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Geographical analysis of urban growth and its impact on land surface
temperature in the rural-urban fringe of Kafr El Dawar Town
ABSTRACT

This study highlights the impact of urban growth on the development of the Land
Surface Temperature within the rural-urban fringe - defined by the study as the area
between the cordon of Kafr El-Dawar town and its urban area - and the resulting
development of heat Island within this area. The study relied on the spatial analysis
approach, using a number of methods represented by geographic information systems
software, remote sensing and geostatistical analysis, which were used directly to extract
surface temperatures within the rural-urban fringe of Kafr El-Dawar town, in addition to
a group of cartographic and statistical methods used to display the data. The study
concluded with a number of results, the most prominent of which are:

— The area of built-up land has been increasing at the expense of other land use
categories, reaching 135.3 acres in 1994, then increasing to 746.5 acres in 2008, and
then to 1912.1 acres in 2022.

— The results of the Geostatistical analysis reflected a relative density of urban growth
sites in the study area, in addition to clustered distribution pattern.

— The urban area plays a significant role in selecting new locations for urban
expansion, to take advantage of the services available within the town's urban area.
In addition, proximity to the urban area increases the chance that these locations will
later become part of the urban area.

— The southeast direction occupies one-third of the urban area within the rural/urban
fringe of the town.

— Increase in Land surface temperature and spread of the area of Urban heat islands,
followed by urban expansion throughout the study area.

Keywords: Urban growth, Land surface temperature, Heat islands, Microclimate,
Rural-urban fringe, GIS, Remote Sensing.
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Calculate Distance Band from Neighbor Count

B | Messages el

Executing: CalculateDistanceBand RasterT_ <msg>0;Start
Time: Fri Sep 22 20:05:09 2023
Running script CalculateDistanceBand...

Calculate Distance Band Summary
Minimum 1 neighbor distance: 54.540864
Average 1 neighbor distance: 142.812685
Maximum 1 neighbor distance: 477.538324

Distance measured in Meters

Completed script CalculateDistanceBand...

Succeeded at Fri Sep 22 20:05:10 2023 (Elapsed Time: 0.64
seconds)

Succeeded at Fri Sep 22 20:05:10 2023 (Elapsed Time: 0.64
seconds)

s )] &) talgl Glaly () penl) gail) el gal B o) Al (3ai Gilua 1(Y) @ale
(AY+YY = Yoo A) Bl DA ) gall &S Adpaal
Calculate Distance Band from Neighbor Count

B | Messages X

Executing: CalculateDistanceBand RasterT_<msg>0;Start
Time: Fri Sep 22 20:05:09 2023
Running script CalculateDistanceBand...

Calculate Distance Band Summary

Minimum 1 neighbor distance: 33.091455
Average 1 neighbor distance: 138.826474
Maximum 1 neighbor distance: 481.937200

Distance measured in Meters

Completed script CalculateDistanceBand...

Succeeded at Fri Sep 22 20:05:10 2023 (Elapsed Time: 0.64
seconds)

Succeeded at Fri Sep 22 20:05:10 2023 (Elapsed Time: 0.64
seconds)
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Average Nearest Neighbor Summary

Significance Level Critical Value

Nearest Neighbor Ratio: 0.763457
(p-value) (z-score)

z-score: -8,585659 W

001 g <-2.58
p-value: 0.000000 0.05 @m -258--1.96
010 [ -1.96--1.65
-~ 3 -1.65-1.65
010 = 1.65 - 1.96
005 EE 1.96-258
001 EW >258
« '—)
Significant Significant
.
B Z A 25 PR
Random Dispersed

Given the z-score of -8.58565863331, there is a less than 1% likelihood that this clustered
pattern could be the result of random chance.

Average Nearest Neighbor Summary
Observed Mean Distance: 142.8127 Meters
Expected Mean Distance: 187.0581 Meters

Nearest Neighbor Ratio: 0.763467

z-score: -8.585659
p-value: 0.000000

Dataset Information

Input Feature Class: _silyo=)l goill 25lso
Distance Method: EUCLIDEAN
Study Area: 50386635.543276
Selection Set: False
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Average Nearest Neighbor Summary

Significance Level Critical Value
(p-value) (z-score)

MNearest Neighbor Ratio: 0.755115
z-score: -5,227885

0.01 mmm <-2.58
p-value: 0.000000 005 @ -258--1.96
010 [ -1.96--1.65
o 3 -1.65-1.65
0.10 3 1.65 - 1.96
0.05 =W 1.96 - 2.58
0.01 W >2.58
q—' ’_’
Significant Significant
.
.. o
Clustered Random Dispersad

Given the z-score of -9,2278847212, there is a less than 1% likelihood that this clustered
pattern could be the result of random chance.

