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38 Lo« 2008 ¢ sall ¢ Aiyeall o ¢ Ay # i) Ldhaa ¢ Gyl by desa (1

150522005 ¢ dans daals ¢ g lally aahall ple A (oaliag paale ilgl) WLIS a3 ae Je(2
5002 2007 glee ¢ aisilly sl (593l Sl = lially Guilall toalaa ¢ lpeladd) dmall 2 sl (3
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(] soRad! (@ Byl A seiiadls dumamdal! Lofaadl Jedi Juaill
‘yaia da ) BT A (a sy/Aslu) (puadd] Bl 4 gl g 4y i) CNaall(3) Joan
.(2023-1997)33al! 4 al) ddkaia
Aaaall X Y | osis | ohbd | | gl | G| Olis | e G| de | s | Ceuds | QsiS | Jaal)

P AT (R & A P (R PRV
1 44.629 33.5504 5.7 6.2 8.1 8.2 9.3 11.2 | 11.5 114 | 10.2 8.5 7.2 5.7 | 8.6
2 44.6554 | 33.7026 5.7 6.2 8.1 8.2 9.3 11.2 | 11.5 114 | 10.2 8.5 7.2 5.7 | 8.6
3 44.7287 | 33.6008 5.7 6.2 8.1 8.2 9.3 11.2 | 11.5 114 | 10.2 8.5 7.2 5.7 | 8.6
4 44.6407 | 33.5909 5.7 6.2 8.1 8.2 9.3 11.2 | 11.5 114 | 10.2 8.5 7.2 5.7 | 8.6
5 44.7043 | 33.7222 5.7 6.2 8.1 8.2 9.3 11.2 | 11.5 114 | 10.2 8.5 7.2 5.7 | 8.6
6 44.7329 | 33.4404 5.7 6.2 8.1 8.2 9.3 11.2 | 11.5 114 | 10.2 8.5 7.2 5.7 | 8.6
7 44.7219 33.534 5.7 6.2 8.1 8.2 9.3 11.2 | 11.5 114 | 10.2 8.5 7.2 5.7 | 8.6
8 44.7 33.48 5.7 6.2 8.1 8.2 9.3 11.2 | 11.5 114 | 10.2 8.5 7.2 5.7 | 8.6
9 44.6972 | 33.5811 5.7 6.2 8.1 8.2 9.3 11.2 | 11.5 114 | 10.2 8.5 7.2 5.7 | 8.6
10 44.7012 | 33.6911 5.7 6.2 8.1 8.2 9.3 11.2 | 11.5 114 | 10.2 8.5 7.2 5.7 | 8.6
11 44.6675 | 33.7247 5.7 6.2 8.1 8.2 9.3 11.2 | 11.5 114 | 10.2 8.5 7.2 5.7 | 8.6
12 44.6205 | 33.4905 5.7 6.2 8.1 8.2 9.3 11.2 | 11.5 114 | 10.2 8.5 7.2 5.7 | 8.6
13 44.612 | 33.4512 5.7 6.2 8.1 8.2 9.3 11.2 | 11.5 114 | 10.2 8.5 7.2 5.7 | 8.6
14 44.6755 | 33.6624 5.7 6.2 8.1 8.2 9.3 11.2 | 11.5 114 | 10.2 8.5 7.2 5.7 | 8.6

NASA. https://power.larc.nasa.gov/data-access-viewer: Juzaall
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5 adl A yal (s giall Jarall )& (4) Jsaad) 5(7) dday Al a5 U gadl 43als b
Janall Ll ¢ 450 4253 (23.96¢24.19) &l 3 Al pall Akain (o 3 1) Ll aen (A
Gllaae e ) 3 5o e (A darae ot @1y 31551 all il ja (A U5 Jas 288 (5 el
A2 3(11.24) dsY) O3S e (B Jaas Jama () 56 Ay e Aa 53 (37.58) sl yall Adhaie
A s

-1997)52all 4 o) dbhaia (aida dua ) Jal&S L (3)5 ) jad) cila a4 giadd) caall(4)J g

