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Abstract

This study analyzes the spatio-temporal change in land surface disturbance and soil degradation in
and around the iron ore quarry in Al-Jumum Governorate during 2015-2025 using Landsat Collection
2 Level-2 data, remote sensing, and geographic information systems. The Disturbance Index (DI) and
Bare Soil Index (BSI) were used to derive comparable quantitative indicators within the quarry
boundary and a 3 km surrounding buffer. The results indicate persistent surface disturbance within
the mining core, where the maximum DI increased from 1.385 in 2015 to 1.481 in 2025, while the
mean value declined from 0.872 to 0.812, reflecting intensified disturbance in the core and relative
stability in the surrounding area. BSI results also reveal continued soil exposure and the extension of
high-exposure zones beyond the official quarry boundary, particularly toward the south. The study
demonstrates the value of multi-index spatio-temporal analysis for monitoring mining sites in arid
environments and supports expanding environmental impact assessment beyond official license
boundaries.

Keywords: Land Surface Disturbance, Soil Degradation, Iron Ore Quarry, Disturbance Index, Bare
Soil Index, Remote Sensing, GIS.
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<l s «Landsat Collection 2 Level-2 <lily Aallas il jall dddaie poa3 A addiiall 3 S Galall 138 850
Al clialall =1 AL daelll lebasy) z1,A%) (DI BSI ¢ el (U

/
Landsat <bls dallas b a33%uall Google Earth Engine S :f Gale //
DI 5 BSI ;<) yigall //

Landsat Collection 2 Level-2 :<lall //

WGS 1984 UTM Zone 37N — EPSG:32637 :hiwy) //

m 30 :Aslsal a8 j/

/

km 3 3Uaig jasall 2 gas Al all dshaia ] //
1Dvar quarry = ee.Geometry.Polygon
,[21.680970 ,39.508093]

,[21.681241 ,39.513671]

,[21.679886 ,39.522968]

,[21.670332 ,39.523005]

,[21.670569 ,39.507510]

[21.680970 ,39.508093]

(I
;Qvar roi = quarry.buffer(3000).bounds

;Map.centerObject(roi, 13)
;(true, 0.9 ' saaall 208" quarry, {color: 'FF0000'} )Map.addLayer
;(km', true, 0.73 4u Al &k’ roi, {color: '000000'} )Map.addLayer

Landsat Collection 2 Level-2 <l (5 yie g ) sl 2 //
SR =DN * 0.0000275 - 0.2 //

} function applyScaleFactors(image)

var optical = image.select('SR_B.")

(0.0000275)multiply.

(0.2-)add.

;(1,0)clamp.

;return image.addBands(optical, null, true)

{

QA _PIXEL alaaiuly JOUall g conud) 41131 3 //

} function maskClouds(image)

;var qa = image.select('QA_PIXEL")

var cloudMask = ga.bitwiseAnd(1 << 3).eq(0) // Cloud
and(qa.bitwiseAnd(1 << 4).eq(0)) // Cloud Shadow.
and(qa.bitwiseAnd(1 << 1).eq(0)); // Dilated Cloud.
;return image.updateMask(cloudMask)

{

DI 5 BSI s i a4 //
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} function addIndices(image)

var B2 = image.select('SR_B2"); // Blue
var B3 = image.select('SR_B3'"); // Green
var B4 = image.select('SR_B4'); / Red
var B5 = image.select('SR_B5'); // NIR
var B6 = image.select('SR_B6'"); // SWIR1
var B7 = image.select('SR_B7'); // SWIR2

BSI=((SWIR1 + Red) - (NIR + Blue)) / ((SWIR1 + Red) + (NIR + Blue)) //
)var bsi = image.expression

,'((SWIRI + RED) - (NIR + BLUE)) / ((SWIR1 + RED) + (NIR + BLUE))'
{SWIR1": B6, 'RED" B4, 'NIR": B5, 'BLUE" B2'}

;('rename("BSI.(

DI = Brightness - (Greenness + Wetness) //

.(2014) .Tasseled Cap coefficients for Landsat 8/9 OLI are based on Baig et al //