Average Nearest Neighbor Summary
Observed Mean Distance: 138.8265 Meters
Expected Mean Distance: 183.8472 Meters

Nearest Neighbor Ratio: 0.755119

z-score: -9.227885
p-value: 0.000000

Dataset Information

Input Feature Class:  silyo=ll goill Bolso
Distance Method: EUCLIDEAN
Study Area: 52457274.263949
Selection Set: False
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var roiCoords = [
[30.049646913150582, 31.21288934992818],
[30.049646913150582, 31.110652327655814],
[30.193842469791207, 31.110652327655814],
[30.193842469791207, 31.21288934992818]
15

var regionOfInterest = ee.Geometry.Polygon(roiCoords);

Map.centerObject(regionOfInterest);
Map.addLayer(regionOfInterest, {color: 'black'}, 'Study Area');

var modisLandCover = ee.ImageCollection("MODIS/061/MCD12Q1")
.mode()
.select('LC_Typel');

var landCoverVisualization = {
min: 1.0,
max: 17.0,
palette: [
'@5450a', '086al0', '54a708', '78d203', '©09900', 'c6bo44', 'dcd159’,
'dade48', 'fbff13', 'beffos', '27ff87', 'c24f44', 'a5a5a5', 'ffedac’,
'69fff8', 'f9ffad', 'lcedff'
1,
¥

Map.addLayer(modisLandCover.clip(regionOfInterest), landCoverVisualization,
‘Land Cover');

var lstDay = ee.ImageCollection("MODIS/061/MOD11A2")
.select('LST_Day_1km")
.filterDate('2008-01-01"', '2022-12-31")
.map(function(image) {
return image.multiply(0.02).subtract(273.15)
.copyProperties(image, image.propertyNames());

s

var lstNight = ee.ImageCollection("MODIS/061/MOD11A2")
.select('LST_Night_ 1km")
.filterDate('2008-01-01"', '2022-12-31")
.map(function(image) {
return image.multiply(0.02).subtract(273.15)
.copyProperties(image, image.propertyNames());

1)

function extractUrbanAreas(image) {
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var urbanMask = image.eq(13).updateMask(image.eq(13));
return urbanMask.reduceToVectors({
geometry: regionOflInterest,
scale: 500
}).union(1);
}

var urbanAreas = extractUrbanAreas(modisLandCover);
Map.addLayer(urbanAreas, {color: 'orange'}, 'Urban Areas');

print(
ui.Chart.image.series({
imageCollection: lstDay,
region: urbanAreas,
reducer: ee.Reducer.mean(),
scale: 500,
xProperty: 'system:time_start'
}) .setOptions({
title: 'Daytime LST over Urban Areas (2008-2022)',
hAxis: {title: 'Year'},
vAxis: {title: 'Temperature (°C)'},
lineWidth: 2,
colors: ['#FF4500']
)
)

