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Learning Objectives

T1 apopd 1 00pLPOPIKT] THAETIGKOTNGT 6TO Bepkd vVTEPLOPO?
[Towot vopor v meptypa@ovv;

[Towd n JSwpopd petald g OBepuokpaciog AOY® TNG KIVNTIKNG
evépyewng (kinetic temperature) kot tng Oepuokpaciog axtvoPoriog
(radiant temperature);

[Tog cvvdéetal 0 cuvTeELESTNC BEPUIKNG EKTOUTIG LE TN 00PLPOPIKN
TNAETIOKOTNON 670 Oepikd vVTEPLOpo;

ITod ta avaykoio Pruata ywoo v eneCepyocio piog 60pLOOPIKNS
eKovog ot1o Bepkod vépuopo;

ITog vroroyiletonr M em@avelakn Oepuokpocio 6APOVE Kol oo M
(PLOIKT TNG oNUOCIOG;

[Toeg epappoyéc vrootnpiloval;
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Ewcayoyikd onpeio

1.H eocwotepikn evépyelo (AOyom wwvntikng evépyeloc) (internal Kinetic heat) &vog
OVTIKEINEVOVL NETOTPENETOL OE EVEPYELD akTIvOPoriog (radiant energy 1 external 1
apparent energy).

2.H mocétta pong aktvoPoriog mov ekméumeror amd £vo GOUO, GLVOEETAL UE TNV
Oepuoxpacio aktivoBoriag (7,,.)-

3. Awamotdveton 1oyvp1 cvoyétion petadd g npaypatikng (Kinetic) Oepuoxpaciog tov
ocmuaTog Kot tng Bepuokpaciog aktivoforiog.

Avt givar | Baon Yo T 00pVPOPIKN THAETIGKOTTNON 6T0 OEpIKO VTEPLOpO.



Oumg n oyéon mov OUOPPOVETOL OV €lvarl akpiPng, Ue T
Oepuoxkpacio aktivoPfoiiog va givor Alyo pukpdtepn omd TNV
mpayuatiky)  Oepuokpacic tov  ocoupotog (true  kinetic
temperature).

H owpopd avty ogeiletonr otnv 1010TNTO. TNG EKTOUTNG

(emissivi



Radiation of real Materials

Emissivity depends on wavelength, surface temperature, and some physical Blackbody
properties of the surface, e.g. water content, or density. ‘ \/‘
Selactive radiator
Material Average Emissivity ;:"
over 8-14 ym y Grayhudy

Clear water 0.98 - 0.99 E

Healthy green vegetation | 0.96 - 0.99 '5

Dry vegetation 0.88-0.94 =

Asphaltic concrete 0.94 -0.97 § %

Basaltic rock 0.92-0.96 § iE

Granitic rock 0.83-0.87 ; : ‘,

Dry mineral soil 0.92-0.96 > 5 Af:“' e
Polished metals 0.06 - 0.21 2 !

Wavelength —-»



Emissivity

j — sand loam
: - - - urban
O barren desert

W # -~ ~ broadleaf

grass land
- wet land
ocean water
- - - - fresh snow

S —
6 7 8 2 10 11 12 13
Wavelength (um)

14

Source: Tang and Li, 2008
Remote Sensing of Environment



Basic classes:

1.Continuous urban fabric: Housing.
Mean impervious value> 80%.

2.Non continuous urban fabric:
Housing over 20%, open space,
private gardens, disperse vegetation.
Mean impervious value: 10- 80%.

3.Industrial-Commerical-Public
Buildings: artificial surfaces (cement,
asphalt, etc.).

4.Urban green: mostly parks

Source: Remote Sensing Unit, Univ
of Athens

Continuous Urban
fabric (S.L. > 80%)

Discontinuous Dense
Urban Fabric (S.L.:
50% - 80%)
Discontinuous Medium
Density Urban Fabric
(S.L.: 30% - 50%)
Discontinuous Low
Density Urban Fabric
(S.L.: 10% - 30%)
Discontinuous very low
density urban fabric
(S.L < 10%)

Isolated Structures

Industrial, commercial,
public, military and
private units

Fast transit roads and
associated land

Other roads and
associated land

Railways and
assoclated land

Port areas
Airports

Mineral extraction and
dump sites

Construction sites

Land without current
use

Green urban areas
Sports and leisure
facilities

Agricultural Areas

Forests and semi-
natural areas



Planck blackbody equation:
describes the EM radiation emitted from a blackbody at a certain wavelength as a
function of its absolute temperature

