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The Basic Steps of Land Surface Temperature
Determination Using Thermal Images of Landsat-7

Dr. Hala kabeel™*
Abstract

Land Surface Temperature (LST) is one of the most important variables
measured by satellite remote sensing data, where the thermal images present a
great potential for providing information on spatial and temporal changes in
LST. Many methodologies have been developed for calculation the LST from
the space. However, estimating LST is still a complex task since the beginning
of its retrieval. This research aims to establish the basic steps for calculating
the LST from the thermal data of Landsat-7. A brief theoretical background of
the subject is reviewed to explain the concepts entre the LST and the thermal
sensor, followed by the methodological framework used to derive the LST
from the satellite data with an applied illustration on Cairo city.

Keywords: Land Surface Temperature (LST), Landsat-7, Radiometric
calibration, Atmospheric correction, Emissivity.

** Damascus University, Faculty of Arts and Humanities, Department of Geography.

442



Juld Al Lo 2019 —J V1 22adl =35 alaall — Gued drels dlaa

-

tAadla

Leidle DA o G gl el b dagall jusliall (o land) Bia s 2
Gy il 8 Gl Do Jid g8 cgsall G pe o Lall ¥ alisg 48l lilany
a8 ol 13 Al ) Blag L Slal o Uaadly AL sl 3y 48l el 3
O i) pa dladiul mhadl sha dapy Gl sde Gl sk 8 HLdaY) )
O gehaaad) Bylya Al AeS s Aeliall HLY) e Aphall Hpaall 238 Y cany
Gl (e gl 2l e ) s e pbeal) Ayl 45U Lela s PIs
10,50-12,50) —askall Jlsal) & & 8lall o2 & (4o %80 Jaisls . uushalina s oSl
.(Czajkowski, et al: 2005) aphall ciprisall el 4 Jaxs 2 ( jias Ssa

osaS Al glyall das il ddline 40l iy Apha Hyea Ciaadil)
L5 Leabua 33k g535 3) <(NOAA, TERRA, ERS, ENVISAT, Landsat Ly
Adadiyal Jealgall e Szad ¢yl JS1 A alal) D Lbaally dihall Hyaall (ailiadl
Gihh Ao linuatll e sae pal dald) asiell Play . adadlyy gsall G
A aas cherdid) el Gailiad £55 aa aed03 S all Aoy Clua
Glaslee of Gyl e glsil sac ) @kl o3 iy ahadl djlaa) 5yl CGlus
single-channel ) Jlal/ Lola/ 4énk g :(Li et al: 2013) G 385t 4y j)aa) 3508l
multi-) Lfg il 2aei 44,b 5 <(multi-channel method) <¥laal/ 2aei 44,5 ¢(method
Glaa 3l ol dylaaY) sl ge lly il aae Ja 4 W (angle method
«(stepwise retrieval method)  —oSall Cluall 28k ¢ ) i of (Say 3)hall day
GO Slasaa (35S g tlyall dass Ayl 508l 4l djidal Claall ik,
simultaneous retrieval of emissivity and LST with known ) 48 ma goall
Ol e A8 e Claslae (50 @ jidall luall 45yl 5 ((atmospheric information
.(simultaneous retrieval with unknown atmospheric information) (ssal)

SIS Ly LS c(pilisnn Cppo pghay Ailaill pally gyl ol Jolas et
Radiation ) & ad¥) 5a dauy e (sl aseddl Voogt et Oke (2003) (sl
Clyiiall ailas 3 () e (e Cunial) g la sy J3a) Levie (Temperature
B Aaus o U asgiad) W Laha a8 ) Planck o5 Gl e 3yl
L 0 e g LYl 8)ha o 5040 Laxie (Land Surface Temperature) geacd)
e hall Ao Gl Adae a3 a5 - o)) land Aol syailly gonl) D)

