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LATE AFTERNOON TEMPERATURE

Mestsky ostrov tepla
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Mestsky ostrov tepla

Teplota povrchu a teplota vzduchu )
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Termalny dialkovy prieskum Zeme

MWIR (3 -8 um)
termalne infraCervené Ziarenie (TIR) <

LWIR (8 =15 um)
rozliSenie S ERIE! snimania
NOOA /| AVHRR 1 km 12 hod. 1970
SMS | GOES 4 km 3 hod. 1974
Meteosat | MVIRI, SEVIRI 3 km 15 min. 1977
Terra, Aqua /| MODIS 1 km 12 hod. 2000
NPP |/ VIIRS 375 m /750 m 1 den 2012
ERS, Envisat /| ATSR, AATSR 1 km 7-14 dni 1991
Sentinel-3A/ SLSTR 1 km 1-2 dni 2016
Landsat /| MSS, TM, ETM+, TIRS 100 m 16 dni 1978
Terra | ASTER 90 m 16 dni 2000

KARTOGRAFICKA KONFERENCIA, 20.-21.10.2016, Bratislava




ldentifikacia SUHI v Bratislave

4 scény Landsat 7 + 12 scén Landsat 8 z rokov 2011 az 2015
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Vypocet LST z termalnych snimok

EMR (Electromagnetic Radiation) —* LST (Land Surface Temperature)

Single Channel metdédy - 1 termalne pasmo (Landsat TM, ETM+, ...)
Split Window metddy — dve a viac termalnych pasiem (Landsat TIRS, MODIS, ...)
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Vypocet LST z termalnych snimok

EMR (Electromagnetic Radiation) —* LST (Land Surface Temperature)

Single Channel metdédy - 1 termalne pasmo (Landsat TM, ETM+, ...)
Split Window metddy — dve a viac termalnych pasiem (Landsat TIRS, MODIS, ...)

inverzia RTE (Radiative Transfer Equation): inverzia Planckovho zakona:
2hc’ C,
Lyoa=1€ By +Ly+1(1—¢)L, Bp=—"—" ™ Ts= C
.. . ) AS( AkTs_l) Aln|——+1
Lroa Ziarenie zachytené senzorom (top-of-atmosphere) € X By,
B, Ziarenie Cierneho telesa s povrchovou teplotou T

.. . ) . : h Planckova konstanta
Ziarenie atmosféry (upwelling radiance)

c

L
e : ) . . C rychlost svetla
L, spatné Ziarenie atmosféry (dowwelling radiance) y

L : : ) k Boltzmannova konstanta
T  transmisivita (priepustnost) atmosféry

o A vlnova dizka emitovaného Ziarenia
€ emisivita povrchu
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Vypocet LST z termalnych snimok

EMR (Electromagnetic Radiation) —* LST (Land Surface Temperature)

Single Channel metdédy - 1 termalne pasmo (Landsat TM, ETM+, ...)
Split Window metddy — dve a viac termalnych pasiem (Landsat TIRS, MODIS, ...) )

Artis a Carnahan (1982): vSeobecna rovnica:
T,= Ly Ts:ao"'z a;T;
AT,
1+ Ine _ ) . )
G, T, jasova teplota dvoch blizkych kanalov

T, jasova teplota (brightness temperature)

hc
C2: ?

Yu et al. (2014) — RTE metdda s pasmom B10 z Landsat 8 - RMSE < 1K
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Atmosféerické korekcie

Atmospheric Correction Parameter Calculator (Barsi et al., 2005)

Year: | 2013 Month: 7 Day: | 29

http://atmcorr.gsfc.nasa.gov/ W —

Latitude: 4815 Longitude: 1712
-+ is North, - is South + is East, - is West
Use atmospheric profile for closest integer lat/long help
@® Use interpolated atmospheric profile for given lat/long help

@® Use mid-latitudse summer standard atmosphere for upper
atmospheric profile help

Use mid-latitude winter standard atmosphere for upper
atmospheric profile help

® Use Landsat-8 TIRS Band 10 spectral response curve
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

Optional: Surface Conditions
(If you do not enter surface conditions, model predicted surface conditions will be used.
If you do enter surface conditions, all four conditions must be entered.)

