Land Surface Temperature (LST) is defined as the temperature at
interface between the Earth’s surface and its atmosphere. LST is playing a
Key role in land surface processes, not only, because of having climatic
Importance, but also due to its control of the sensible and latent heat flux
exchange. LST have wide application in many fields visa;
evapotranspiration, climate change, hydrological cycle, vegetation
monitoring, urban climate and environmental studies. We can calculate
LST from this equation:

LST = 5T
1+ WXBT sk
P
Where:
BT: effective at satellite temperature in absolute temperature.
K2
BT = —g— — 273 15(to convert from Kelvin to Celsius )
In(p-+1)

K1 & K?2: stand for the band-specific thermal conversion constants from
the metadata.
L;: is the Spectral Radiance at the sensor’s aperture

Ly = ML x QCAL + A,

ML.: represents the band-specific multiplicative rescaling factor.
QCAL.: is the band of image.
Ay Band specific additive rescaling factor from the metadata
We can write this equation in this form

Ly = RADIANCE X band, + 0.1

W: is the wavelength of emitted radiance (w = 10.8 um for band10 & w=12 um for
band11).

hC
p=__=14380
S
h: Planck’s constant (6.626 X 10-34 JS)

S: Boltzmann Constant (1.38 x 10-23 J /K)
C: Velocity of light (2.998 x 108 m/s)
LSE: the emissivity.
LSE = 0.004Pv + 0.986
Pv: Proportion of vegetation



Pv =

NDVI — NDVI,,;,, F

NDVI,,,, — NDVI,;,

NDVI: Normalised Difference Vegetation Index
band5 — band4

NDVI =

band5 + band4

band5: Near infrared (NIR) band
band4: Red band

e To calculate LST, follow these steps:

1. Open Arcmap, then add Band 10 - Thermal Infrared (TIRS) & Band 11

'L+) -
- Thermal Infrared (TIRS) 2 from add data ~

2. The RADIANCE , K1 &K2 values can be found from the text file

LC0B_L1TP 16803  LCOS_L1TP 16803  LCOS_LITP 16803  LCOB_L1TP16803  LCOB_L1TP_16803  LCO8_L1TP 16803
620210592021 620210592021 6202105292021 620210529 2021 62021059 2021  6_20210529_ 2021
052902 RT B1 05902RTB2  05902RT B3  05902RTB4  052902RTB5 052902 RT_B6

LC08_L1TP_16803  LCOB_L1TP_16803 | LCO8_L1TP 16803 |~ LCOS_LITP16803  LCOB_L1TP_ 16803  LCO8_L1TP 16803

6202105292021 620210592021 | 6202105292021 | 6202105292021 62021059 2021  6_20210529.2021

05902 RT Bl 052902RT_MDS | 052902 RT MTL | 052902 RTMTL 052902 RTQA. 052902 RT QA
PIXEL RADSAT

RADANCE_MULT_BAND_7 = 4.58368E-04

RADMANCE_MULT_BAND_8 = 1.1008E-02

RADMANCE_MULT_BAND_S = 2.3255E-03

RADIANCE_MULT_BAND_10 = 3.3420E-04

RAMANCE_MULT_BAND_11 = 3.3420E-04

RADANCE_ADD_BAND_1=-81.11022

__ODANIAKMPE AN RARKD 7 - BT CTTRA

GROUP = LANDSAT_METADATA_FILE

END_GROUP = LEVEL1_RADIOMETRIC_RESCALING

GROUP = LEVEL1_THERMAL_CONSTANTS

K1_CONSTANT_BAMND_10 = 7748853

K2_CONSTANT_BAND_10 = 1321.0789

K1_CONSTANT_BAMND_11 = 4508883

K2_CONSTANT_BAND_11 = 1201.1442

END_GROUP = LEVEL1_THERMAL_CONSTANTS

GROUP = LEVEL1_PROJECTION_PARAMETERS
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3. Calculate L from the toolbar select Arc toolbox, and then follow these

steps



ArcToolbox ox|*

ArcToolbox

@3 30 Analyst Tools

& Analysis Tools

0 Cartography Tools

a Conversion Tools

a Data Interoperability Tocls
&3 Data Management Tools
&3 Editing Toals

Q Geocoding Tools

B Geostatistical Analyst Tools
&) Linear Referencing Tools
0 Multidimension Teols

e Metwork Analyst Tools
&3 Parcel Fabric Tools

B3 Schematics Tools

& Conditional

& Density

& Distance

& Extraction

% Generalization

& Groundwater

& Hydrology B
& Interpolation

& Local

R Map Algebra
‘& Raster Calculatg

[ By Mat

»

|
yaieas @[
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K Raster Calculator

Map Algebra expression

Layers and variables Conditicnal -
<>band 11 Con
rband 10 Pick
Settull
MMath
Abs
Exp
0.0003342 * "band 10" +0.1]
COutput raster
€ \Users'Marwa"Documents ArcG IS\ Defaut gdbvastercalc3 @