443



Landsat=7 e dphall jseall alasinly sl 5 dayd 385 Gund

o) e syt Alka claglea o Jpaanl) (e & L Y diliaill suall
888 Ciela L (e Ao siie AplSe lBayg cAaly Cilabise (358 3)hall dapn g)58 o
Dl alatily ) Bla A Gl g a4l (e ) Ciall 1aa
.Landsat-7 (e dsladl)

sdagl) ACiia

Siad L Adaall ciluhall 8 5,0l e g sall (e dphall saall aladind Ji L
ol aladiuls mhadl Blha das Claa gaaage byl ) Eigad) Qe G e
ol g eyl 8)ha il Ja Aggund) )hall da ) asgie maag ) kD ol diladl)
Logiad Jslae cadlial ) Blas (paseiall 00 Gn Jasal pgall (g 4 caland) 85a
Labdd) phall dan Claa e G LS Lg)aT den (e el LS5 dign (e
Ay allaly Loy cdpliadll 5)suall 41ad)ll dadleall o dilise Gligise eha) ) g las
Aaldll B llaall e S 23e yd G e

)

e ol B A Clual Angiall clpladll s PLA (e Candl) 13 Duaal 35
Uranye Sy (55Ul o puimsally Al a6 lgaaa i iy ) Afiliadl] el
Jlad) & el 301K0 38 aad Landsat-7 Hsee of LS clabal) e g sill 13a Jid
Nlae (peativedl aliall Al Gl (e a5 (gAY HLAYL A3adl o)l

) rdand) Caan

JSh dphall Hsuall Leadsi Al dagleall (jsaniae mua s Joa dial o) adly
il yrdially o) 3)ha Jagys ) Al asalaall e g gzl glus DA e ale
Landsat-7 s alaiiul sl 5 Aays Gluad dmgie Gl sy iyl

:Algaly Ciad) mgde

slyall Aol Ayl aalad) 755 o L) daasl) i) ) Caal) i
apad 8 dglaiia) 3Abkl alasiu) e Sl dphall Heall e ds )
oaibad e Gl adie) LS Lmhaad) 3ylpa dapn ol Laiid) Lngiall ol sladl
Ladall el 3 (260 5 230) dslSall A3l <3 Landsat-7 eliall el Hsa
lghall oda Sl 4dS (8 Il e dphadls dpulSa)

444



Juld Al Lo 2019 —J V1 22adl =35 alaall — Gued drels dlaa

aladiul (Land Surface Temperature) gdawd) 3 5a 4a)s Glua Lagie
) :Landsat-7 _sa

&) cLandsat-7 eliall il Lelal (e syl ) 45laill dagal) 023 oa
el @hall dlae @llin 3] iae duishey 4lSe ailiad dlhid lgasdy ) ) gual
il il o lggle Jpemall 5 Al dplall seall (i (60) b Al 62
Landsat-7 adll jailad aal (1) dsaadl cpn

Gy Landsat-7 seal (g)hal) Jlaad) alasiuly (LST) gdandl 8ylya daps Sl
HEEN PRI

(Radiometric Calibration) dlall jsall 4y 5a gl splaall (1

o Ble s dphall Hpaall 41 Aallad) b Gagall sladll e Alayall o3n 38
vie el o3 eha) Luaal 5 Aeled) b ) obal) Jladll (B Lasel) adll Jypad
Adiial) G ltY) ol Gl b 1 el il 8 Al bl plasi
Jdal oo Adlite Aplin Chaldia (0 jgea g Jaladll die Lyl Ay jum Alsjall 038 (45854
tOfish (385 ddaall 03 (923 B3390 Ayfiay L o Jsuanl

g i a8 Y (Digital Numbres)DN aaad )l slacY) Jysas 1 A1 Beladl) (1.1
Salaall COlabas aladinl) jie j= il 2ie wddl (Spectral  Radiance) (k)
(1) Abaleadl i (2) sl b A ally Aeadivaall A gjlyal) Y Laally Aalal)
:(Landsat handbook)

L= a(DN)+p

23

W/(m2.sr.um)de iy saaldh jpiall pe gudal A8l adall gl i LA

@hall Jaall Lalall jadall 3 plae cOlles :B 5 00

o Al aaill alasiuly (gyal Ay adal) g ledY) ol Glas Uayl S0 LS
:(Chander and Markham,2003) (2) aleall A (e 4yhall Y el cilile

_ Lyaxa—Lmina _
L= (QCALMAX—QCALMIN) X (QCAL — QCALyn) + Luin 2

1)
W/(m2.sr.um) daelely) saalslly jadall e usall adall o LSy LA
.‘E:\H\ &M:jd w\ :‘:\.A;\SX‘ :LMAX

