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Land Surface Temperature (LST)

Single-channel methods:
Landsat Surface Temperature (ST) product

1. Radiative Transfer Equation (RTE) - Dash et al. (2001)
/ Landsat Collection 2 Level 2
L,=1eB,|Ts/+L}+t(1—¢|L;

2. Single-Channel Agorithm (SCA) - revised by Jiménez-Muiioz et al. (2009)

3. Mono-Window Algorithm (MWA) - Qin et al. (2001)

4. Statistical Mono-Window (SMW) - Sun et al. (2004)

Th 1 Google Earth Engine (GEE) code

LST=A,—+B,=+C,
& & Ermida et al. (2020)

5.

Split-window methods:

Temperature and Emissivity Separation (TES), Temperature Independent Spectral Index (TISI), ...
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Land Surface Temper

Single-channel methods:
1. Radiative Transfer Equation (RTE

L,=1eB,|Tg|+Lj+1(1—¢|L,
2. Single-Channel Agorithm (SCA) - |

3. Mono-Window Algorithm (MWA)

4. Statistical Mono-Window (SMW)

LsT=A2+B L4,
& &

5 ..
Split-window methods:

Temperature and Emissivity Separatiol
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Abstract: Land Surface Temperature (LST) is increasingly important for various studies assessing
land surface conditions, e.g., studies of urban climate, evapotranspiration, and vegetation stress.
The Landsat series of satellites have the potential to provide LST estimates at a high spatial resolution,
which is particularly appropriate for local or small-scale studies. Numerous studies have proposed
LST retrieval algorithms for the Landsat series, and some datasets are available online. However,
those datasets generally require the users to be able to handle large volumes of data. Google Earth
Engine (GEE) is an online platform created to allow remote sensing users to easily perform big
data analyses without increasing the demand for local computing resources. However, high spatial
resolution LST datasets are currently not available in GEE. Here we provide a code repository that
allows computing LSTs from Landsat 4, 5, 7, and 8 within GEE. The code may be used freely by users
for computing Landsat LST as part of any analysis within GEE.
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a body at temperature T to the
B, (T) radiance of a black body at the same
temperature

1. ASTER Global Emissivity Dataset (GED) v3

LST and LSE from ASTER 2000-2008 satellite scenes (all cloud-free pixels)

’E_E 110

— o A A )

= “<o " [WAvailable Data
e s [ONo Data
10°C 30°C 50°C 70°C  90°C  110°C 130°C 150°C 170°C

GeoKARTO 2024, September 5-6, 2024, Stara Lesna



CZECHIA

Land Surface Emissivity (LSE)

SLOVAKIA

Bratislava

1. ASTER Global Emissivity Dataset (GED) v3 AUSTRIA 3}

HUNGARY

. . RO
LST and LSE from ASTER 2000-2008 satellite scenes (all cloud-free pixels) o |
UA = Ukraine
o A LST (in K)
| M 320
110
| 290
....... ‘ “ 5 10 km
\ WV I -‘)‘ S 5 " M Available Data _
el BONCUESS o S VDS CINo Data
187 160°W 180°W 120°W 100°W 0%V G0°W 40°W 20°W 0°10°C 30°C  SC°C J0°C S0FC 110°C 130°C 1S0°C  170°T

GeoKARTO 2024, September 5-6, 2024, Stara Lesna




Land Surface Emissivity (LSE)

1. ASTER Global Emissivity Dataset (GED) v3
LST and LSE from ASTER 2000-2008 satellite scenes (all cloud-free pixels)

2. Classification-Based Emissivity Methods (CBEM) - Snyder et al. (1998)

3. NDVI-Based Emissivity Methods (NBEM) - Sobrino and Raissouni (2000), Sobrino et al. (2004)

NDVI-threshold method (NDVITHV) Simplified NDVI-threshold method (SNDVITHM)
=0, Ppepth; E=¢g NDVI<NDVI Bare soil
e=¢,FVC+¢,[1-FVC|+C, e=e;,FVC+(e,— &) FVC NDVI<NDVI>NDVI,, Mixed
e=¢,+C, E=Ey NDVI>NDVI,, Vegetation

£, €, - emissivity of soil and vegetation NDVI,, NDVI,, - threshold values for soil and vegetation
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Land Surface Emissivity (LSE)

