation functions, with bias vectors
b(1),b(2) and weight matrices W(1),W(2) and the same sigmoid
function equation. It generates a changeover matrix that
indicates the relative number of pixels transferring from one
land use cover to another.

2.7. Selection of Explanatory Variables

The qualities that increase or decrease a given option’s
appropriateness for the activity of interest were employed to
choose the explanatory variables or drivers, which are accountable
for changes in land use and cover. Topography has a vital role in
the evolution of cities. To-pography affects the size and location
of cities due to possible water supply limitations and the availability
of adequate land. The three topographic factors that have the most
influence on urban sprawl are widely agreed to be slope, aspect,
and elevation. Two proximity factors that are essential to urban
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growth are distances from roads and water channels, which make it
simpler for inhabitants to get resources and satisfy daily necessities.
Frequently, neigh-borhood eftects show that not fully developed
pixels are surrounded by fully developed pixels.

The study used Cramer’s V (CV) test to assess the association
strength of geographical features in the classification accuracy
of images, especially of mixed data modes. Cramer’s V test is a
numerical test that ranges from (0—1), which means no relation
to strong relation. Cramer’s V test is calculated directly by
MOLUSCE using the following formula [47]:

XZ
V= e = D6 = 1) ®

n qz
2 _ S
X=ml E <Mi+M + 1>] ©)
r=1
i=1

where; X2 is the statistical test to determine the dependency of
variables, M
discrete intervals, qir is the total number of nonstop values and Mi

is the sample number, s is the sample size, 1 is

is the total number of objects belonging to class, and M+ r is the
total number of nonstop feature values.

2.8. Model Validation

The study uses the Kappa coefficient to assess the reliability of
prediction and classification by producing value ranges from -1
to 1. It depends on the degree of agreement or disagreement
beyond the probability. In its generic form, the Kappa Coefficient
is the ratio of the agreement after the probability of agreement is
removed [48]:

k=@ -p)/A-p) )

At the nominal scale, p° is the proportion of units agreed to p”, the
proportion of units for which agreement is expected by chance. To
increase the probability of agreement, the MOLUSCE runs many
iterations of possible coefficients. In this study, we ran a maximum
of 1000 iterations under a 0.1 learning rate of 0.05 momentum
to train the existing land cover maps. Certainly, such data inputs
required correctness, which is not more than (93.81-97.7%) for
about 10 hidden layers to validate the outputs.

3. Results

3.1. Land Cover Change Analysis

The land use land cover maps for the years 1985, 1995, 2005, 2015,
and 2022 are shown in Figure 2. The area statistics of different
land use land cover categories between difterent years are shown
in Table 3. During 1985—1995, the built-up area increased from
1.67% (63.10 km?2) to 3.03% (114.5 km?2), with a significant
annual rate of change of 11.91%. The growth of the built-up area
is different in different periods, i.e., 8.47% during 1995-2005
and 8.0% during 2005-2015, and 7.90% from 2015-2022. This
significant rise in the built-up area has resulted in a decline in both
vegetation and green space. Vegetation class covered an area of
5.36% (202.6 km2) in 1985, then decreased to 3.24% (122.5 km?2)
in 1995, and again increased to 4.62% (161.3 km2) in 2015, then
again declined to 4.14% (156.6 km2) in 2015 and 3.09% (116.8
km?2) in 2022. Thus, the vegetation class inclined by 5.50% from
19952005 and then declined by 5.87% during 2015-2022.
During 1985—1995, the bare land area increased from 92.93%

(3515.5 km?2) to 93.64% (354.25 km?2), with a significant annual
rate of change of 0.15% shown in Table 2. The growth of the
bare land area is different in different periods. During 1995-
2005, the bare land area declined trend started due to growth in
urbanization from 91.04% (3444.2 km?2) to 88.89% (3362.9km?2),
with a significant annual rate of change of 0.48% and declined to
86.62% (3276.8 km?2) in 2022 periods. Water was 0.04% in 1985
and increased to 0.09% (3.5 km2) in 1995 due to seasonal variation
and 2.6 km2, 2.4 km2, and 1.9 km2, respectively, see Table 3.
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Figure 2. Land cover classifications during (a) 1985, (b) 1995,
(c) 2005, and (d) 2015. Land-cover areas and the change through
decades in sq. km.

Table 3. The area statistics of different LULC categories
over different years.

Years 1985 1995 2005 2015 | 2022
LULC Class | (Area (km?
Bareland
3515.5 3542.5 34442 3362.9 3276.8
Urban 63.1 1145 175.0 261.1 387.4
Vegetation 202.6 122.5 161.3 156.6 116.8
Water 1.7 1815 2.6 24 1.9
Total 3783.00 3783.00 3783.00 3783.00 3783.00




In 1995, the population expansion was limited to the area between
the capital, Amman, and the city of Zarqa, gradually heading to
the northwest of the capital. In 2005, the pattern continued until
2015, when urban expansion occurred towards the northwest of
the capital, Amman. In some areas in the east of the city of Zarqa,
the free zone, the Jordanian oil refinery, and the Samra power
station are located. After the extension project, the industrial
revolution in treated wastewater plants like Khirbet As-Samra
increased the surface water bodies in the first stage from 1985—
2003 by 2.0 km?2.

Table 4. Area changes for the periods and the annual rate
of change.

Changes  Change in the Years (Area km?) The Annual Rate of Change (%)

1985-  1995-  2005-  2015-
Time 1985-2022 (1985-1995)
1995 2005 2015 2022

(1995-2005) (2005-2015) (2015-2022) (1985-2022)

Barren 2694 —98.33 -81.28 -86.04 -238.72 0.15 -0.56 -0.48 —0.52 0.23
Urban 51.39 60.43 86.10 126.38  324.30 11.91 8.47 8.00 7.90 0.32
Green -80.13  38.78 ~4.65 -39.85 -85.84 -10.06 5.50 -0.59 -5.87 0.20

Water 1.80 -0.89 -0.17 -0.49 0.25 14.59 -5.88 -1.34 —4.55 0.24

The stationary water surface area through analysis study was due
to the type of water bodies in the basin, which were identified
as artificial lakes of King Talal Dam and Khirbet As-Samra
Stabilization Ponds. The distribution of land uses for 2022 clearly
illustrated that encroaching was in industrial and residential areas in
the eastern region. Encroaching of urban areas through dec-ades
is very substantial, particularly in the southwest parts of the AZB.
The northern and north-eastern parts have more agricultural
areas. Population rates are higher in populous cities and villages
in Amman, Rusaifa, Zarqa, and Jerash. Between (1985-2022), as
approximated by the analysis and methodology elaborated in the
previous section, green areas decreased by—42 % while Urban
Areas increased by 500 %. Forest lands and cultivated and rainfed
crops were higher in the 80s and 20s. Urban and bare soil were the
dominant covers later in 2015 to the present. This leads to a lesser
extent in bare soil areas to 86.0 sq. km, see Table 4.