(2023

Aaaall X Y | ogs | hLa M| e M| s | s o | dsbl o s | sls | Jaad
L I | A g s

1 | 44629 | 335504 | 927 | 11.62 | 1651 | 22.83 | 29.56 | 3491 | 3743 | 37.17 | 32.68 | 2655  17.04 1124 | 2396
2 44,6554 | 337026 | 9.27 | 11.62 | 16.51 | 22.83 | 29.56 | 3491 | 3743 | 37.17 | 32.68 | 26.55 | 17.04 | 1124 | 23.96
3 447287 | 33.6008 | 927 | 119 16.6 | 2278 2941 | 3488 | 37.58 | 37.49  33.05 2697 1745  11.76 | 24.19
4 44.6407 | 33.5909 | 9.27 | 11.62 | 16.51 | 22.83 | 29.56 | 3491 | 37.43 | 37.17 | 32.68 | 26.55 | 17.04 | 1124 | 23.96
5 447043 | 337222 | 927 | 119 | 16.6 | 2278 | 29.41 | 34.88 | 37.58 | 37.49  33.05 2697 | 1745 | 11.76 | 24.19
6 447329 | 33.4404 | 927 | 119 | 16.6 | 2278 | 29.41 | 34.88 | 37.58 | 37.49 | 33.05 | 2697 | 1745 | 11.76 | 24.19
7 447219 | 33534 | 927 | 119 | 16.6 | 2278 2941 | 3488 | 37.58 | 37.49  33.05 2697 | 1745 11.76 | 24.19
8 44.7 3348 | 927 | 119 | 166 | 2278 | 29.41 | 34.88 | 37.58 | 37.49 | 33.05 | 26.97 | 17.45 | 11.76 | 24.19
9 446972 | 335811 | 927 | 119 | 16.6 | 2278 2941 | 3488 | 37.58 | 37.49  33.05 2697 | 1745 11.76 | 24.19
10 | 447012 | 33.6911 | 927 | 119 | 16.6 | 2278 | 29.41 | 34.88 | 37.58 | 37.49 | 33.05 | 26.97 | 1745 | 11.76 | 24.19
11 | 446675 | 33.7247 | 927 | 11.62 1651 | 22.83 | 29.56 | 3491 | 3743 | 37.17 | 32.68 | 26,55 | 17.04 | 1124 | 2396
12 | 44.6205 | 33.4905 | 927 | 11.62 | 16.51 | 22.83 | 29.56 | 3491 | 3743 | 37.17 | 32.68 | 26.55 | 17.04 | 1124 | 23.96
13 44612 | 334512 | 927 | 11.62 | 16.51 | 22.83 | 29.56 @ 34.91 | 37.43 | 37.17 | 32.68 | 26.55 | 17.04 | 1124 @ 23.96
14 | 446755 | 33.6624 | 927 | 11.62 | 16.51 | 22.83 | 29.56 | 43.91 | 3743 | 37.17 | 32.68 | 26.55 | 17.04 | 1124 | 23.96

NASA. https://power.larc.nasa.gov/data-access-viewer: suaall

(DIPCC. Climate Change and Land: An IPCC Special Report on climate change,
desertification, land degradation, sustainable land management, food security, and
greenhouse gas fluxes in terrestrial ecosystems. Cambridge University Press, (2019). p.
15.
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Aliie s 4y lac) jUaal Ll alaill 138 jUaal Ciuai ) ¢ das giall el jlaal oUail iy
Bel B ey (DA giaall 5 dpliadll 5 4y jelll LgiVana A A0N0a 5 (5 )AY Aahaia (1o giliaS (8
Clhaae (& el o siud alall (5 siull ¢ sanall gl5)) iy (8) Amaa 5 (5) Jsa
JS1(218.2¢160.8) & 3 Az jall Lgigan 45 )laa Al )all dahaial 48,40 dgad) (A 2a )l
b il Jana (Ao b Lalud 5ol Javs 388 4 5ol SV anall Gty Laiiy ¢ (15l o Legia
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(2022