)var tcb = image.expression

,'(0.3029*%B2) + (0.2786*B3) + (0.4733*B4) + (0.5599*B5) + (0.5080*B6) + (0.1872*B7)"
{B2'": B2, 'B3": B3, 'B4": B4, 'B5": B5, 'B6": B6, 'B7': B7'}

i(

)var tcg = image.expression

,¥B2) + (-0.2430*B3) + (-0.5424*B4) + (0.7276*B5) + (0.0713*B6) + (-0.1608*B7)0.2941-('
{B2" B2, 'B3": B3, 'B4": B4, 'B5": B5, 'B6" B6, 'B7': B7'}

i(

)var tcw = image.expression

,'(0.1511*%B2) + (0.1973*B3) + (0.3283*B4) + (0.3407*B5) + (-0.7117*B6) + (-0.4559*B7)'
{B2'": B2, 'B3": B3, 'B4": B4, 'B5": B5, 'B6": B6, 'B7'": B7'}

i(
;var di = tcb.subtract(tcg.add(tcw)).rename('DI")

;return image.addBands([bsi, di])
{

T lly ane g0 S e £ L) g Lginllaa g ) puall Jian3 5 //
} function getlmage(startDate, endDate, collection)
return ee.ImageCollection(collection)
filterBounds(roi).

filterDate(startDate, endDate).
filter(ee.Filter.It(CLOUD COVER/, 10)).
map(applyScaleFactors).

map(maskClouds).

map(addIndices).

()median.

;clip(roi).

SJM\Q‘MJ.J.LA—L}HJLAJFM.6//
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;var img2015 = getlmage('2015-03-01', '2015-05-31', ' LANDSAT/LC08/C02/T1_L2")
;var img2020 = getlmage('2020-03-01', '2020-05-31', ' LANDSAT/LC08/C02/T1_L2")
;var img2025 = getlmage('2025-03-01", '2025-05-31', 'LANDSAT/LC09/C02/T1_L2")

el 53 deadinall ) puall 220 e 333 //

var col2015 = ee.ImageCollection(LANDSAT/LC08/C02/T1_L2")
('31-05-2015','01-03-2015"filterBounds(roi).filterDate.

sfilter(ee. Filter.It(CLOUD_COVER/, 10)).

var co0l2020 = ee.ImageCollection(LANDSAT/LC08/C02/T1 12"
('31-05-2020','01-03-2020"filterBounds(roi).filterDate.
sfilter(ee.Filter.1t(CLOUD_COVER!, 10)).

var col2025 = ee.ImageCollection(LANDSAT/LC09/C02/T1 12"
('31-05-2025','01-03-2025" filterBounds(roi).filterDate.

sfilter(ee. Filter.It(CLOUD_COVER/, 10)).

(=== il ) guall (e @83 ===")print

;(Ocol2015.size ,":2015 L= 33e")print
;(col2015.aggregate_array('DATE_ACQUIRED') ,":2015 &) s")print
;(0c012020.size ,":2020 L= 33=")print

;(col2020.aggregate _array('DATE_ACQUIRED") ,":2020 &) s")print
;(0col2025.size ,":2025 L= 222 ")print
;(col2025.aggregate_array('DATE_ACQUIRED") ,":2025 &) s")print

G b gall &l jA50) 7 //

;var bsi2015 = img2015.select('BSI')
;var bsi2020 = img2020.select('BSI")
;var bsi2025 = img2025.select('BSI")

;var di2015 = img2015.select('DI")
;var di2020 = img2020.select('DI")
;var di2025 = img2025.select('DI")

2025-2015 AU il Jadl A 8 //
;var bsi_change = bsi2025.subtract(bsi2015).rename('BSI_Change 2015 2025")
;var di_change = di2025.subtract(di2015).rename('DI_Change 2015 2025")

