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Land Surface Temperature (LST)
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Single-channel methods: 

1. Radiative Transfer Equation (RTE) - Dash et al. (2001)

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

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

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

5. ….

Split-window methods:

Temperature and Emissivity Separation (TES), Temperature Independent Spectral Index (TISI), …

Landsat Surface Temperature (ST) product

Landsat Collection 2 Level 2

Google Earth Engine (GEE) code

Ermida et al. (2020)
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Land Surface Emissivity (LSE)
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1. ASTER Global Emissivity Dataset (GED) v3

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

ε - ratio of radiance emitted by           
a body at temperature T to the 
radiance of a black body at the same 
temperature
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Land Surface Emissivity (LSE)
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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 (NDVITHM)  Simplified NDVI-threshold method (SNDVITHM)

Bare soil

Mixed 

Vegetation

εs, εv - emissivity of soil and vegetation NDVIS, NDVIV - threshold values for soil and vegetation



Land Surface Emissivity (LSE)
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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)

3. NDVI-Based Emissivity Methods (NBEM)

Method Reference Spectral library

NDVITHM SO Sobrino et al. (2008) ASTER

NDVITHM SK Skoković et al. (2014) ASTER

NDVITHM YU Yu et al. (2014) MODIS

SNDVITHM SK εs, εv from Skoković et al. (2014) ASTER

SNDVITHM  YU εs, εv  from Yu et al. (2014) MODIS

SNDVITHM  WA εs, εv  from Wang et al. (2015) ASTER

RTE method, SMW method



GEE code
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GEE Code Editor



LST validation

GeoKARTO 2024, September 5-6, 2024, Stará Lesná

SURFRAD (Surface Radiation Budget) Network

● broadband downwelling and upwelling IR radiance
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Results - Landsat 8

GeoKARTO 2024, September 5-6, 2024, Stará Lesná

All Landsat 8 scenes with cloud cover < 11%

Validation statistics:

RMSE, accuracy/bias μ, precision σ

3σ-Hampel identifier to exclude outliers

N ST
ASTER

SMW
ASTER

LSE
NDVITHM SNDVITHM

SO SK YU SK YU WA

882 3.61 2.58
SMW

2.33 2.42 2.33 2.46 2.50 2.70

951 7.15 6.18 6.08 6.10 6.05 6.16 6.16 6.22

RTE
3.13 3.40 3.28 3.39 3.49 3.75

6.90 7.00 6.92 7.04 7.07 7.18

RMSE (in K)
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Results - NDVI

GeoKARTO 2024, September 5-6, 2024, Stará Lesná

NDVIV = 0.5  (Sobrino and Raissouni 2000; Sobrino et al. 2008; Yu et al. 2014; 
Ndossi and Avdan 2016; Sekertekin and Bonafoni 2020)

NDVIV = 0.85  (Jiménez-Muñoz et al. 2009; Parastatidis et al. 2017; Ren et al. 2017;
  Ermida et al. 2020) 



Results - NDVI

GeoKARTO 2024, September 5-6, 2024, Stará Lesná

Soil NDVI < 0.2

Mixed surface 0.2 ≤ NDVI ≤ 0.5

Vegetation NDVI > 0.5



Results - Landsat 5, Landsat 7, Landsat 9

GeoKARTO 2024, September 5-6, 2024, Stará Lesná

Mission N ST SMW
SMW RTE

NDVITHM SNDVITHM NDVITHM SNDVITHM

Landsat 5
1100 3.47 2.67 2.36 2.37 3.20 3.19

1148 4.56 3.88 3.66 3.70 4.31 4.35

Landsat 7
1563 3.58 2.68 2.44 2.49 3.20 3.20

1666 6.59 5.83 5.69 5.77 6.35 6.43

Landsat 8
882 3.61 2.58 2.42 2.46 3.40 3.39

951 7.15 6.18 6.10 6.16 7.00 7.04

Landsat 9
202 3.92 2.78 2.62 2.65 3.85 3.83

212 5.33 4.33 4.23 4.27 5.28 5.29

RMSE (in K) 



Conclusions

GeoKARTO 2024, September 5-6, 2024, Stará Lesná

● Operational LST calculation method from Landsat 4-5, 7, 8 and 9, implemented in GEE code repository

● Filling gaps and avoiding block artefacts in ASTER GED v3

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

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

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

hana.bobalova@uniba.sk