Laadl) X Y | oosils | oBLd | N | gl | UG | Ol | Ssa | @) | dall | cuudd | Gapdd | 0siS | g sanal)
S I | A | g | il

1 | 44629 | 335504 | 29.59 | 2539 | 25.62 | 17.45 | 4.44 0 0| 0 06 953 | 2429|2384 160.8
2 | 44.6554 | 33.7026 | 29.59 | 2539 | 25.62 | 1745 | 4.44 0 0/ 0] 06 953 24292384 1608
3 | 447287 | 33.6008 | 39.62 | 343 37 | 241 636 0] 06 02 08| 12.8 | 3292|2936 | 218.15
4 | 446407 | 33.5909 | 29.59 | 25.39 | 25.62 | 17.45 | 4.44 0 0/ 0] 06 953] 24292384 1608
5 | 447043 | 33.7222 | 39.62 | 343 37 | 241 | 636 0| 06 02 08 12.8 | 3292|2936 | 218.15
6 | 447329 | 33.4404 | 39.62 | 343 37 | 24.1 | 6.36 0 06 02 08| 128 32.92 | 2936 | 218.15
7 447219 | 33.534 | 39.62 | 343 37 | 241 636 0] 06 02 08| 12.8 | 3292|2936 | 218.15
8 447 | 3348 | 39.62 | 343 37 | 241 636 0/ 06| 02| 08| 128 3292|2936 | 218.15
9 | 44.6972 | 33.5811 | 39.62 | 343 37 | 241 | 636 0| 06 02 08 128 | 3292 | 2936 | 218.18
10 | 44.7012 | 33.6911 | 39.62 | 343 37 | 24.1 | 6.36 0 06 02 08| 128 32.92 | 29.36 | 218.18
11 | 44.6675 | 33.7247 | 29.59 | 2539 | 25.62 | 1745 | 4.44 0 0 0 06 953 2429|2384 160.8
12 | 44.6205 | 33.4905 | 29.59 | 2539 | 25.62 | 17.45 | 4.44 0 0/ 0] 06 953] 24292384 1608
13 44.612 | 33.4512 | 29.59 | 2539 | 25.62 | 17.45 | 4.44 0 0/ 0] 06 953] 24292384 160.8
14 | 44.6755 | 33.6624 | 29.59 | 2539 | 25.62 | 17.45 | 4.44 0 0] 0] 06| 953 | 2429 | 2384 | 160.8