30 T T T T | T T T T | T T T T T T T T T T T T

21thce’
BA,T)= A5 (ehe/04D

20

_1)

T=30K

Radiance {W/mz/,um)

10

Ey(T)
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The distribution of energy from o blackbody at 7OF.

http://tes.asu.edu/MARS SURVEYOR/MGSTES/TES emissivity.html



http://tes.asu.edu/MARS_SURVEYOR/MGSTES/TES_emissivity.html
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Planck equation for blackbody radiance

- radiance temperature Ty = Tg
(brightness temperature)




Stefan-Bolzman Law for natural object:

Ty the kinetic temperature



Spectral Radiant Exitance M, (Wm? um')
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H évvola tov xupiapyov unkovg kouatog (dominant wavelength)

[apéyer mAnpoopieg ava@opkd pe To Tunua ekeivo Tov Bepuikod vrepubpov to
01010 ype1dletor vo 0E0TOMGOVLE.

o mapdderyua, av eetdlovue pio dacwk” mopkayld tov 800 K pne kvpiapyo
UIMKOS KUNOTOG TEPimov 3.62 pm, TOTE N PUOUUTIKI] TEPLOYY] AVAPOPAS Elvar
3-5 pm.

Av evdapepduoote yoo oteped €0apog ue OBeppoxpacio mepimov 300 ‘K kou
Kuplapyo uKog kKopatog 9.66 pm, tote evocikvoton | meproyn 8-14 um.



Kirchhoff’s radiation law

Xoupova pe to vopo tov Kirchoff yw éva uéhav copa: o, = €,

Apa 1=1 + o) +1

l=r, +¢ +1,
Ouw¢ yio ta TepLocoTEPU 6TEPER cOUATA T) = 0
Apa: 1=r +¢,
OV GNUAIVEL 0TL 0G0 PEYOAVTEPT 1] TP TNS AVUKAUOGTIKOTNTOS EVOG

OVTIKELREVOV TOGO MIKPOTEPT 1| TLUT] TOV GUVTEAECTI] EKTOUTNG KL
avVTIoTPOQU.



O cVVTEAEGTNG EKTTOUTNG EVOS GOUATOC EEOPTATOL OTO TOVS EENG TOPAYOVTEG:
“Xpouo

* TPOYVTNTO EMPAVELDS (TpayEio > Aein)

smtepreyOUEV VYPOGia. (VYPO £0aPOg > ENPO £J0POC)
«ficld-of-view/resolution

* UNKOC KOUOITOG



Apparent Reflectance

10.0

Vis & MNear IR Spectral Signatures
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20YKPLGT] QUCUATIKOYV TEPLOY DV

More adequate for smoke detection than 3.9 um
Near infrared (1.6 pm) Small fires not visible

No CO2 absorption (higher fire temperature)

High sub pixel sensitivity

High temperature sensitivity - major sub pixel effects (hot
spots are easily detected)

Middle infrared (3.9 um) Negligible absorption by atmospheric humidity
Close to a CO2 absorption band, 4-7 Kelvin signal reduction
Brightness is temperature of the CO2 layer above the fire

1-2 Kelvin absorption by atmospheric humidity
No signal reduction by CO2
Thermal infrared (10.8 pm) Lower temperature sensitivity (small subpixel effects)
No risk of sensor blinding by fires
Low values compared with 3.9 um due to semi transparent
cloud or smoke



YTTOAOYIOMOC ETTIPAVEIOKNC
Oepuokpaaciag edAPOUC
(land surface temperature - LST)
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BrAua 2. MNpoodiopiocuédég LU/LC

N i,
* “h.lh}’_}\

O Zones mm Urban land in 2010
B Urban land in 1989 mm Other land
1 Urban land in 2000

= Sewdy area
3 Beijing metropolitan area

The spatial distribution of urban land in Beijing during 1989-2010.