3.2. LULC Transition Analysis

Table 5 illustrates the probability matrix changes of LULC
between 1995 and 2005 by ANN. It represents the frequency
distribution of variables and shows how the values are related as
rows show the classes in the opening year and columns show the
same LULC classes in the closing year. The high values show no
change because it remains in the same class. The barren areas, ur-
ban, and water bodies were the most stable classes with transition
probabilities of 0.95, 0.76, and 0.74. The lowest transition was for
green areas, with a probability of 0.57.

Table 5. The changeover transition matrix of LULC
classifications from 1995-2005 by ANN.

Classes Barren Urban Areas | Green Surface Water
Areas Areas

Barren 0.948799 | 0.033526 0.017517 0.000007
Areas

Urban 0.215574 | 0.756795 0.027324 0.000270
Areas

Green 0.350029 | 0.080600 0.566703 0.002632
Areas

Surface 0.138522 | 0.073188 0.044984 0.743306
Water

3.3. Accuracy Assessment

The stratified random sample approach is used to initially offer the
40 ground truth reference data. The accuracy result of the land use
classification is determined using the accuracy evalua-tion. The
contingency technique, commonly known as the contingency
matrix, is the approach that is most frequently used to assess the
degree of accuracy (confusion matrix). The contingency ma-
trix contains three types of information: producer’s accuracy,
overall accuracy, and Kappa accu-racy. Overall correctness can
be estimated using both producer and user accuracy. The accuracy
viewed from the producer’s side of the map is called producer
accuracy, and the accuracy seen from the user’s side is called user
accuracy. The results of the classification accuracy test are pre-
sented in Table 6 below.

Table 6. User and producer accuracies for the LULC classes
for analyzed years.

User Accuracy (%) Producer Accuracy (%) Overall Kappa

Years

Rock/Soil Urban Veg Water Rock/Soil Urban Veg Water  Accuracy (%) Coefficient

1985 75.76 92.86  80.00 93.10 83.33 86.67  80.00  90.00  85.00 0.80
1995 76.47 96.30  83.87 96.43 86.67 86.67  86.67  90.00  87.50 0.83
2005 73.53 80.00  84.62 100.00 83.33 9333 7333 8333 89.17 0.78
2015 77.78 9231 9310 96.55 93.33 80.00 90.00 9333  89.17 0.86
2022 80.56 96.15 8710 96.30 96.67 8333  90.00 86.67 89.17 0.86

According to the overall accuracy and Kappa coeflicient, the year
1985 had an overall accura-cy of 85.00% and a Kappa coefficient
of 0.80; the overall accuracy for 1995 was 87.50% with a Kappa
coefficient of 0.83; in 2005, the overall accuracy was 89.17%,
and the Kappa coefficient is 0.78; the overall accuracy for 2015
was 89.17% with a Kappa coefficient of 0.86, with an overall ac-
curacy of 89.17% and a Kappa coefficient of 0.86 in 2022, User’s
accuracy was obtained for the years 1985, 1995, 2005, and 2015
considering 40 ground truth points are the best validated for wa-
ter bodies which ranged from 0.93 to 1.0, while for barren soil,
the user’s accuracy was 0.74 to 0.81. The urban class was validated
mostly for all years, around 0.8 to 0.96, and green areas at about
0.8-0.93. We can conclude that the land use classifications are
highly correlated.

3.4. Gains and Losses for Each Year

According to the results of the change study for the periods 1985—
1995, 1995-2005, 2005-2015, 2015-2022, and 1985-2022 (Table
7), there was a noticeable decline in vegetation cover compared to
the area that was built up, which saw a big incremental trend.
According to Table 7, the built-up area rose by 26.9 km2, and
bare land increased by 51.4 km?2 between 1985 and 1995. Veg-
etation cover decreased by roughly 80. 1 km2. Due to certain
town planning regulations and re-gional phenomena, the amount
of undeveloped land significantly decreased between 1995 and
2005, while the growth of the built-up area increased gradually.
According to Table 7, between 1995 and 2005, vegetation cover
increased by about 38.8 km2, bare land shrunk by 98.3 km2,
and the built-up area grew by 60.4 km2. The vegetation cover
decreased by about 4.7 km2 between 2005 and 2015. Compared
to the built-up area, which expanded by 86.1 km2, bare land
signifi-cantly decreased by 81.3 km2, while water cover fell by
0.2 km2.

The period from 2015 to 2022 had more variety in land use. The
area of bare ground was re-duced by 86.0 km2, the area covered
by buildings increased by 126.4 km2, and the area covered by
vegetation declined by 39.8 km2. Between 1985 and 2022, bare
land was reduced by 238.7 km?2, vegetation cover declined by
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about 85.8 km2, and built-up area expanded by 324.3 km2. When
the land use statistics from 2022 were compared to those from
our baseline research year of 1985, it became clear that the rate of
urban sprawl has been alarmingly increasing along with the size of
the metropolitan region. The spread of urban sprawl in the study
area is the result of numerous contributing factors. The elite class
prefers to live in villas and bungalows, which cannot be built in
crowded city areas, so they move to low-density residential areas
and areas with low house taxes, a lack of urban planning, the need
for more living space, physical geography, and low land prices
(due to high property prices at the urban center, people move
towards the outskirts of cit-ies that have low property values).

Table 7. Gain and loss for the years 1985-2022.