NASA. https://power.larc.nasa.gov/data-access-viewer; jizaall
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Ol (agdic ) s ed e Al Clablidl e 4 (%60.42) N clay 3
(s pled ¢ Dyl ic Lbaldlle a2 By ¢ Guradl alal e e Ol ¢ e
&) el andn 5eall (%59.2) e duaill Ll daws Cialy 3 Gilablial 5L L
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Aaaall X Y | oss | hLa NI I W K| o | e G| el | sl | G | 0S| Juadl
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1 | 44629 | 335504 | 6042 | 5572 | 4621 | 3832 | 27.26 | 1791 17 | 1744 | 1941 | 2771 | 46.32 58 | 359
2 44.6554 | 33.7026 | 60.42 | 55.72 | 46.21 | 3832 | 2726 | 17.91 17 | 17.44 | 1941 | 27.71 | 4632 58 | 359
3 447287 | 33.6008 | 592 | 5575 | 47.1 | 4039 | 292 | 17.56 | 1549 | 1545 | 17.23 | 25.72 45 | 56.28 | 35.19
4 44.6407 | 33.5909 | 60.42 | 55.72 | 46.21 | 3832 | 27.26 | 17.91 17 | 1744 | 1941 | 2771 | 46.32 58 | 359
5 447043 | 337222 | 592 | 5575 | 47.1 | 4039 | 292 | 1756 | 1549 | 1545 | 17.23 | 25.72 45 | 56.28 | 35.19
6 447329 | 33.4404 | 592 | 5575 | 47.1| 4039 | 292 | 17.56 | 1549 | 1545 | 17.23 | 25.72 45 | 56.28 | 35.19
7 447219 | 33534 | 592 | 5575 | 47.1 | 4039 | 292 | 17.56 | 1549 | 1545 | 17.23 | 25.72 45 | 56.28 | 35.19
8 447 3348 | 592 | 5575 | 47.1| 4039 | 292 | 1756 | 1549 | 1545 | 1723 | 25.72 45 | 56.28 | 35.19
9 44.6972 | 335811 | 592 | 5575 | 47.1 | 4039 | 292 | 1756 | 1549 | 1545 | 17.23 | 25.72 45 | 56.28 | 35.19
10 | 447012 | 33.6911 | 592 | 5575 | 47.1 | 4039 | 292 | 17.56 | 1549 | 1545 | 1723 | 25.72 45 | 56.28 | 35.19
11 44.6675 | 33.7247 | 60.42 | 5572 | 46.21 | 3832 | 2726 | 17.91 17 | 17.44 | 1941 | 27.71 | 4632 58 | 359
12 | 44.6205 | 33.4905 | 6042 | 5572 | 4621 | 3832 | 27.26 | 1791 17 | 1744 | 1941 | 2771 | 46.32 58 | 359
13 44.612 | 334512 | 6042 | 5572 | 46.21 | 3832 | 27.26 | 17.91 17 | 1744 | 1941 | 2771 | 4632 58 | 359
14 | 44.6755 | 33.6624 | 6042 | 5572 | 4621 | 3832 | 2726 | 1791 17 | 1744 | 1941 | 2771 | 46.32 58 | 359

NASA. https://power.larc.nasa.gov/data-access-viewer: yiaxll
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Lia gedmill e A ggmas ¢ Jlalls ¢ A Y1 Ji cilblee e A gl Ll A (za,Y)
Lo el dgall 4 aald ~ Ll ol Ll Lgie ju an 3559 Lealad) 48 jray Wil )3 2aa
ZLol olad) Al a5 ¢zl olad) s L s ol 43 630 5 duad ) Clalad) Led g ¢ 2L
Liaabise (205 Ll o2 ciliia o o sl ellh g Lot Auled) Zgall 48 jaa A Tas daga
Aans sall 4l pall cilizmsaiall Sl ) 31 al) mady ¢ 3l all dapy (mis ) b
028 5 slal) i Jad) Tarzall dlaialy il il g Capall Jaad & dihid) axs )
Ot (7)d 52l 5 (10) Aoy Al AdaaBle (e 5.2 slad) ddliaa 1y ) Lgaliay Ciliaididll
¢ 2a )l Clane gaen (A B/p (482 €2.8) 0 Lo ilS Al 2Ll e SV 3

@ s zhll eladl L

dihiae G Mo ) BT (U/a) zlol de pud 4 jgddl g 4y giad) i anall(7)J s>
.(2022-1997) 3all 4l

Lasal) X Y | Qs | bLd M| Gl K| Ol | Jsa Gl sl | o | e | QeS| Jaxal)
P ds¥ Al Jo¥) | s siadl

1 44.629 335504 | 292 | 297 3.8 3.9 343 429 | 446 405 | 352 3.02 28| 2.86 3.4

2 446554 | 337026 | 292 | 297 | 3.18| 3.19| 343 | 429 446 405 | 352| 3.02 28| 2.86 3.4

3 447287 | 336008 | 3.9 | 332 352 | 356 | 371 | 473 | 482 45 4 341 302 313 374

4 446407 | 335909 | 292 | 297 | 3.18 | 3.19| 343 | 429 | 446 405 352] 3.02 28| 286 3.4

5 447043 | 337222 | 319 | 332 352 | 356 371 | 3.73| 482 4.5 4| 341 3.02| 313| 374

6 447329 | 334404 | 3.9 | 332 | 352| 356| 371 | 3.73| 482 4.5 4| 341 3.02| 313| 374

7 447219 | 33534 | 319 | 332 352| 356| 371 | 3.73| 482 4.5 4| 341 3.02| 313| 3.74