Left to right: Land cover, satellite image in the visible, thermal image



Biua 3. Emioyn TV katdiiniov A.L (yopog — ypovog)
120m resolutlon 1.1 km resolution

Source: processing by C.Cartalis



Bina 4. Emioyn T0v KOTAAANA0D 60pLPOPOL — ZVVOVAGUOS OEOOUEVOV

LST

¥ ¥

Spatial resolution Spatial resolation

& 1km) ( <120m)

(Stathopoulow et ai., 2009}

ETM+ ASTER




Bipa 5. Ilow opa t™c nuépac;
- : “&\ v."_. § Dok ;

Surface temperature (deg C)

) [~ FISTI ‘ Surface temperature (deg C)
u%g i-13 1 n% <=1
131-15 y, B11,1-13
2 5 1511 -17 X . Ei13,1-15
-1 J15,1-17
g BH17,1-19
M- -2
-3 -2

22:32 local time 10:30 local time

Source: processing by C. Cartalis



Bnpa 6. Ilowa mepiodo Tov £T0VG;

January/August night
comparison

Black=cloud

Might-time ASTER
B o7 s images

Source: The Hong Kong Polytechnic University



Bipa 7. Metatpomn kot avaktion (convert and retrieve)

|7 Thermal channels DNs

Conversion to radiance

Conversion to brightness temperature

|
l L

Atmospheric correction Emissivity correction

LST retrieval

Overall LST accuracy: £ 2 Kelvin



|l

MODIS

Landsat-8 OLI

Landsat-8 TIRS

Radiometric
calibration

A 4

Geometric Atmnsph.enc
correction correction
v v v
Water vapor NDVI Land
content calculation classification
v I |
Transmittance .
of atmosphere
estimation Land Surface Emissivity determination

Brightness
temperature
computing

The SWA for Landsat-8

v

Retrieved LST




Avaktnon LST an6 Landsat TM

L=0.0056322x DN +0.1238

L
P In((K, 1 L)+1)

where Tj is the brightness temperature in Kelvin, L is spectral radiance; K and K> are the calibration
constants in m-W-em™-sepm™ (K = 60.776, K2= 1260.5).

_ Ty
I+(hxT, /p)ing
hxe
Pe——
a
where & i1s the wavelength of emitted radiance (A = 11.5 pm), ¢ is the Boltzmann constant
(1.38 x 107 J/K), and h is the Planck’s constant (6.626 x 107 Js), C is the velocity of light

(2.998 x 10° m/s).



Avaktnon LST ano Moderate Resolution Imaging
Spectroradiometer (MODIS) (Aqua-Terra)

MODIS has a 36 spectral band spectrometer; its thermal infrared (TIR) bands are
used for LST retrieval. The methodology used for the calculation of the LST maps is
based on the Split Window Technique (SWT). Using the SWT, LST is calculated as (T5),
(Jiménez-Muiioz et al., 2008):

Ts (land surface temperature) =Ti +cl (Ti —Tj) +c2 (Ti —Tj) 2 + c0 + (c3 + c4*W) (1 —
€) + (c5 + c6*W) Ae where:

Ti and Tj : at-sensor brightness temperatures at the SW bands i and j (in Kelvin)

e: the mean emissivity, e = 0.5(¢i + gj),

Ae: the emissivity difference, Ae = (i — gj),

W is the total atmospheric water vapor content (in grams per square centimeter),

c0—c6.: the SWT coefficients

In the case of the MODIS sensors 1 and j are bands 31 and 32, at 10.780—11.280 pum and
11.770-12.270 um respectively.



AATSR data

AATSR

VIR and NIR

Emissivity

TR [

Total atmospheric
water vapor content

Atmospheric
transmittance

Source: Tangtang Zhang et al., 2008

W

LST




DOWNSCALING

One of the techniques to be used in order to improve the spatial resolution of satellite images

relates to the use of LSTs or emissivities (PBIM -pixel block intensity modulation, Guo and
Moore, 1998; Stathopoulou and Cartalis, 2007):

E X 27 /7 /16 27,7716
T sentinelz30 i sentinel2, 3 00 0 T:andsat 30 /Tlandsa t.30—-1000

T iiines830 = T et 2000 * Tlandsas.30/ Elandsas.30-+2000

/

sentinel330 Corrected image high spatial resolution

T sentinei3000 Initial image of low spatial resolution

27/7/16
T! andsat,30

Initial value of high spatial resolution (LANDSAT)
27/7/16
landsat,30-1000 Mean LST for an area corresponding to the area of Sentinel — 3 (LANDSAT)

Elandsat,30 Emissivity for an image of high spatial resolution (LANDSAT)

Elandsat 30-+1000 Mean emissivity for an area corresponding to the area of Sentinel 3
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Courtesy. National Observatory of Athens
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Link LST to air temperature

Important to simulate energy fluxes. But be careful: local
applicability

Apmeddrnmol 19 Tagn

i0 15 20 15 o 5 0 45 50

Surface T (°C)

Source: Agathangelidis and Cartalis, 2016



Climate
Dynamics

E—

Information from Sentinel-3A’s radiometer, which measures radiation emitted from Earth’s
surface, reveal how the temperature of Earth’s land changes between July and November
2016. Measurements are in Kelvin.