1985-1995  1995-2005  2005-2015 2015-2022

1985-2022
Class Gain and Loss

Gain (+) and Loss (-)

Barren Areas +26.9 -98.3 -81.3 -86.0 -238.7

Urban areas +51.4 +60.4 +86.1 +126.4 +324.3
Green Areas -80.1 +38.8 -4.7 -39.8 -85.8

Surface Water Bodies +1.8 -0.9 -0.2 -0.5 +0.3

3.5. State of the Climate

According to [35] and based on the Koppen-Trewartha climate
classification [49], the Amman Zarqa Basin has a variety of climate
characteristics and is considered to have steppe semi-arid to arid
climates, BSh, and BS.

As illustrated in the panel chart (Figure 3), climate fluctuations
occur above or below the long-term averages of meteorological
parameters. From 1970-2020, there are year-to-year varia-tions
spatially and temporally where the basin has witnessed by ERA5
a long-term average near-surface wind speed (ERA nsws) of 2.9
m/s ranging from 2.0-4.0 m/s. ERA5 has reported long-term
daily averages of the near-surface air temperature at 2 m (ERA
nsat2m) of 4.5-29.06 °C, and it recorded a maximum temperature
of 43.5 °C in 2010 and a minimum daily temperature of around
-7.0 °C in 2003. The seasonality of evaporation and low water
availability cause a long-term average of evaporation (ERA5 Evp)
from 0.05 to 2.1 mm/day, while the potential evap-otranspiration
(PET) estimated by the Hargreaves equation ranges from 1.3-8.04

mm/day.
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Figure 3. Panel chart of daily climate variables for the baseline
period (1970-2020).

Maximum daily surface runoft (Max-RO) was recorded at 288
m3/s at Jerash Gauge within the basin, while an average long-
term daily discharge (Avg-RO) was 2.6 m3/s during the baseline
pe-riod. For CCSM2, it simulated the long-term average total
runoft (CCSM2 mrro) of 2.21 x 10-7 m3/s and zero total runoft
most of the time. Increasing and decreasing precipitation trends

are hetero-geneous and spatially different across the basin. We can
notice the compatible state of total daily precipitation between
the observations from Jubaiha station (AL0018) (avg-ppt AL0018) and
ER A5 simulations (ER A ppt), but it did not catch the maximums
and the means 14.7 mm and 1.4 mm for the station and 4.5 mm
and 0.55 mm for ERA5, respectively. The basin witnessed high
rainfall during the years 1974 and 1992, ranging from 133-155
mm, which caused the highest floods dur-ing that time, whereas
the remaining seasons experienced low precipitation rates, not
to mention the increasing drought frequencies due to extreme
maximum air temperatures, and the number of days with no
precipitation. The highest percentage of drought severity across
different land cover indicates the most severe moisture tensions
and vulnerability over land cover areas, whereas the lower the
percentage, the higher resistance to drought.

3.6. Model Validation (LR and ANN)

The present and projected land use and cover maps using LR
for 2022 are shown in (Figure 4), along with the corresponding
area values (Table 8). The 2015 ANN maps of current and
projected land use and cover are shown in (Figure 5), along with
corresponding area values (Table 8). The predicted thematic map
for 2015 and 2022 is pretty comparable to the actual thematic
map for both years, according to tabular information and visual
inspection of modeling findings. For MLPNN to be used in
growth prediction, model validation is a need. The ROC curve
was utilized to obtain verification. Results demonstrating a high
degree of congruence between the projected outcomes and the
actual land use scenario prediction maps for 2030 and 2040 were
created once the model had been validated.

Figure 4. The modeled 2015 and the actual 2015 maps projected by ANN.
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Figure 5. The modeled 2022 and the actual 2022 maps projected
by LR.
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Table 8. Comparing actual and predicted area (km2) for
2015 and 2022 by LR and ANN.

LR ANN
Classes Area (km?)
Actual (2022) Predicted (2022) Actual (2015) Predicted (2015)
Barren Areas 3276.8 3270.2 3362.9 3375.08
Urban 387.4 384.2 261.1 253.47
Green Areas 116.8 126.7 156.6 152.09
Water 1.9 1.9 2.4 2.36
Total 3783.00 3783.00 3783.00 3783.00

Using LR, the maximum iterations of 100 with the neighborhood
of 1.0 pixels show different B parameter values at a variety of
standard deviations and set the model to considerably fit the
ac—tual map by pseudo R2 = 0. 98. During validation of ANN, the
projected map fit the model with 99.3 % of correctness, and Kappa
coefficient for historical and projected maps are 0.989 and 0.999
respectively. ANN training method corrects around 93.8%, with
Kappa 0.953 for the historical map and 0.933 for the projected
map. Figure 6 indicates the changes in class areas from 1985-2022.
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Figure 6. Gain and Loss of each LULC class (1985-2022) in km?2.

3.7. Future Scenario/Simulation

Between 2022-2030, the assigned changes in areas projected
by LR follow the same pattern as the previous decade: around
an 8% decrease in bare soil areas and turn, an increase in urban
crawling by 8.6%, and a 0.7% decrease in green lands from the
total areas, particularly in northeast parts of the basin (Figure 6a).
As approximated by the analysis using the ANN algorithm, bare
soil and rocks will decrease to about 6.5% of the total area in 2030.
Green areas will decrease by 0.4%, while urban areas will increase
by 7.2% of the total areas, and water bodies will stay the same
according to ANN and LR methods, see Figure 6c.

It is expected that the cultivation areas will decrease up to 13.6
km2 by LR and 7.8 km2 by ANN for the period 2022-2040, see
(Table 9). Both ANN and LR projected the same decreasing areas
of bare soil ranging from 325 km?2 to 344 km2. In turn, it will be
20% of the total area dou-bling urban areas in the main cities of
Amman and Zarqa within the basin, particularly in Dhulail, Jerash,
and northeast of AZB where refugee camps are set up, Zaatari
camp (opened July 2012) and Jordan Emirates Camp-Mrajeeb Al
Fhood (opened April 2013). According to their type, the artificial
lakes will occupy the same area until 2040 (Figure 6 b,d).

Table 9. Projected land cover areas and classifications
under supervised machine learning methods: ANN and LR
for the years 2030 and 2040 (km?2).