Lilall e 9 //

;var rgbVis = {bands: ['SR_B4','SR_B3', 'SR_B2'], min: 0.02, max: 0.20}
} = var bsiVis

,min: 0.07, max: 0.32

palette: ['#FFFFD4', 'HFEDOSE', '#FE9929', '#D95FOE', '#993404']
i

} = var diVis

,min: 0.41, max: 1.31

palette: ['#1A9641', #A6D96A', '#FFFFBF', '#D73027', '#A50026']
i

} = var bsiChangeVis
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,min: -0.22, max: 0.11

palette: ['#1A9641", '#A6D96OA', '#FFFFFF', '#FDAEG61', '#D73027']
34
} = var diChangeVis

,min: -0.45, max: 0.41

palette: ['#A50026', '#D73027', '#FFFFFF', '#A6D96A', #1A9641']

i

;Map.addLayer(img2015, rgbVis, '/RGB 2015', false)
;Map.addLayer(img2020, rgbVis, 'RGB 2020', false)
;Map.addLayer(img2025, rgbVis, 'RGB 2025', false)

;Map.addLayer(bsi2015, bsiVis, 'BSI 2015")
;Map.addLayer(bsi2020, bsiVis, 'BSI 2020")
;Map.addLayer(bsi2025, bsiVis, 'BSI 2025")

;Map.addLayer(di2015, diVis, 'DI 2015")
;Map.addLayer(di2020, diVis, 'DI 2020")
;Map.addLayer(di2025, diVis, 'DI 2025")

;Map.addLayer(bsi_change, bsiChangeVis, 'BSI change 2015-2025")
;Map.addLayer(di_change, diChangeVis, 'DI change 2015-2025")

sl Slelaay) 10 //

()var reducer = ee.Reducer.mean
combine(ee.Reducer.stdDev(), null, true).
combine(ee.Reducer.min(), null, true).
;combine(ee.Reducer.max(), null, true).

;var params = {reducer: reducer, geometry: roi, scale: 30, maxPixels: 1e9}

;('=== BSI Qlebuas) ==="\print

;print('BSI 2015:', bsi2015.reduceRegion(params))
;print('BSI 2020:', bsi2020.reduceRegion(params))
;print('BSI 2025:', bsi2025.reduceRegion(params))
;print('BSI change:', bsi_change.reduceRegion(params))

;('=== DI Qlelas| ===")print

;print('DI 2015:', di2015.reduceRegion(params))
;print('DI 2020:', di2020.reduceRegion(params))
;print('DI 2025:', di2025.reduceRegion(params))
;print('DI change:', di_change.reduceRegion(params))

Google Drive | el 11 //
;'var folderName = 'Aljoum_Final
;var scale =30

;'var outCrs = 'EPSG:32637
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;var maxPixels = 19

Export.image.toDrive({image: bsi2015, description: 'BSI 2015', folder: folderName, region: roi, scale: scale, crs:
;outCrs, maxPixels: maxPixels})

Export.image.toDrive({image: bsi2020, description: 'BSI 2020', folder: folderName, region: roi, scale: scale, crs:
;outCrs, maxPixels: maxPixels})

Export.image.toDrive({image: bsi2025, description: 'BSI 2025', folder: folderName, region: roi, scale: scale, crs:
;outCrs, maxPixels: maxPixels})

Export.image.toDrive({image: bsi_change, description: 'BSI Change 2015 2025', folder: folderName, region: roi,
;scale: scale, crs: outCrs, maxPixels: maxPixels})

Export.image.toDrive({image: di2015, description: 'DI 2015', folder: folderName, region: roi, scale: scale, crs: outCrs,
;maxPixels: maxPixels})

Export.image.toDrive({image: di2020, description: 'DI 2020, folder: folderName, region: roi, scale: scale, crs: outCrs,
;maxPixels: maxPixels})

Export.image.toDrive({image: di2025, description: 'DI_2025', folder: folderName, region: roi, scale: scale, crs: outCrs,
;maxPixels: maxPixels})

Export.im
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