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Abstract

The current study is concerned with using remote sensing techniques to measure the Land Surface Tem-
perature (LST) and Heat Islands (UHI) in July at Unayzah and their relationship to the development
of the land road network for the years (2000, 2013, and 2023), using satellite visuals Landsat 5, 8, and
9, and Open Street Map data, and producing maps of the temporal and spatial distribution of the road
network, surface temperature, and heat islands in the city, using (ARCGIS). The objectives of the study
include determining the direction of growth and development of the land road network, and its relation-
ship to the formation of heat islands. The most Prominent Findings of the Study: The road network grew
at a rate of (67%) for the period 2000-2013, and (36%) for the period 2013-2023, towards the northwest,
west, and southwest. This resulted in an increase of the land surface temperature at a rate of (11 °C) since
2000 until 2023, and the appearance of heat island peaks, ranging between (31 - 34 °C), in an unprec-
edented manner during recent years, especially in the northwest direction. The findings also reveals a
noticeable variation in the average intensity of the heat island on the roads from one year to another, as
the average intensity of the heat island around the roads increased from (21.6°C) in 2000 to (28.4°C) in
2023.Recommendations of the Study: Interest in planting road sidewalks and central islands, switching
to public transportation and replacing asphalt materials with white asphalt, and utilizing remote sensing
techniques to monitor and evaluate the impact of land uses on the environment.

Keywords: UHI, road network, Unayzah city, Remote Sensing, Landsat.
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University of Hail

- ( LMAX.,, — LMIN,
T~ \QCALMAX — QCALMIN

* LMINy = Spectral radiance scaled to QCALMIN
in (watts / (m2 * st * pm))

¢ QCALMIN = Minimum quantized calibrated
pixel value (corresponding to LMINy) in DN

¢ QCALMAX = Maximum quantized calibrated
pixel value (corresponding to LMAXYy) in DN

gl oyt L) SN By 0 Byl 1 dmys JsS .3
T. = Ty —273.15

1. Conversion to Top-of-Atmosphere (TOA) Radiance.
L(A) =ML x Band 10 + AL— Oi Where:

e L(A): TOA spectral radiance ML: Radiance
multiplicative band (MTL txt) AL: Radi-
ance add band #10 (MTL txt)

e Oi: correction value (for Landsat 8&9

) x (QCAL — QCALMIN) + LMIN,

Where:
¢ Ly = Spectral radiance
¢ QCAL = Quantized calibrated pixel value in DN

e LMAXy = Spectral radiance scaled to
QCALMAX in (watts / (m2 * sr * um))

Zdﬂg‘ 5-\?}4 tjh...“ 5)‘;’ 37.)5 [l g 2
K2

- in(+1)

Where:
o T = Effective at satellite Temperature in
Kelvin>
¢ K2 = Calibration constant 2.
¢ K1 = Calibration constant 1.

Band#10 = 0.29 ¢ Ly = Spectral radiance
2 Je
10 b iitad) iiell ddwog)) L)) Cils (oo dudla)) doimll (AL ) W8l YI folesy (ML) <yl foloo
okt Landsat8 Landsat9
ML 0.0003342 0.00038000
AL 0.1 0.10

ture Co
¢ L()\): TOA spectral radiance

e K1: K1 constant for band#10 (MTL txt)
e K2: K2 constant for band#10 (MTL txt)

S e sl Gl UL el il
2. Conversion to Top-of-Atmosphere (TOA)

Brightness Temperature

Kelvin (k) to Celsius degree Co BT = K2 / In
(k1/L(A)+1) — 273.15 Where:

e BT: Top of Atmosphere brightness tempera-

30 ) 9

Ailad) idpal) ddw o) UL Cils o (51 Cold)]
o] LandsatS Landsat8 Landsat9
K1 607.76 774.8853 799.0284
K2 1260.56 1321.0789 1329.2405

Where: NIR is the reflectance band in the NIR
channel and RED is reflectance band in the red
channel.

LM e @M Gl ol el /e~

3.Normalized Difference Vegetation Index (NDVI)
NDVI=(NIR-RED)/ (NIR+RED)

4 p% Jgsr
(RED) 4kl cluatly (NIR) slpod! )8 dns¥) dojm 4 desl Sy
Landsat 5 Landsat 8 Landsat 9
NER Band 4 Band 5 Band 5
RED Band 3 Band 4 Band 4

LM e @M Gl oLy el [dk=Ste
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e h: Plank’s constant = 6.626 * 10-34 m K
e s: Boltzmann constant = 1.38%10-23 JK
* E: Land Surface Emissivity

:Urban Heat Island <\« -z

£ (LST) 2, gl 3> 5 e Jpaadd s,

AW bl slasent (UHI) oles

LST — LST,,

UHI =
SD

Where:

« UHI: Urban Heat Island

* LST: Land Surface Temperature
* LSTm: LST mean

» SD: standard deviation of LST

&850 e Agilizdl) il el Jaesd
USGS

4. Land Surface Emissivity (LSE (E)):

LSE =0.004 * PV + 0.986
PV = ((NDVI — NDVI min) / (NDVI max —

NDVI min))2

where:

» PV: Portion of Vegetation

5. Land Surface Temperature (LST):
LST=BT/(1+ (A *BT/C2) * In (E))
Where:

» BT: Top of Atmosphere brightness tempera-
ture Co

» L: Wavelength of emitted radiance for Land-
sat8 Band#10 A=10.8 and for Band#11 A=12

* C2=h*c/s C2=14388m K

2 s

UHI ot Lol duzegio

.

( il all ovigl) el (

Landsat 8-9 [
| Conversion to Top-of-
Atmosphere (TOA)

l@T) £ shaudl 5l s A 49

T A g o v
(NDVI)

ICLand Surface Ernissivity)

lE‘AJy‘ s 3, Aa u.—:\-u5
(LST)

»| Landsat 5

Gandsat—S e buall il (g, all _\:\@

eleidl Sy saiill
Conversion DN to Radiance

C (0A1S) & shand) 550 A 5y lasa )

I

@JM\K%J_\M_;\gé&g\s;;,ws_)\_}gnz?%_);@@'

3l SSU U e (5924 Landsat 9 5 Landsat 8
e 5l (fre 15) e JeT 151G 335 3y <V PAN
J) Loy, Landsat 5. oo ST 2230 foladl 58

Slua 4 3t Urban Heat Island <>

s el ik
(Sholihah & Shibata, 2019)

(Oppong, J, 2021)
(Mahmud,2023)

(Rahman, et al., 2022)
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