Altitude (km): Pressure (mb):

Temperature (C): Relative Humidity (%):

Results will be sent to the following address:
Email:

Calculate

Clear Fields
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Atmosféerické korekcie

Atmospheric Correction Parameter Calculator (Barsi et al., 2005)

?atet({qgﬂ-_mm-t‘jd): 201&31;!0;53,-9’ 17.120
http://atmcorr.gsfc.nasa.gov/ @i ™ o i

L8 TIRS Band 10 Spectral Response Curve
Mid-latitude summer standard atmosphere
User input surface conditions

Surface altitude (km): -999, 000
Surface pressure (mb): -999, 000
Surface temperature (C): -999, 000

Surface relative humidity (%): -999, 000
Band average atmospheric transmission: 0.61

Effective bandpass upwelling radiance: 3.38 W/n™2/sr/um
Effective bandpass downwelling radiance: 5.25 W/m™2/sr/um

Atm Profiles for; 13.07.29 9:41 48.1500/17.120
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Korekcia emisivity

LSE (Land Surface Emissivity) — pomer medzi vyZarovanim Sedého telesa
a Cierneho telesa o rovnakej teplote (hodnoty od 0 do 1)

Cista voda 0.98-0.99
zelena veg. 0.96-0.99
sucha veg. 0.88-0.94
vlhka pdda 0.95-0.98

sucha poda 0.92-0.94
asfalt / beton  0.91-0.97

metody zalozené na krajinnej pokryvke
metody zalozené na NDVI
spektralne indexy nezavislé od teploty (TISI)

metddy separacie teploty a emisivity (TES)
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Jasova a povrchova teplota v Bratislave

BT .29.7.2013

LST 29.7.2013

Pezinok Pezinok

Bratislava IV Bratislava IV

Bratislava IIT Bratislava IIT

Bratislava I Bratislava I

Bratislava IT Bratislava IT

Jasova teplota (BT) Povrchova teplota (LST)

Bl 20 °C Bratislava V . Bl 20°C Bratislava V

30°C 30%C

40 °C 40 °C

50°C enec 50°C enec
Bl 60 °C Bl 60 °C
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Povrchova teplota v Bratislave

najvyssia povrchova teplota - strechy zavodu Volkswagen v Devinskej Novej Vsi (50-60°C)
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Povrchova teplota v Bratislave

vysoké povrchové teploty — strechy skladov, nakupnych centier (40-50°C)
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Povrchovy mestsky ostrov tepla v Bratislave

Intenzita SUHI - rozdiel medzi povrchovou teplotou v meste a v jeho ruralnom okoli

- priemerné teploty zastavaného Uzemia 20 obci v okoli Bratislavy
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Povrchovy mestsky ostrov tepla v Bratislave

Bratislava IV
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Povrchovy mestsky ostrov tepla v Bratislave
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Povrchovy mestsky ostrov tepla v Bratislave

%

Bratislava IV

:
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SUHI > 2 °C
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Urban Atlas 2012
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Vztah LST a krajinnej pokryvky

Priemerna povrchova teplota tried krajinnej pokryvky 3.7.2015

Kod Krajinna pokryvka LST [°C]
11100 Suvisla sidelna zastavba (zastavany povrch > 80%) 39.33
11210 Nesuvisla sideln& zastavba s vysokou hustotou (z.p. 50-80%) 37.11
11220 Nesuvisla sidelna zastavba so strednou hustotou (z.p. 30-50%) 34.58
11230 Nesuvisla sidelna zastavba s nizkou hustotou (z.p. 10-30%) 31.99
11240 Nesuvisla sidelna zastavba s velmi nizkou hustotou (z.p. < 10%) 32.04
12100 Priemyselné, obchodné, verejné, vojenské a sukromné arealy 38.73
12210 Dialnice, rychlostné cesty a prifahlé arealy 36.65
12400  Arealy letisk 40.42
14100 Arealy sidelnej vegetacie 33.62
14200 Arealy Sportu a zariadeni volného Casu 35.94
31000 Lesy 28.69
50000 Vodné plochy a toky 24.21
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Vztah LST a teploty vzduchu
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Katedra kartografie, geoinformatiky a DPZ

Univerzita Komenského v Bratislave, Prirodovedecka fakulta

Dakujem za pozornost !

stankova@fns.uniba.sk
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