Supervised Methods Projected Areas (km?)
Classification

2030 ANN 2030 LR 2040 ANN 2040 LR
Barren Areas 3021.7 2980.9 29325 2951.1
Urban areas 656.7 711.1 739.6 726.8
Green Areas 102.8 89.1 109.0 103.2
Surface water bodies 1.9 1.9 19 19
Total 3783.0 3783.0 3783.0 3783.0
Kappa Coefficient (overall) ~ 0.99 0.98 0.89 0.90
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Figure 6. Supervised Learning Prediction maps using LR (a,b)
and ANN (c,d) for the years 2030 and 2040 respectively.

The increasing frequencies in urban areas were higher than ever
at 339.4 km2 and 352.2 km2 as estimated by LR and ANN,
respectively, which well-matched the same decline in bare soil
areas at 325.7 km2 and 344.3 km?2, respectively.

4. Discussion

The LULC analysis brought forth several comparisons for
understanding land-use change across several decades in Jordan
in addition to projected LULC. The competition among land
use and depletion of green space is easily discernable due to the
increasing expanse of urban areas. Additionally, areas characterized
as barren soils also decrease. Urban areas are reliably the driv-ers
of land-use change. Drought has an impact on vegetation cover
through the plant’s capacity for photosynthesis which indicates the
growth status [50,51]. As a result of rainfall deficit, a re-duction
in photosynthesis capacity occurs, which eventually leads to
a change in the plant’s ab-sorption of solar radiation [52]. The
findings revealed that forest, cultivated, rainfed, and pasture lands
experienced a diminished of its half area due to urban encroaching
and changing land use patterns from rainfed areas to shrubland or
cropland. Lack of precipitation, high evaporation rates, and high
temperature might foster such a pattern change, especially when
the basin suf-fered low precipitation rates in the 1990s. Difterent
plant rain-fed areas can be destroyed due to drought. Although
sixfold urban areas have been expanding since 1985, the soil and
rocks areas hierarchy decreased to 238.7 km?2.

The historical change in land cover can be justified at first,
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increasing population due to birth and the influx of refugees,
where Jordan’s population reached approximately 11 million in
2021 and has an annual growth rate of 3.0-3.3% [33]. Second,
Jordan is characterized by limited water supplies, water scarcity,
and low food security; these threats are getting worse due to higher
populations. Nevertheless, it urges new alternative resources that
pose pressure on water and food supplies.

One of the climate-related extremes is drought, but in this study,
we consider the magnitudes of some climate variables extremes
rather than investigating one of the climate change hazards. Both
climate change and land use are contributing dynamics. Land use
aftects energy and water fluxes, and land cover changes alter these
fluxes. Therefore, climate models project the climate alterations
which will produce changes in land-cover patterns. It seems that
land-use alterations cause much more dramatic changes than
climate changes, at least over the period of a few dec-ades. Since
the effects of climate alterations are mostly identifiable through
land cover forms, land use practices put the phase that may be
influenced by climate change. Although there is a scien-tific
indication that human-induced land cover change can produce a
significant effect on climate at the regional level, there is a lack of
studies that tell the consequences of drought and climate extremes.
In this study, we analyzed daily observations and a pair of reanalyzed
records that have synthesized estimates of earth systems, the ER A5.
Soil moisture, land surface temperature, and the number of dry
days is all related to precipitation. The projected changes in the
emerged cli-mate extremes indicate a substantial intensification
of warmth and water deficiency in the basin. A reduction trend
in water resource availability was forecasted according to many
climate predic-tion scenarios despite the uncertainty of the
projections [53]. According to the Intergovernmental Panel on
Climate Change (IPCC) report in 2013, Jordan is considered a
vulnerable country with climate change impacts that threaten
water security [54]. For example, due to uneven and insuffi-cient
rainfall amounts, water resources availability reduction by 15-20%
occurred, accompanied by a reduction in crop yields were among
the drought and climate change raised consequences in Jordan. In
addition, evaporation losses are estimated to be about 92.5% of
normal annual rainfall [33]. Climate change impacts on the region
expand the gap between the supply and demand of water and
food resources [55]. According to IPCC's fourth report, climate
projections indicate that drought frequency and magnitude are
very likely to increase. Over the past decades, two signifi-cant
droughts occurred in Jordan; between 1958— 1962, a severe
drought occurred, which caused the death of 70% of the camels in
the region and aftected the production of livestock there. In 1999—
2000, the country received 30% of the long-term normal rainfall,
resulting in a 60% decline in rainfed agricultural productivity, as
severely low water harvesting in the major reservoirs. Droughts
are getting worse over time, with the previous two decades being
the worst in terms of rainfall decrease and implications on rainfed
agriculture, water resources, and cattle [11]. Due to uneven and
insufficient rainfall amounts, water resources availability reduction
by 15-20% oc-curred, accompanied by a reduction in crop yields
were among the drought and climate change raised consequences
in Jordan. In addition, evaporation losses are estimated to be
about 92.5% of normal annual rainfall [56]. It is noted from the
chart (Figure 3) that for 1999-2000, winter water availability
declined through lower averages and maximum runoff compared
to preceded and followed rainfall events and consequence runoft
records. Even wind can affect the topsoil and cause farmland to lose.

The study emphasized temperature extremes—both the minimum
and maximum daily tem-peratures—and the number of dry days
where it is downscaling from the ensemble mean of IPCC report
phase 5; CMIP5 projections. The results showed a continuous
increase in extreme temper-atures when the minimum will
increase by 2% by 2040. In addition, the maximum will increase
by 1.7% by 2040, higher than the current daily minimum and
maximum temperatures, respectively. The number of consecutive
days when the precipitation is less than 1.0 mm will increase by
4.69%, thus, increasing dry days and increasing low precipitation
depth. The GLDAS2.0 Land surface model shows the maximum
daily precipitation intensity for the baseline period and pro-vides
evidence about the dry year 1990 which shows the maximum
17.8 mm rainfall intensity around the year. Furthermore, the
NCEP/NCAR reanalysis model shows a low volumetric soil
moisture content of about 0.16, reflecting the permanent wilting
moisture content for dry lands. Drought consequences accelerate
the depletion of water resources and the degradation of range-
lands and cultivated areas. Changing in rainfed areas to croplands,
emerging from the slow onset nature of drought, accumulates
over time. Sometimes, the severity and occurrence of drought are
claimed to be meaningful to impacts rather than arbitrary statistical
property. Land use has a strong linkage with erosion, runoft, and,
consequently, peak flows. Climate extremes analysis suggests
severe drying in future climate projections as the number of drying
consecutive days of less than 1.0 mm of rainfall rises. Higher
evaporation rates are expected to happen since, on an annual basis,
the extreme minimum and maximum temperatures are getting
decisive. The ad-verse impacts of global warming are mainly
threatening water and food security in developing countries. The
warming climate is also expected to change farming systems and
put more pres-sure on the rural community to cope with these
changes and build up their adaptive capacities. The problems
resulting from climate change are also worsening due to increasing
population and urban expansion, regardless of land-use patterns.
Although populations are the main driver for regressing natural
resources, they are threat-ened by water systems deteriorations,
cultivated land depletions, droughts, and floods.