Land surface
temperature
dynamics

North

55

50

05

35

Land Surface Temperature from Sentinel-32

15 L8] L a0
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M 6 days hotspot [] 4 days hotspot [l 5 days coldspot
[l 5 days hotspot [ |4 days coldspot [l 6 days coldspot
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Support of Urban Resilience and Climate Adaptability Plans
(Land surface emissivity (left) and Land Surface Temperature (right)

Jrich 098

Miow 03




Long term trends in LST for land surface dynamics

Geometrlc and
radiometric correction [ Corine Land Cover data
. § z
Cloud mask ] [ Geolocation
. 9
 §
Maps of emlss:Vlty () and
{ Precipitable water H Split Window Algorlthm H changes in emissivity (Ag) from }
land cover data
Land Surface

l Temperature (LST)

IST(2015) — LST(1995)
LSTtrend(%) = LST(1995) 100




Cloud mask

NOAA9,11,14,16
AVHRR DATA
NO

!

TEST1
Thermal Infrared

T12um<290K
“”I' YES

NO

\’

TEST2 YES
Albedo or visible —
RO.6um=30%
|

NO

y

l CLOUD-FREE ]

NOAA-19(2014-12 UTC)

cLoupy ]

l

[ CLOUD-MASK ]




CORINE LAND COVER

R

Extraction of €

and change of
g, depending on

land cover
Area Ae E
Urban -0.007 0.97
Semi-urban -0.003 0.98
Rural 0 0.989

2012 Lol =




SPLIT WINDOW ALGORITHM

T =051+ T4+ (Ta+Ts)+ 0.58(T4 — Ts)*+a(l — &) — bAe

T, = brightness temperature channel 4
Ts = brightness temperature channel 5
€ = mean spectral emissivity for channels 4 and 5

Precipitable Land surface FEAEEIE gl
water ‘temperature July ‘ 1669
J | ]
a,B a = (0.190- PW — 0.103)T4, — 67 - PW + 107
V4

B = (0.100 - PW — 1.118)T, — 68 - PW + 163
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Center of Athens
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Landscape change — from natural to built

o

O Airport since 2001. Previously agricultural/rural areas




Landscape change — from natural to built

1990

2000
YEAR

¢

¢
‘ 00

e
¢ &

2010
S

2020

y=0.3568x - 387.41

¢ Data

Mean value 328.320K
Trend 2.1%
Increase 6.8K




Mountainous area

Lo i SR e
’ o e LIS ) Forested from 1990 to 2007

Q Devastating fire — July 2007
O Reforestation > 2007




Mountainous area

s y=0.5051x - 699.61
¢ Data

4

g,

1990 2000 2010 2020
YEARS




Nature reserve (Natura 2000 network)

2006
R

O Forested area throughout the study period

- Google;,—.‘




Nature reserve (Natura 2000 network)

y=0.049% + 203.95

# Data

1990 200§gapd0l0 2020



H onuoacio e yoptknc o1oKpiTikng tkovOTnToC

(Kot TOV GLVOLAGLOD PACUOTIKAOV TEPLOYDV)



CLASSIFICATION LANDSAT - 8 IMAGE

YMoOMvnua

Classification Landsat 8

See
Seecoast
Urban
Suburban
Roads
Vegetation
Lamnd

=l

Source for Slides 71-79, Remote Sensing and
Image Processing Unit ,Univ. of Athens, 2017
(G. Giannakogiorgos)




CLASSIFICATION SENTINEL -2 IMAGE

Ynopvnua

Classification Sentinel 2
See

Seecoast
Vegetation
Dense wvegetation
Urban

Tile roofs
Industrial zone
Suburban

Roads
Agriculture
Barren land
Clouds

QL]