445



Landsat=7 e dphall jseall alasinly sl 5 dayd 385 Gund

sl & LD Lgall el Ly
(255 058 isac) SSY1 oyl aaall :QCALwax
(1 0583 Gisas) Jia) )l a2all :QCALwiy
el 8]l 231l :QCAL
Landsat-7 ETM+ _aill iudallg 4318al) Gailadd) : (1) Jgaad)

(p) il 481 | (SagSsa) (ol Jiaall 520 skl Jlaal
30 0.52-0.45 &N B(1)
30 0.60-0.52 =3y G(2)
30 0.69- 0.63 SaYIR(3)
30 0.90-0.76 il jeadl a3 NIR(4)
30 1.75-1.55 Lusidll esdl s MIR(S)
60 12.6-10.4 ol TIR(6)
30 2.32-2.08 Lo giall jead1 a3 MIR (7)
15 0.90-0.52 iles <l PAN(S)

www.landsathandbook.gsfc.nasa.gov : jaaall
Landsat-7 ETM+ jadl) 3 gl Jlaally Laldd) §plaal) cdlalaa : (2) Jgaad)

12.65 (H), 17.04 (L)  LMAX,

3.20 (H), 0.0 (L) ‘b = LMIN,

0.0370588 (H), 0.0668235 (L) |  :a=(LMAX;- LMIN,)/QCALMAX
666.09 S (s 50 K1

1282.71 : (W/(m2.sr.um)) K2

www.landsathandbook.gsfc.nasa.gov : jaadl

B Aapd ol Al af ) Lkl g el a8 Jisas dAED 3gladl) (2.1
G Bylaall Alaad dphall Culdll e alaeVl el s5ius vic (°C) g L)
:(Chander and Markham,2003) (3) 4lalxal)
Tsar = —me— — 273.15
1n< )

a-l'l

446


http://www.landsathandbook.gsfc.nasa.gov/
http://www.landsathandbook.gsfc.nasa.gov/

Juld Al Lo 2019 —J V1 22adl =35 alaall — Gued drels dlaa

23

(asie danpd) sl & A1) 35 ) ) 130l o et 8l Ao 1T sar

(AN An)a) Aghaldl Bplaal) s :K2

W/(m2.sr.um) dae i) sasl6lly )0 adl 3 pleall culi 1K1

W/(m2.sr.um) due i) saally jaial je Gudall adall g laiy) (LA

Y el all g byl s)ha dap O ) Chander and al., (2009) jsialdl Ll
s sl punS a1 s o dga e 205 LY trlad) glyal Adadl) dapall i
Al gyhall oda e )il dga (s o] Jalad () 4l Aplaal) 50l dad <8 &
sad) bl 1) sy Aladll mhad) Bylya Ay (Ao duand Sy L gpad) A
Lo 1aay ¢odand) saUad dplaay) syl olueally 3891 Wy ¢ Y g ledy) e
AV daball & ad) @bl o5a

:(Radiance Correction) 4xclady) adll paaiali (2

(e anae e lad) b ) (AY) Aspall (e Zela 8wl Jysat Alee oag
tofishi (38l Aplaa) 5yally geall Gl gyl

(Atmospheric Correction) : g el zeauadll : d6¥) 5ghadl) (1.2

sl A3y Lppasa sslad glyal) Jlaall 8 spall Ll il A das
(10,40-12,50 pm) ohall Jlaall (e ehall 138 o ans Aphall cilabyall 3 dgladl)
Jang s Slaga Gl oyl 3T V) oonll GO 550 e Ji 3 Lpnd) Mgl (pam oy
g e Cnid) g ladY) e Gl ety Y (Lsar) mdsall dandsy Jale (53 g laiy)
(e ojluna DA g b2y Ll (apay ) DRI (e 203al) ani - (Lsureace) oY)
iy o) LY (1) JSa) Lealang LS goall sad) s adall 1) Youas g2 ))
upwelling ) aeliall goall goha il cawny o diall olail cdga a (g9all LS
dgn (re sall DA e day A ¢ i) U, «(radiance of the atmosphere
downwelling ) sbadl g laiy) 5 Q3L gpall g shaiad) ansy (V) olaily (558l
& MF O Sy Adlia) daslee JSU ¢(radiance of the atmosphere or sky radiance
.(Radiance at sensor) yaiiall (gsine die Jawsall g iy dad