5. Conclusions

With induced socio-economic activities, AZB has experienced
significant changes in LULC during the last three decades. It is vital
to give information on urban development and past urban growth
trends for long-term urban planning. LR and ANN techniques
were used to calculate growth patterns for 1985-2022 and future
dynamics forecasts for 2030-2040. Simulating LULC maps for the
years 2030 and 2040 from MOULSCE. There was an increase in
the built-up area of 324.3 km2, a decrease in bare land of 238.7
km2, and a loss of around 85.8 km2 of plant cover be-tween 1985
and 2022. The pace of urban sprawl has been rapidly expanding
along with the ex-pansion of the metropolitan region, as seen by
the comparison of land use figures from 2022 to those from our
baseline study year of 1985. Cramer’s V test values (Aspect: 0.365
and slope: 0.359) suggest that the selection of climatic and socio-
economic explanatory variables is more influen-tial.

The supervised learning model proves its potential to simulate
future LULC for the basin as LR outputs (higher Kappa = 0.99).
Such images can assess the drought effect on different land-
cover types. Given greater dry covering of large surface runoff,
little rainfall, and high evap-otranspiration rates, the state of the
climate across the AZB notably showed instability in key cli-matic
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indices and a major exacerbation of warmth and water scarcity
in the basin. The general presentation of the AZB’s climate from
1970-2020 indicates that the stationarity no longer de-scribes the
basin’s meteorological variables fluctuation. The study focuses
on few extremes due to data availability and the limitation of the
study outcome’s objective, Further climate extremes analysis is
encouraged. The study shows the need to simulate small fine-
resolution projections on the effect of land use change on climate
change and vice versa at various temporal and spatial scales.
Prediction models might be helpful for future scenarios as a way
to describe the complexity of the environment. According to
simulation results, increasing frequencies in urban areas 339.4 km?2
and 352.2 km?2 for the years 2030 and 2040, respectively, which
is alarming for the urban planner and the sustainability of the land
estimated by LR and ANN respectively, are well-matched in the
same decline in bare soils areas 325.7 km?2 and 344.3 km2. This
modeling technique for urban development should be utilized
by the nation’s economic planners. Effective collaboration and
coordination between urban planners and modelers can result in
sustainable urban planning. Future research should be undertaken
to investigate the relationship between the duration, coverage,
and intensity of drought for different land cover types. Tracking
drought event impacts and occurrences and establishing a database
for historical drought records is a cru-cial step and requirement
in drought vulnerability assessment. Thus, there is a necessity for
drought assessment concerning climate change and land cover
changes to predict changes in the next years in the study area and
introduce the situation to the decision maker for further solutions
and analysis.
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Soil Moisture Monitoring Using Sentinel-1: A Case-Study
overdJerash and Ajloun Governorates

Mo’ath Abdallah Salameh Etoom
Royal Jordanian Geographic Centre

Abstract

Soil moisture is a key environmental variable, important, for
example, for farmers, meteorologists, and disaster management
units. Here I present a method for retrieving surface soil
moisture (SSM) from the Sentinel-1 (S-1) satellites, which carry
C-band synthetic aperture radar (CSAR) sensors. This involves
a regression-based approach to estimate the radar slope, taking
into account the heterogeneity of Sentinel-1 in spatial coverage.
I applied the S-1 SSM algorithm to a 5-year S-1 data cube over
Jerash and Ajloun Governorates to obtain a consistent set of model
parameters, without any influence on coverage discontinuities.
Evaluation of the resulting S-1 SSM data showed high agreement
in agricultural areas, with low agreement in forests and strong
terrain.

LINTRODUCTION

THE Sentinel-1 satellites have been scanning Earth’s surface using
high-resolution radar sensors since 2014 with unprecedented
spatiotemporal coverage. They carry a Synthetic Aperture Radar
(SAR) system and deliver information on surface properties
independent of daylight and cloud cover, operating in C-band
(CSAR, at 5.405 GHz). It is a mission of the European earth
observation program Copernicus with two identical space-crafts,
Sentinel-1A (S-1A) launched in April 2014 and Sentinel-1B (S-
1B) in April 2016. Together with the multispectral sensors of
the Copernicus constellation on-board Sentinel-2 [1]. The two
Sentinel-1 satellites share the same orbit 180 degree apart and
follow a strict acquisition scenario with a 12-day repeat cycle,
featuring stable viewing angles, and thus predictable viewing
geometry and spatial coverage. This setup enables via SAR
interferometry the detection of millimeter scale vertical surface
deformations within 6 days. In its main sensing mode over land,
the Interferometric Wide (IW) swath mode, the Sentinel-1 SAR
ofters a ground range detected (GRD) resolution of 20 mx22 m at
revisit frequency of 1.5—4 days over Europe (sensed from different
orbits) [2].

One major application of Sentinel-1 is soil moisture monitoring.
Knowledge on soil moisture is essential for the assessment of the
global water cycle, energy cycle, and carbon cycle [3]. Surface
soil moisture (SSM), defined as the water content of the top few
centimeters soil, is a key driver of water and heat fluxes between
the ground and the atmosphere, altering air temperature and
humidity [4]. Vice versa, it is very sensitive to external forcing in
the form of precipitation, temperature, solar irradiation, humidity,
and wind. SSM is thus both an integrator of climatic conditions [5]
and a driver of local weather and climate [6].

This study aims to retrieve soil moisture, plant health, and water
bodies, and integrate satellite observations from different spatial
and temporal scales to obtain soil moisture information with high
spatiotemporal resolution.