8 44.7 3348 | 319 332| 352 356| 371 373 | 4.82 45 4 341 302 313| 374

9 446972 | 335811 | 3.19| 332 352 | 356 | 371 | 373 482 45 4 341 302 313 374

10 447012 | 336911 | 3.19| 332 | 352 | 356| 371 | 3.73| 482 4.5 4| 341 3.02| 313| 3.74
11 446675 | 337247 | 292 | 297 | 318 | 3.19| 343 429 | 445 405 | 352 3.02 28| 2.86 3.4
12 446205 | 334905 | 292 | 297 | 3.18| 3.19| 343 | 429 | 445 405 | 352| 3.02 28| 2.86 3.4
13 44612 | 334512 | 292 | 297 318 3.19 | 343 | 429 445 405 | 352 3.02 28| 2.86 3.4
14 446755 | 336624 | 292 297 318 | 3.19| 343 | 429 445 405 352] 3.02 28| 286 3.4

NASA. https://power.larc.nasa.gov/data-access-viewer: jiadll
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Abstract

Environmental challenges are among the most pressing obstacles to
sustainable development. It degradation is accelerating due to climate
change and unsustainable human practices, posing a serious threat to the
sustainability of ecosystems. Therefore, mitigating these challenges has
become a global imperative. One of the first steps in addressing them is
to implement immediate measures to reduce their impact, beginning with
the provision of a safe and stable infrastructure, reinforced by
comprehensive geospatial information. Geospatial data are rightly
considered a cornerstone for monitoring environmental changes, as they
provide timely, accurate, periodic, and often freely available information
that enables early detection of environmental degradation. This, in turn,
supports the making of informed and sustainable decisions.

In order to produce accurate maps and models simulating environmental
degradation within the study area, the researcher relied on geospatial
techniques to provide essential information. This was achieved through
the use of remote sensing data, specifically satellite images from the
American Landsat satellite for the summer and winter seasons of 1997
and 2023, acquired by the OLI and TM sensors. Additionally, data derived
from the Digital Elevation Model (DEM) were utilized, complemented by
the Geographic Information Systems (GIS) environment.

In this study, the researcher was able to apply a set of spectral indices,
including LDI, LST, VHI, BSI, NDWI, SI, and NDVI, in addition to
employing spatial interpolation techniques to model the chemical and
physical properties of the soil and groundwater in the study area. This was
based on field observations, including 19 soil samples collected at a depth
of 30 cm and 19 groundwater samples distributed across different
locations within the study area.

(a]



In fact, this integration of remote sensing data and the Geographic
Information Systems (GIS) environment resulted in the development of
three models for soil, groundwater, and vegetation, which were
subsequently combined to build a final model for assessing overall
environmental degradation in the study area. Since the natural and human
geographic factors contributing to environmental degradation do not hold
equal importance, the study focused on techniques that support more
objective decision-making, leading to the selection of Multi-Criteria
Decision Analysis (MCDA) through the Analytic Hierarchy Process
(AHP), one of the widely used methods for multi-criteria decision-making
that identifies the best alternative among several options. Therefore, this
approach produced a final model for evaluating environmental
degradation in the study area, which revealed the existence of four spatial
categories of environmental degradation: areas with slight degradation
accounted for 15.13% of the total study area, while areas with moderate
degradation increased to 42.56% of the total area, areas with severe
degradation reached 24.55%, and areas experiencing very severe
degradation represented 17.76% of the total study area.

Finally, the study reached a set of conclusions, among the most notable of
which is the decline in vegetation cover due to urban expansion,
overgrazing, and successive drought years. This has intensified soil
degradation as a result of reduced vegetation cover and the soil’s
increased susceptibility to erosion by wind and water. This situation has
been further exacerbated by traditional irrigation methods, which have
contributed to increased soil salinity, particularly in agricultural areas
lacking proper drainage networks. Moreover, the absence of sustainable
land-use planning and weak environmental management has further
accelerated environmental degradation in the study area.
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