G G (e Crmiall g Lty (e s gyl GO paia o S LS
Aee Os - Jassall L) Aad (8 gl () (5352 g3y liad) Alall 4l S
ehpenll cant Aa sV 8 goall GO 550 (e Aiaggall 58 lal) Lo soad) (aliaial]

447




Landsat=7 e dphall jseall alasinly sl 5 dayd 385 Gund

NPT ‘1(atmospheric transmission) (gsa) <aOall 0\ Aajn hadifi g ¢ag)hal)
IS Lmimy ¥ gyl gsband) (Y Al g i) 5yl Aad 8 Gali Lgie iy
& Jaud) i) & el masal ciay @A (Bonn and Rochon, 1992) Jwls
Gy o) 5 Aad iliaa e 0y5ny GuSaiy A tgpadl (DN Ll (e el

:(Barsi et al., 2003) (4) 4Dl
Lsar —Lup

Lsyr = tLsyrrace + Lup = Lsyrrace = z

1)

adiall (8 Jansall k) & lalY) tLgar

sl Ll e Tas oa)y) s (e Sl ¢ Ll tLgyreac
e lall geal) t}u‘ :Lup

NPT R EL RN

Lup Lsar

LDOWN\\

LsuRFAcE

€

? il sladly (a1 (e Gl plady) o gsall cdl) il o(1) Jed

LAkl daiy) e dag yae 3280 i) e ALY e sl GO e Aayy pad 1
Sl araal (0 -2

448



Juld Al Lo 2019 —J V1 22adl =35 alaall — Gued drels dlaa

@Dl 1pdie sana () gl maaaill Adee 8 Lagee dadiiua) @bkl o
Y aaaid bl shgal e Ala il luldll o s A 6yl
Apladll jseall lily o adiad Al 5yiladl e @ihhlls doalie (z3l) Do
Laliall @ sall e EBAAS aadid S edpha Ve e (gl Al

sl hal fialy Uy Yisa aums o3 Landsat—7 aill yea ) il
sl g shadly (gsadl GO Adliy Gla) dald A clelas JLanl gsal)
el 8 Jadll el ¢ e i) masaad Aalas (A (DU g9al) & ghaudly caclall
p32a iy Sy (V) el 8 Lggle Jgamall a5l g ladY) a8 alasily
gyl e alkieYl (MODTRAN) die ¢ e lady) Jyoatl) #3la yue cDlaladll
Al 31l (NASA) 4S55aY) Slaill Cisad) 385 j3da Al Ailadl) ciljheal) 4]
«Atmospheric  Correction (gsal) rusaail) Jalas cula 1 e 2d (goall manaill
S Landsat saal dysall cdllaall lua Jiguss Jaf (e Parameter Calculators
JAN Y (DAt (e 4l Ly 313Y) o (2) JSll mlng aaly Uyha Yiae gl
Al S gl el haall LAY dants Ledyliy §yseall s o Glaslea
LeS oy Aapnall V) Ll 5 gl 130 Ay oY L) sl el (e iy
b o Alain ol Lggle dain ) Aplaal) dsall bl Ao s lsal callay
Ashaly egsal) Tanally yhall cilays @lily ady Lo bl Juad 3 ) caral
Dbl G patisall ) g5 aaa3 e Shad idaigiall ddhaal) (g pall (o3 danal
Bhall dayns crhandl g ) (e 385 Clasles (glial JS& Jla) (Says -Landsat
Al dyshly ¢ goad) Janally

449



Landsat=7 e dphall jseall alasinly sl 5 dayd 385 Gund
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GMT Hour: Minute:
Latitude: Longitude:
4+ is North, - is South +is East, - is West

Use atmospheric profile for closest integer lat/long heio
Use interpolated atmospheric profile for given lat/long heip

=0

Use mid-latitude summer standard atmosphere for upper atmospheric profile heip
Use mid-latitude winter standard atmosphere for upper atmospheric profile hep

®0

Use Landsat-7 Band 6 spectral response curve
Use Landsat-5 Band 6 spectral response curve

Output only atmospheric profile, do not calculate effective radiances

0O0®

Optional: Surface Conditions

{f you do not enter surface ions, mode! i surface i will be used.
If you do enter surface ions, all four ions must be entered.}
Altitude (km): Pressure (mb):
Temperature (C): Relative Humidity (%):

Results will be sent to the following address:
Email:

e Y
|_Calculate )

F erem————
| Clear Fields |
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