II.SENSOR FOR SSM: SENTINEL-1 CSAR

Sentinel-1A and Sentinel-1B form the first satellite pair and
observe Earth operationally since October 2014 and 2016,
respectively. Each spacecraft has a foreseen lifetime of 7 years,
with consumables on-board allowing an extension up to 12
years. Mission continuity is assured as the follow-up satellite pair
Sentinel-1C and -1-D will extend the operational monitoring
component at least until the end of 2030.

A. Specifications for Land Applications

The Sentinel-1 satellites carry a CSAR instrument operating at a
center frequency of 5.405 GHz with support for co-polarization
and cross-polarization receive channels, potentially operating at
four exclusive acquisition modes. While three modes focus on
maritime and emergency operations, the IW swath mode is the
main acquisition mode over (non-polar) land, designed to satisty
the majority of user requirements [7].

In I'W mode, CSAR acquires data with a 250-km swath, spanning
an incidence angle range over flat terrain from 29.1 degree to 46.0
degree. More specifically, it captures and merges consecutively
three parallel sub-swaths using the Terrain Observation with
Progressive Scans SAR imaging technique [8]. A single look,
its spatial resolution is 5 m x 20 m, yielding after multi-looking
a ground-range-detected resolution 20 mx22 m in the high-
resolution product (IWGRDH). The radiometric accuracy is
specified with 1 dB (30).

B. Complex SAR Signal to SSM Dynamics

The direct exploitation of high-resolution SAR data for SSM
retrieval is complicated by several matters. One issue is that small
scaled contributions to the radar backscatter from individual
ground features may obscure the soil moisture signal, rendering
common algorithms incapable of SSM retrieval at this scale [9],
[10]. Furthermore, the influence of soil roughness and vegetation
dynamics on the radar signal and the penetration depth is less
understood than in the coarse scale case [11], leading to biases
during the vegetation period.

Fig. 1. scene of a Sentinel-1 IWGRDH image measured in VV polarization.
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Fig. 1, showing a Sentinel-1 IWGRDH image of study area,
Jerash and Ajloun Governorates, in northern Jordan. It illustrates
the high degree of complexity of SAR backscatter over land at
the field scale. In the image, distinct objects such as waterbodies,
roads, and buildings can be easily resolved, and also agricultural
fields are differentiated, each with an individual SAR response
as a conglomerate of local crop and soil status. Yet, the signal is
sensitive to many individual, highly variable features. Concerning
vegetation, these include water content, crop row orientation,
size, density, and even wind bending; concerning soil, these
include roughness, tillage, and moisture. [12], [13], [14].

III. SENTINEL-1 SSM RETRIEVAL

The presented Sentinel-1 SSM retrieval algorithm is based on
the TU Wien Change Detection Model [15], which derives
SSM directly from the observed radar backscatter, measured as
backscatter coefticient (60). In this model, changes in backscatter
are interpreted as changes in soil moisture, while other surface
properties as geometry, and roughness and vegetation structure are
interpreted as static parameters. The model parameters describe
maximum dry and wet conditions, as well as average signal
contributions from vegetation and surface geometry. For the
SSM estimation, the actual backscatter value 00(0, t) at time t and
observation angle 0 is normalized to a reference angle and linearly
scaled between dry and wet reference values, yielding relative
surface soil water saturation SSM(t) in percent [16].
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A Preprocessing of Raw Sentinel-1 IWGRDH

The preprocessing of the Sentinel-1 data comprises SAR
geocoding, radiometric correction, and spatial resampling,
and yield a gridded SAR image database. As an initial step, the
processor ingests the VV-polarized IW data in GRDH format,
which is already-focused SAR intensity data.

The geocoding and radiometric correction is done with ESA’s
Sentinel Application Platform (SNAP4). In detail, the Range-
Doppler Terrain Correction reduces the geometric distortions
present in SAR data due to the observation geometry and the
topography, employing the fully global 90-m Shuttle Radar
Topography Mission (SRTM) digital elevation model (DEM).

B.Model Parameter Generation

The SSM algorithm requires model parameters for the estimation
of relative soil moisture content. These parameters are inferred
from the Sentinel-1 backscatter.

1) SAR Slope and LIA Normalization: The dependency of the
backscatter to the LIA () is described by the slope parameter .
This can be modeled in the most simple way by an indirect linear
relationship between 8 and backscatter 60 [17][18], yielding the
so-called direct slope Bd.

C.SSM Product Retrieval

The TU Wien Change Detection model attributes changes in
normalized backscatter to changes in soil moisture. This is realized
by linearly scaling of the actual backscatter between the backscatter
coefficients from dry and wet conditions.

SSM Estimation: The retrieval of SSM values is performed by

application of the scaling this equation.
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Result sets of study area
Using Sentinel -2 / Sentinel-1 the study area has been classified
(see Figures 2) to facilitate analysis of the results.

ey m ool
LULC 2024
A b

Fig. 2. LULC Classification- 2024.

Also Sentinel-1 SSM retrieval method, generated a 5-year data set
over Jerash and Ajloun Governorates, using all available Sentinel-
1A/B observations from Jan 2020 to Dec 2024,
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Fig. 3. Soil moisture retrieval (2020 — 2024)

The spatiotemporal distribution in Figure (3) of soil moisture
exhibits values range of O to 1 as classified in five color gradient (5
Classes). Most of the study area, as shown in SSM maps (Brown
and green), has a value close to zero, which was highly aftected by
water deficit. The values near 1 (Light and dark blue) are forest
cover which has moisture as compared to the rest of the land cover.
Specifically, at the spatial scale, soil moisture at the site level
is influenced by fine-scale variations in topography, vegetation,
and soil type (As is evident in the highlands of Ajloun and the
lowlands of Jerash.), whereas regional-scale soil moisture patterns
are predominantly governed by climatic, topographic, and
hydrological processes.