[ ok || cencel |[Envionments... || <<tidetelp |

4. Press ok and repeat the steps for band11

5. Calculate BT for band 10 & band 11 from raster calculator

Map Algebra expression “ | Map Algebra =
expression
Layers and variables Conditional =
Orad 11 Con =] The Map Algebra
rad 10 E E][E Pick expression you want to
<band 11 fun. =
band 10
The expression is
composed by specifying
= the inputs, values,
p s, and tools to use.
= You can type in the
1321.0789 / Ln((7748853 / rad 107) + 1))-273.15 A
¢ fn(( /rad 107) + 1)) | expression directly or use
the buttons and controls to
Output rster help you create it.
C:\Users\Manwa'\Documents\ArcGIS\Defautt gdb\vastercalc 14 =) « The Layers and
variables list
- identifies the -
[ ok ][ cancel |[Envionments...|[ <<tideHep | [ Toolhep |




Map Algebra expression

Layers and variables
st
<>rad 1
rad 10
band 11

band 10

(1201.1442 /(Ln((#80.8883 / "rad 117) + 1)))-237.15

Output raster
C:\Users\Marwa\Documents\ArcGIS\Default gdb\rastercalc 15

Map Algebra
expression

The Map Algebra
expression you want to
run.

The expression is
composed by specifying
the inputs, values,

operators, and tools to use.

You can type in the
expression directly or use
the buttons and controls to
help you create it.

o The Layers and
variables list
identifies the

[ o J[ concel ] [ <<tidetep |

[ Tootep |

] »

6. Calculate the NDVI; add band4& band5 from add data
raster calculator

Map Algebra expression

Layers and variables

band4

>bands

< Celista_rast1
Osrit

o

rad 11

<>rad 10

Float("band5" - "band4”) / Float('band5" + "band4)

=IIBIBBIM

Output raster
C:\Users\Marwa'\Documents\ArcGIS\Default gdb \rastercalc 17
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, then

Map Algebra
expression

The Map Algebra
expression you want to
un.

The expression is
composed by specifying
the inputs, values,
operators, and tools to use.
You can type in the
expression directly or use
the buttons and controls to
help you create it.

« The Layers and
variables list
identifies the

<<HideHep |

[

Tooltep |

Value

High:0.671945 ——> max

Low:-0.284782 ——> min




7. Calculate Pv from raster calculator

Map Algebra expression Map Algebra
expression

Layers and variables

Log10 2
o (2|70 R R T 9 B e o it
= nnnjoa=nENE N E
RoundDown
S E]IIE )] e
rad 11 B ..BB s:uareth . the inputs, values,

< celista_rast1

,T)»

. RoundUp The expression is "
composed by specifying

1

p and tools to use. !
You can type in the
expression directly or use
the buttons and controls to
help you create it.

Square((NDVI" +0.284782) / (0.671945+0.284782))|

Output raster
C:\Users\Marwa\Documents\ArcGIS\Default gdb'\rastercalc 18 @ o The Layers and
variables list
= identifies thev &
[ ok |[ concel |[environments...|[ <<hiderep | [ Toolkep |

8. Calculate LSE from raster calculator

Map Algebra expression Map Algebra -
expression
Layers and variables ot Conditional -~
S DEEEEEE |
<novi = Pick expression you want to
banda Sethul run. B
bands = Math .
O celista_rast1 . . [j. ol The expression is
it composed by specifying
s i mmmimrr ERE
p , and tools to use.
0.004 = "pv" +0.988] You can type in the
expression directly or use
the buttons and controls to
Output raster help you create it
C:\Users\Manwa\Documents\ArcGIS\Defaut gdb\rastercalc 19 T
variables list
- identifies the A
[ ok ][ cancel | [Envi | [ =<<tidetelp | [ Toolhep |

9. Calculate LST for band 10 & band11 from raster calculator

"5\ Raster Calculator — O X
Map Algebra expression A
OLse Abs
Opv o
ONDVI 7 8 9 ,l' —— I= & E-x]:l 10
Exp2

BanD4 sl sfls[{=]>[>=|1]|p
<{>BANDS a
OBt 123 -| <<=/ ~|ht
{BT10 Ln

— 0 - + ( ) ~ | Logl0

"BT10" /(1 + (10.8 * "BT10" / 14380) *Ln(LSE7)

Output raster
c:\users\asus\documents\arcgis \default. gdb \rastercald &

E Cancel Environments... Show Help >>




10. Now calculate the average of LST from the toolbar select Arc
toolbox,and then follow these steps

ArcToolbox O x|

= & Data Management Tools - =
&3 Editing Tools
&3 Geocoding Tools
& Geostatistical Analyst Tools
B3 Linear Referencing Tools
ﬁ Multidimension Tools
B3 Network Analyst Tools
& Parcel Fabric Tools
ﬁ Schematics Tools
& Server Too

& Conditional

& Density

B Distance

% Extraction

& Generalization

%: Groundwater

& Hydrology

& Interpe

B Local
. Cell Statistic

‘I\ Combine

m

'I\ Equal Te Frequency

‘;\ Greater Than Frequency
‘I\ Highest Position
'I\ Less Than Frequency
‘;\ Lowest Position
‘I\ Popularity
'I\ Rank

B Map Algebra

& Math

o B hAulieariabe




#, Cell Statistics O X
T Choose the layers - =
oLsT10 .l.
LSt
X
1
2
Output raster
G\ Choose when you want to save the result ]
Overlay statistic (optional)
MEAN Choose type of statistic v|
@ Ignore NoData in calculations (optional)
E Cancel Environments. .. Show Help >>