ACCURACY ASSESSMENT

Accuracy = (sum of elements of principal diagonal /

total number)

Landsat-8 68.73% Sentinel -2 73.82%




Landsat 8 Sentinel 2

I Urtan

I Kallmarmaro

~ Roads

I Columns of the Temple of Olympian Zeus
I Vegetation

NON HOMOGENEOUS AREAS

Ynopvnpa

Classification non homaogeneous Sentinel 2
Il Urban

[ Kallimarmaro

" Roads

I Columns of the Temple of Olympian Zeus
Il Vegetation




2uvTeAESTNG eKToumn g pe faon to dopveopo LANDSAT -8
(aprotepa) Kar to 60pvEOpo SENTINEL -2 (6€810) kor TV KGAvyn

e
Ynopvnua
LSE LANDSAT 8
Il 0.92 _
o092 Ynopvnua
B 0.93 ﬁ E;JE::INEL 2
i .o
I 0.54 092
1094 I 0.93
= —o
1 0.56 | 0.95
L1096 " 09
1097 1096
4 0.97
e [ 0.97
I 0.9 B 0.98
I 0.98 I 0.98
I 0.99

Il 0.99




Landsat 8 Sentinel 2

LSE: NON HOMOGENEOUS AREAS

. Ynopvnua
Ynopvnua LSE non homogeneous Sentinel 2
LSE non homogeneous Landsat 8 Il 0.920
I 0928 I 0.924
I 0.932 I 0.928
I 0.936 9 0.933
7 0.940 [ 0.937
094 [ 10942
T10.947 [ 10.946
10951 [ 10.951
10.955 [ 10.955
10959 (3 0.959
" 10.963 [ 0.964
7 0.966 I 0.968
1 0.970 I 0.973
I 0.974 Bl 0.977
I 0.978 Il 0.982

I 0.981



Emooaveiokn) Ocppokpacio €00.9ovg otdo LANDSAT — 8 (aprotepa) Kot
SENTINEL - 2 (6&&14)

Ynopvnua
LST LANDSAT 8 Yne a
I 298.48 i
B 299.72 LST SENTINEL 2
[ 300.96 W 298.48
[ 302.20 I 239.69
[ 303.43 B 30091
[ ]304.67 B 30214
[1305.91 [0 303.36
[ 130715 [ 304,59
[~ 130839 [130581
[ 130962 307.04
(31086 SEEEEEEEER . | EerMRcgt o Al FTERS . e [T 308.26
[ 312.10 [T 309.49
I 313.34 310.71
B 314.57 B 31194
B 315.81 B 313.16
B 51439

. 31581




with land cover from Landsat 8 with land cover from Sentinel 2

LST: NON HOMOGENEOUS AREAS

Ynopvnua Ynopvnua
LST non homogeneous Landsat 8 LST non homogeneous Sentinel 2 - " g ’
B 303.84 i | ‘ﬁ |
B 304.42 ) ) mimnme: [ 30439 o =
I 305.00 3 e, e 3 B 305.06 = : b
305.59 : - R ¥y C 30573 , b
1 306.17 - ' . : 71 306.40 .
C 130675 ‘ o 1 307.06 F e + - r
[ ]307.33 ‘ B 50773 ‘ 4 . a -
T 1307.92 [ 1308.40 ' A A
. 1308.50 1309.07 Ry L,
. $

~1309.08 130073 "‘\ﬁ.ﬁf
71 309.67 B 31040 it
[ 310.25 B 311.07
= ;ig-i B 31174

- B 312.40
Il 312.00

Il 313.07



COMPARISON OF AIR TEMPERATURE AS EXTRACTED FROM LST

Ta=1.2104Ts - 17.676)
( Stathopoulou and Cartalis, 2005)

1 25,3 24,6 26,1 -0,8
2 24,4 24,6 -0,2 24,7 -0,3
3 25 24,5 0,5 24,4 0,6
4 25,7 25,2 0,5 24,6 1,1
5 25 24,6 0,4 26,5 -1,5
6 22,7 21,2 1,5 19,9 2,8
7 24,4 24,7 -0,3 25,4 =1

8 24,3 24,4 -0,1 25,4 =,
9 24,9 23,9 1 23,9 1

10 25,2 24,8 0,4 24,5 0,7
11 23,8 23,5 0,3 25,2 -1,4
12 24,2 25,1 -0,9 25,6 -1,4
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