At the temporal scale, short-term soil moisture variations are
primarily driven by precipitation and evapotranspiration (As
shown (Figure 4) in the 60-month time series), while long-term
changes may involve climate trends and soil structural evolution.
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Fig. 4. Time series of mean soil moisture over 60 months

CONCLUSION

Enhancing the algorithm with a dynamic vegetation correction
would constitute a major quality boost. This could be implemented
in the retrieval algorithm by realizing parameters based on
the seasonal or monthly data, which of course would require
a longer data record for a stable estimation. Also, the so-called
cross ratio of VH- and VV-polarized backscatter images, which
are usually recorded concurrently by S-1 in the IW mode, bears
much potential to account for vegetation signals. Alternatively,
vegetation data from optical satellite sensors could be used, once
aggregated to, e.g., 7- or 10-day averages to cope with the timing
mismatch or data gaps because of cloud cover.
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Despite these remaining issues, the S-1 SSM demonstrated its
capability to sense soil moisture at high spatiotemporal resolution,
becoming especially valuable when changes in local hydrology
due to rainfall or irrigation need to be captured. A recent study
[20] found over Romagna that the S-1 SSM product can quantify
the impact of irrigation on local soil moisture, which is missed
out by (downscaled) products from coarser sensors. This virtue of
capturing small scale changes is a clear difference to the established
(coarse resolution) satellite products, thus the product constitutes
a rich data source for agricultural and meteorological analysis and
modeling.

RECOMMENDATION

A comprehensive evaluation of remotely sensed SSM data requires
a reference dataset with similar density and spatial and temporal
coverage. However, it is recommended to use a soil and water
balance model (SWBM, SEBAL [19]) and conduct an in-depth
analysis of the signal quality over the study area and then compare
the SSM S-1 data with the model data, rather than with reference
data from field observations.

High-resolution soil moisture mapping is evolving towards more
accurate, intelligence, and cross-scale integration. Future studies
should focus on optimizing scale effects, refining the integration
of mechanistic and statistical methods, and leveraging emerging
computational technologies to enhance model efficiency and
intelligence.
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ABSTRACT

Jordan is experiencing rapid urbanization, leading to the
concentration of the population in major cities. This trend has
created an increased demand for the development of large areas to
accommodate housing, commercial, industrial, and other service-
related needs. The objective of this study is to conduct a change
detection analysis of two multispectral datasets for Wadi Seer,
located in Amman, Jordan, using Landsat TM data from 1987
and Landsat-8 OLI data from 2021. The region has undergone
significant land use and land cover (LULC) changes due to natural
resource conversions, including vegetation, urban expansion,
and desertification. Change detection was performed using both
supervised classification and maximum likelihood techniques.
Four primary land use classes were identified: bare soil, vegetation,
settlements, and agriculture. The analysis revealed significant
changes across these classes over a 34-year period, particularly in
vegetation, settlements, bare soil, and agricultural areas.

1. INTRODUCTION

Urbanization is a complex process that involves the transformation
of rural lifestyles into urban ones. It is often defined in terms of
territorial and socioeconomic advancement, marked by the shift
from undeveloped to developed land use categories (Weber,
2001). Accessibility plays a crucial role in landscape change, with
even rural areas experiencing urbanization in the absence of
adequate transportation infrastructure.

The progress of a society is closely linked to its social and economic
development, which is why socioeconomic surveys are conducted.
These surveys collect both spatial and non-spatial data, providing
valuable insights into land use/land cover (LULC). LULC maps
are essential tools for planning, management, and monitoring at
the local, regional, and national levels. These maps not only raise
awareness of land-use issues but also contribute significantly to
the development of policies and programs. To ensure sustainable
development, it is vital to regularly monitor land use and cover
patterns over time.

In the context of urban development, it is crucial for authorities to
develop planning models that support the rational and optimal use
of land. This requires access to both current and historical LULC
data. By understanding LULC dynamics, policymakers can create
strategies and initiatives aimed at preserving the environment.
Analyzing LULC changes is key to effective natural resource
planning, exploitation, and management.

Environmental challenges often arise due to the complexity of
processing transdisciplinary datasets. To address these challenges,
new technologies such as satellite remote sensing (RS) and
Geographic Information Systems (GIS) are essential. These
technologies provide critical data for the study and monitoring
of natural resources within the context of environmental

management (Lewinski and Zaremski, 2004).

Several supervised classification methods have been widely used
in land-use change studies globally. These methods often rely on
background knowledge and familiarity with the study area. Using
this knowledge, per-pixel signatures are captured and stored in
signature files, while the raw digital numbers (DN) of each pixel in
the image are converted to radiance values (Jensen, 2005; SCGE,
2011).

Remote sensing (RS) has been increasingly utilized to identity
and map LULC, employing various methodologies with diverse
datasets. Landsat imagery, in particular, has proven to be highly
effective for classifying various landscape components on a large
scale (Ozesmi and Bauer, 2002). GIS and RS have become
indispensable tools for understanding and analyzing earth-related
phenomena. Over the past few decades, the region of interest
in this study has experienced significant growth in urbanization,
industrial development, and population increase. The primary
objective of this research is to use GIS and RS technologies to
detect and measure LULC changes in an urban area.

The primary objective of this research is to analyze and compare
land use/land cover (LULC) changes in Wadi Seer before and
after urbanization, using remote sensing (RS) and Geographic
Information Systems (GIS). Remote sensing technology is
recognized as one of the most valuable sources of geographical
data obtained through satellite imagery. Specifically, this study
aims to quantify LULC changes by analyzing remotely sensed
satellite data.

2. PURPOSE OF STUDY

The primary objective of this research is to analyze and compare
land use/land cover (LULC) changes in Wadi Seer before and
after urbanization, using remote sensing (RS) and Geographic
Information Systems (GIS). Remote sensing technology is
recognized as one of the most valuable sources of geographical
data obtained through satellite imagery. Specifically, this study
aims to quantify LULC changes by analyzing remotely sensed
satellite data.

3 .Materials and Methods

3.1 LOCATION OF STUDY AREA

The study area is located in the western part of Amman, Jordan,
and is bordered by several administrative regions. To the north,
it includes Tla' Al-Ali, Umm Al-Summaq, and Sweileh; to the
south, it is bordered by Ghor Al-Kafrin; to the east, it is bounded
by Zahran District; and to the west, it adjoins Badr Al-Jadida.
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Figure 1: Location of the study area, Wadi -seer

Once the satellite sensor was chosen, Landsat imagery was gathered
for analysis. Two distinct Landsat images were obtained from the
USGS Earth Resources Data Archive:

1. 1987 Landsat TM imagery: Represents the early stage of the
study period.
2. 2021 Landsat 8 imagery: Reflects the most current stage.