print(
ui.Chart.image.series({
imageCollection: 1lstNight,
region: urbanAreas,
reducer: ee.Reducer.mean(),
scale: 500,
XxProperty: 'system:time_start’
}).setOptions({
title: 'Nighttime LST over Urban Areas (2008-2022)°',
hAxis: {title: 'Year'},
vAxis: {title: 'Temperature (°C)'},
lineWidth: 2,
colors: [ '#800000']
)
)
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Day-Time-Start 1-Jan-08 9-Jan-08 17-Jan-08 | 25-Jan-08 2-Feb-08 10-Feb-08 | 18-Feb-08
LST_Day Time 18.69 17.73 18.38 16.62 19.34 18.53 15.17
Day-Time-Start 26-Feb-08 5-Mar-08 13-Mar-08 | 21-Mar-08 | 29-Mar-08 6-Apr-08 14-Apr-08
LST_Day Time 20.18 23.30 24.91 27.43 24.86 24.39 31.29
Day-Time-Start 22-Apr-08 | 30-Apr-08 8-May-08 | 16-May-08 | 24-May-08 1-Jun-08 9-Jun-08
LST_Day Time 33.36 32.71 32.69 35.57 37.50 37.24 36.69
Day-Time-Start 17-Jun-08 | 25-Jun-08 3-Jul-08 11-Jul-08 19-Jul-08 27-Jul-08 4-Aug-08
LST_Day Time 37.49 36.59 37.21 35.60 35.18 34.86 35.55
Day-Time-Start 12-Aug-08 | 20-Aug-08 | 28-Aug-08 5-Sep-08 13-Sep-08 | 21-Sep-08 | 29-Sep-08
LST_Day Time 34.72 34.52 33.36 34.95 35.27 33.35 30.86
Day-Time-Start 7-Oct-08 | 15-Oct-08 | 23-Oct-08 | 31-Oct-08 | 8-Nov-08 | 16-Nov-08 | 24-Nov-08
LST_Day Time 28.06 28.70 25.49 27.88 23.48 23.74 24.29
Day-Time-Start 2-Dec-08 | 10-Dec-08 | 18-Dec-08

LST_Day Time 23.04 21.76 18.19

.(A3L) Google Earth Engine y Java script 1S gilii : juadl
Jss&.gm gj'ad\/g,iﬁj\ &L@uwﬁ é.hl.'\.d\ @Q\;Lg.d\ Ghud\ S)ﬁ%ﬁkujh :(\ ~) @ala

Day-Time-Start 1-Jan-22 9-Jan-22 17-Jan-22 | 25-Jan-22 2-Feb-22 | 10-Feb-22 | 18-Feb-22
LST_Day Time 18.84 16.20 16.33 15.98 17.74 18.35 19.32
Day-Time-Start 26-Feb-08 5-Mar-08 13-Mar-08 | 21-Mar-08 | 29-Mar-08 6-Apr-08 14-Apr-08
LST_Day Time 19.82 15.51 17.64 21.74 25.31 27.16 28.31
Day-Time-Start 22-Apr-08 | 30-Apr-08 8-May-08 | 16-May-08 | 24-May-08 1-Jun-08 9-Jun-08
LST_Day Time 30.81 30.45 32.36 36.12 38.67 37.26 37.44
Day-Time-Start 17-Jun-08 | 25-Jun-08 3-Jul-08 11-Jul-08 19-Jul-08 27-Jul-08 4-Aug-08
LST_Day Time 38.81 37.85 37.19 36.52 37.32 36.99 33.78
Day-Time-Start 12-Aug-08 | 20-Aug-08 | 28-Aug-08 | 5-Sep-08 13-Sep-08 | 21-Sep-08 | 29-Sep-08
LST_Day Time 35.18 34.89 33.44 34.00 33.04 32.67 34.28
Day-Time-Start 7-Oct-08 15-Oct-08 | 23-Oct-08 | 31-Oct-08 8-Nov-08 | 16-Nov-08 | 24-Nov-08
LST_Day Time 30.87 29.40 26.95 24.89 22.39 22.93 21.93
Day_Time_Start 2-Dec-08 10-Dec-08 18-Dec-08

LST_Day Time 22.74 16.79 19.06

-(A3>L) Google Earth Engine y Java script 1S gilii : juadl
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Day-Time-Start 1-Jan-08 9-Jan-08 17-Jan-08 | 25-Jan-08 2-Feb-08 10-Feb-08 | 18-Feb-08
LST_Day Time 8.91 6.70 8.07 8.06 9.37 8.37 8.59
Day-Time-Start 26-Feb-08 5-Mar-08 13-Mar-08 | 21-Mar-08 | 29-Mar-08 6-Apr-08 14-Apr-08
LST_Day Time 10.62 11.24 12.68 14.57 13.22 14.31 16.25
Day-Time-Start 22-Apr-08 | 30-Apr-08 8-May-08 | 16-May-08 | 24-May-08 1-Jun-08 9-Jun-08
LST_Day Time 14.33 15.25 18.02 17.73 20.31 22.16 21.31
Day-Time-Start 17-Jun-08 | 25-Jun-08 3-Jul-08 11-Jul-08 19-Jul-08 27-Jul-08 4-Aug-08
LST_Day Time 24.10 24.29 24.62 24.42 24.13 24.61 24.01
Day-Time-Start 12-Aug-08 | 20-Aug-08 | 28-Aug-08 5-Sep-08 13-Sep-08 | 21-Sep-08 | 29-Sep-08
LST_Day Time 24.34 24.63 23.66 23.02 21.88 21.56 18.67
Day-Time-Start 7-Oct-08 | 15-Oct-08 | 23-Oct-08 | 31-Oct-08 | 8-Nov-08 | 16-Nov-08 | 24-Nov-08
LST_Day Time 18.00 18.16 16.22 17.49 15.18 13.96 12.61
Day-Time-Start 2-Dec-08 | 10-Dec-08 | 18-Dec-08

