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Abstract

Al-Malfa Lake, located in the Jaghbub Depression in eastern Libya, has
experienced a significant decline in its water level in recent years due to climatic
influences, high evaporation rates, and prolonged drought conditions, leading to a
noticeable reduction in its surface area and the degradation of its ecological
system.

This study aims to analyze the natural, morphometric, and physicochemical
characteristics of Al-Malfa Lake and to assess the impact of climatic and
hydrological factors on its surface area and water level changes during the period
2009-2022, in order to determine the causes of the lake’s decline and propose
sustainable management approaches. The research adopted a descriptive and
analytical methodology, utilizing remote sensing and GIS techniques (ArcGIS
10.3) to analyze Sentinel-2 satellite imagery, along with the Normalized
Difference Water Index (NDWI) derived from the EOS LandViewer platform to
monitor seasonal variations in the lake’s extent during winter and autumn. Field
measurements were also conducted to analyze water samples and estimate the
discharge of the northern spring feeding the lake.The results revealed that Al-
Malfa Lake has an elliptical shape with irregular shorelines, covering an average
area of 0.85 km? and an average depth of about 2 meters. The discharge of the
northern spring was estimated at 70 liters per second. The lake’s surface area
decreased by about 6% during the study period, with the largest extent (0.88 km?)
recorded in February 2009, and the smallest (0.74 km?) in September 2019,
accompanied by a water level drop of 45 c¢cm in October 2019. The findings
indicate that high temperatures and intense evaporation during summer and early
autumn are the main factors causing the lake’s shrinkage, whereas its expansion
occurs during the cooler winter months. The study highlights the importance of
continuous monitoring of Al-Malfa Lake using remote sensing technologies and
emphasizes the need for sustainable water resource management in the Jaghbub
Depression to preserve its unique environmental system

Keywords: Lake Malfa, Jaghbub Depression, Lake Area, Lake Level Decline,
Topographic and Geological Characteristics.
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2009 ple radgy plpd g3 & ol Zhyh il (5) JSH

0.85 km2 0.88 km2

2009_11-08 T 2009_02_16

m ha % > m ha %

08t01 Water surface 0.00 m* 08to1 Water surface 0.00 m*
061008  Water surface 74700.00 m* 061008  Water surface 0.11 km?*
031006  Water surface 0.72 km* 031006  Water surface 0.70 km*
021003  Water surface 27 900.00 m* 021003  Water surface 39 600.00 m*
0.1100.2 Flooding, humidity 29700.00 m* 011002  Flooding, humidity 34.200.00 m*
0t00.1 Flooding, humidity 45 000.00 m* 0t00.1 Flooding, humidity 37 800.00 m*
03100 Moderate drought, non-aqueous surfaces 1.98 km?* 03100 Moderate drought, non-aqueous surfaces 2.44 km*

Drought, non-aqueous surfaces 41 400.00 m* Jl 06t0-03 Drought, non-aqueous surfaces 29 700.00 m*
11006 Drought, non-aqueous surfaces 0.00 m* 110-0.6 Drought, non-aqueous surfaces 0.00 m*
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2014 ol judgy plpd b & Spoed) (rgdghyshl st (6) i)

2014_11_06 2014_02706,

m ha %

08to1 0.00 m*
061008 0.00 m*
0.3100.6 0.41 km?
021003 0.35 km?
011002 36 000.00 m*
0to0.1 38 700.00 m*
03100 2.25 km®
il 061003 0.31 km*
- -1t10-0.6 0.00 m*

m ha %

08101 0.00 m?
0.6100.8 0.72 k2
031006 86400.00m*
021003 22500.00 m
011002 33300.00m*
0t00.1  33300.00m*
03100 214 km?

] 061003 0.36 km?

| 11006 0.00 m*

2014 ol pasay 2z b & Synel) i dhysht o (7) St

0.744 km2,_ ' 0.77 km2

2019-09-24 : 2019 ) b 02

m ha %

08to1 0.00 m* 08to1 0.00 m*
0610038 0.60 km? 061008 0.00 m?
031006 95400.00 m* 3100, ;

021003 2430000 m* 32 :ﬁ 8‘2 : Gﬂoagokﬁi
011002 2520000 m* 011002 0.10 knr®
% tc3> 35;10 33300.00m* 01001 7110000

2.33 ke
@l 06103  025kme 0200 2.51 k*

Bl 1to06 . Bl 06103 17100.00 m*
Il oo 0.00 my R na

m ha %
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2022-08-31

2022-01-28

m ha % < m ha %

08to1 0.00 m? 08to1 1800.00 m*
061008 0.38 km?® 06100.8 0.71 km?
0.3100.6 0.34 km* 03100.6 91800.00 m*
021003 21600.00 m* 021003 18000.00 m*
011002 25200.00 m* 011002 28800.00 m*
0to0.1 38 700.00 m* 0to0.1 32 400.00 m*
03t 0

] 061003
-110-0.6

2.33 ke 03100 218 ke
0.23 km®* ll 061003  032km
0.00m? 110-06 0.00 m*
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o) > &9 il )

30 Ogebo vl g slid - e f
1.73 3.4 0.85 0.88 Landsat 08 2009 1
1.65 8.1 0.79 0.86 Landsat 08 2014 2
1.51 3.8 0.74 0.77 Landsat 08 2019 3
1.59 1.0 0.75 0.84 Sentinel 02 2019 4
1.61 7.0 0.77 0.84 Landsat 08 2022 5
1.62 335 39 4.19 gsas!
8.09 6.7 0.78 0.838 Lo gl

EOS zau ¢ Lables 7 &) aeblo¥) LY 50 o (oWl slte] 2023 gt )l jaald

ol & Js Landviewre
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