Each Landsat image required several pre-processing steps to
prepare the data for classification analysis. The individual bands
from both Landsat sensors were downloaded as separate .tiff
image files and subsequently stacked together to form a composite
image..

For the classification process, the satellite data were analyzed by
assigning per-pixel signatures to the imagery and categorizing
the research area into four distinct land cover classes based on the
Digital Number (DN) values of various landscape features. The
four classes identified were agriculture, bare soil, settlements, and
vegetation (Table 1).
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Table 1: Classes identified using supervised classification.

4. Methodology

This study utilized medium-resolution Landsat imagery to
classify land cover and monitor urban growth in the Wadi Seer
district. Surface land cover maps of the area were generated from
the satellite images using the supervised maximum likelihood
classification approach (Pham and Yamaguchi, 2007). The
methodology consisted of two key steps: First, the identification
of land use and land cover for both the current and past states of
Wadi Seer; and second, the analysis of LULC changes between
1987 and 2021.

4.1 Land Cover Classification

The current study employed a supervised classification approach.
The first step was to identify training areas for each land cover
class. These "training areas" were then used by the software to apply
the classification to the entire image. Additional training samples
were created for each land cover class until representative samples
were obtained for all categories. As a result, a signature file was
generated, containing all spectral information from the training
samples. This signature file was subsequently used to perform the
classification of the entire image.

5. Results and Discussion

The land use/land cover (LULC) maps generated by combining
remotely sensed image classification with GIS editing provided
valuable LULC information for the study area. The spatial
distribution of LULC for the specified years is summarized below.
Figures 2, 3, and 4 illustrate the categorized image for 1987,
revealing that the majority of the land was occupied by bare soil
(50%), followed by agriculture (25.68%), settlements (17.57%),
and vegetation (6.76%).
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Figure 2: Area covered by each LULC type in 1987
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68 Land Cover In Wad-Seer 1987

Figure 3: LULC map of 1987
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Figure 4: Percentage of LULC type in 1987

Figures 5, 6, and 7 display the output from the analysis of Landsat
8 OLI imagery for 2021. The results indicate that settlements
occupied the largest share of land (45.95%), followed by bare
soil (36.49%), agriculture (12.16%), and vegetation (5.41%).
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Figure 5: Area covered by each LULC type in 2021
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Figure 7: LULC map of 2021

Meanwhile, the areas covered by vegetation, bare soil, and
agriculture have decreased between 1987 and 2021. The
comparison of Landsat images from 1987 and 2021 indicates
that agricultural land was converted into urban areas,
particularly along highways to the north and northeast of the
city. Urbanization followed an outward pattern, with significant
development occurring along both sides of major streets to
the east. Much of the new construction was on vacant land at
the city's outskirts, typically located near key transportation
routes but distant from suburban centers. Over time, these
newly developed areas expanded along important service and
transportation corridors.
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Figure 8 : Comparison of the settlement between 1987 and
2021
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Figure 9: Comparison of the Soil between 1987 and 2021
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Figure 10: Comparison of the agriculture between 1987 and 2021 Settlements->Agriculture

Changes from 1987 to 2021

Settlements->Bare soil |l
The changes in settlements, bare soil, and agriculture Settlements->Vegetation Ml
between 1987 and 2021 are presented in Figures 8, 9, and 10,
respectively. Figures 11 and 12 illustrate the significant land-use
transformations in Wadi Seer from 1987 to 2021, highlighting
the rapid urban expansion, the decline in green spaces, and the
random nature of urban growth.

The classified maps were overlaid to generate a land use and land Figure 12 : shows the change analysis from 1987 to 2021
cover change map, and a cross-tabulation matrix was created to
analyze the shift in land cover between the two time points. The
cross-tabulation matrices (Table 2) provide detailed information
on the changes observed in various land cover classes.

¢ In 1987, the total area classified as settlements was 18.73 km?2.
By 2021, 17.31 km? of this area remained as settlements, while
0.75 km? was converted to bare soil, 0.57 km? to vegetation, and
0.10 km? to agriculture.

. Bare soil, which covered 32.79 km?in 1987, experienced
significant land conversion, primarily to settlements, agriculture,
and vegetation. By 2021, only 20.51 km? of bare soil remained.

e Agricultural land decreased from 16.42 km? in 1987 to 7.45
km?in 2021.

0 5 10
Area km2

B Changed pivels from 1987 to 2021 o i

£

Figure 13: Unchanged pixels.

LULC 1987 | Settlements | Vegetation | Bare Soil | Agriculture | Total
Settlements | 17.30741 | 0574 | 0.747 0.1007 | 18.72851
Vegetation 13 87 | 0381 0.3% | 6.1362
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Total 341101 | 6.6995 | 255113 745 7407181
Table 2: Cross- tabulation of land cover classesbetween1987 and 2021

Figure 11: Major land use conversion in Wadi-Seer from 1987 to 2021.

6. Conclusion

This research examines the land use/land cover (LULC) changes
in Wadi Seer, Amman, Jordan, using remote sensing and GIS
technologies. The analysis reveals significant LULC variations
between 1987 and 2021. Notably, there has been substantial
growth in the settlement area, while agricultural, bare soil, and
vegetation areas have all declined. This study demonstrates
that the integration of GIS and remote sensing technologies
is an effective tool for urban planning and management. The
quantification of LULC changes in the Wadi Seer area provides
valuable insights for environmental management, aiding
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policymakers and the general public in better understanding the
evolving landscape.

7. Recommendations

1.Implement regulations to restrict the expansion of urban
areas onto agricultural and forest lands. These measures will
help curb urban sprawl, protect agricultural land, and reduce
environmental pollution.

2.Urban planning and development should integrate
environmental considerations, socioeconomic factors, and land
value assessments to ensure balanced and sustainable growth.
3.Expand infrastructure and increase the availability of utilities
on the periphery of the city to alleviate the pressure on urban
areas and reduce the concentration of development in the city
center.

4.Giventhe rapid growth in residential, educational, commercial,
industrial, recreational, and transportation sectors, it is essential
to monitor land use/land cover (LULC) changes. This will provide
valuable insights into the current state of the area and inform
future urban planning efforts.
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