LST_Day Time 13.11 10.57 9.03

AS A (5 jdand)/ Ay ) Gialglly Aal) glabiad B ALl mhaad) 5 e A 0 e 1(V Y) Gale

-(A3>L) Google Earth Engine y Java script 1S gilii : juadl

Day-Time-Start 1-Jan-22 9-Jan-22 17-Jan-22 | 25-Jan-22 2-Feb-22 10-Feb-22 | 18-Feb-22
LST_Day Time 10.37 8.36 6.68 7.69 8.92 9.28 10.24
Day-Time-Start 26-Feb-08 5-Mar-08 13-Mar-08 | 21-Mar-08 | 29-Mar-08 6-Apr-08 14-Apr-08
LST_Day Time 9.68 11.06 6.68 8.76 13.74 13.09 14.24
Day-Time-Start 22-Apr-08 | 30-Apr-08 8-May-08 | 16-May-08 | 24-May-08 1-Jun-08 9-Jun-08
LST_Day Time 15.85 15.89 17.26 19.11 21.63 22.48 23.21
Day-Time-Start 17-Jun-08 | 25-Jun-08 3-Jul-08 11-Jul-08 19-Jul-08 27-Jul-08 4-Aug-08
LST_Day Time 23.69 24.39 25.49 25.67 25.89 25.51 25.15
Day-Time-Start 12-Aug-08 | 20-Aug-08 | 28-Aug-08 5-Sep-08 13-Sep-08 | 21-Sep-08 | 29-Sep-08
LST_Day Time 25.26 25.25 24.67 24.35 22.00 22.14 21.85
Day-Time-Start 7-Oct-08 | 15-Oct-08 | 23-Oct-08 | 31-Oct-08 | 8-Nov-08 | 16-Nov-08 | 24-Nov-08
LST_Day Time 18.45 18.25 18.13 16.43 15.93 14.20 13.13
Day-Time-Start 2-Dec-08 | 10-Dec-08 | 18-Dec-08

LST_Day Time 13.05 15.18 12.58

-(A3>L) Google Earth Engine y Java script 1S gilii : juadl
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var dataset = ee.ImageCollection( 'MODIS/061/MOD11A2")
.filter(ee.Filter.date('2008-01-01', '2022-12-31"));
var landSurfaceTemperature = dataset.select('LST Day 1km');
var landSurfaceTemperatureVis = {
min: 14000.0,
max: 16000.0,

palette: [
'040274', '040281', '0502a3', '0502b8', '©502ce', '0502e6',

'0602ff', '235cbl', '307ef3', '269dbl', '30c8e2', '32d3ef’,
'3be285', '3ff38f', '86e26f', '3ae237', 'bSe22e', 'dee2lf’,
"fff705', 'ffdell', 'ffbel3', 'ff8bl3', 'ffee08', 'ffseed',
'ff0000', 'de@10l', 'c21301', 'a71001', '911003'

1,
¥
Map.setCenter(6.746, 46.529, 2);

Map.addLayer(
landSurfaceTemperature, landSurfaceTemperatureVis,

'Land Surface Temperature');

var collection =
ee.ImageCollection('MODIS/061/MOD11A2").select("LST _Day_1km")
.filterDate('2008-01-01', '2022-12-31")

.filterBounds(roi);

var LSTDay = collection.map(function(img) {
return img.multiply(0.02).subtract(273.15).copyProperties(img,
['system:time_start', 'syst em:time_end']);

1)

var chart = ui.Chart.image.doySeriesByYear(
LSTDay, 'LST_Day_1km', roi, ee.Reducer.mean(), 1000);
print(chart);
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