1. ASTER Global Emissivity Dataset (GED) v3
LST and LSE from ASTER 2000-2008 satellite scenes (all cloud-free pixels)

2. Classification-Based Emissivity Methods (CBEM) RTE method, SMW method

3. NDVI-Based Emissivity Methods (NBEM) /
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GEE code

Google EarthEngine  Q  Landsat

901 Docs Assets LST_RTE_NDVI_add * Get Link 'l Save '- Run 'I Reset ' Inspector [SJEMEY Tasks
» Ihage

GEE Code Editor

» modul 82 | Use print(...) to write to this console.
mogies 83 // calculate emissivity
RFI 84 - var landsatSR = ee.ImageCollection(scenes.map(function(id) {
Gl 85 return ee.Image(coll _SR+'/'+id); LandsatToA
B LST_RTE_NDVI 86 ) » ImageCollection (1 element)
B LST_RTE_NDVI_add BEO 87 .select(SR_bands)
[l LST_RTE_NDVI_surfrad 88 .map(func.caleNDVI)
[ i 89 .map(func.calcFvC) 774.8853
Landsat_LSTjs 1321.0789
B Landsat_LST_SUHI_BA - r‘:f;: it 71
:LanqsaLLST_TlmeSenesjA 92 .map(func.calcLSE) //SNDVIthm method landsatsrR
Modis LST.BA . 93 .map(func.calcLSE2) //NDVIthm method : .
[ compute_emissivity_NBEM.js 94 : »ImageCollection (1 element)
B example_1_NBEM.js ' 95 // create TIR image collection from SR collection i
::xarv;plej_surfrad.js gs- var filtermllgychnems =tIunctton(im§ge))( landsatToA
unctions var sceneID = image.get('system:index'); :
» Writer 98 return ee.ImageCollection(coll DN).filterMetadata('system:index', 'equals’, sceneID).select » ImageCollection (1 element)
» Reader (2) 9 Y
~ Archive 168 £l a - - landsatLST
No accessible repositories. Click Refresh to check again. 12; VAR ELEeraUON; 2]1ands StSR Wap LFLLLATONBYSCencIDS ) » ImageCollection (1 element)
~ Examples 103 // calculate TOA
» Image 104 var landsatTOA = filteredDN
» Image Collection i 105 .map(func.calcLTOA)
» Feature Collection i 106 print('LandsatTOA',landsatTOA)
» Charts 107
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LST validation @

SURFRAD (Surface Radiation Budget) Network

e Dbroadband downwelling and upwelling IR radiance
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BND

LST validation \"/

SURFRAD (Surface Radiation Budget) Network

Desert Rock, Nevada o Fort Peck, Montana
36.624° N, 116.019° W 48.308° N, 105.102° W
1007 m.a.s.l. e 634 m.as.l.

e broadband downwelling and upwelling IR radiance Sondle, lini

40.052° N, 88.373° W
230 m.a.s.l.

GWN PSU SXF

Goodwin Creek, Mississippi
34.255° N, 89.873° W
98 m.as.l.

Penn. State Univ., Pennsylvania Sioux Falls, South Dakota
40.720° N, 77.931° W 43.734° N, 96.623° W
376 m.a.s.l. 473 ma.s.l.

TBL
The SURFRAD instruments in Fort Peck
© station location - original

® station location - shifted
(_) 100m buffer zone

N
)
Table Mountain, Boulder, Colorado
40.125° 70 W 0.1 0 0.1 0.2 km

1689 m.a.s.l.
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Results - Landsat 8

All Landsat 8 scenes with cloud cover < 11%
Validation statistics:
RMSE, accuracy/bias y, precision o

3oc-Hampel identifier to exclude outliers

RMSE (in K)
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Results - LSE
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Results - LSE

Google Satellite Orthophotomap Landsat 8 RGB NDVI

SMW SMwW SMwW
ASTER (NDVI-corrected) NDVITHM SK NDVITHM SO
- .
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NDVI,=0.5 (Sobrino and Raissouni 2000; Sobrino et al. 2008; Yu et al. 2014;
Resutts - NDVI Ndossi and Avdan 2016; Sekertekin and Bonafoni 2020)
NDVI,=0.85 (Jiménez-Mufoz et al. 2009; Parastatidis et al. 2017; Ren et al. 2017,

Ermida et al. 2020)

. SMW NDVIy = 0.5
s SMW NDVIy = 0.85
Wmm RTE NDVIy=0.5
B RTE NDVIy=0.85

RMSE (in K)

Station
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All data Soil
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Results - Landsat 5, Landsat 7, Landsat 9

RMSE (in K)
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Conclusions

e Operational LST calculation method from Landsat 4-5, 7, 8 and 9, implemented in GEE code repository
e Filling gaps and avoiding block artefacts in ASTER GED v3

e Considering the current state of the vegetation at the time of imaging

e Higher accuracy and precision than original SMW method and the USGS Landsat ST product

e More accurate mapping of UHI on a local and regional scale
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Thank you for your attention !

hana.bobalova@uniba.sk

GeoKARTO 2024, September 5-6, 2024, Stara Lesna



