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INTRODUCTION

The High Spatio-Temporal Resolution Land Surface Temperature Monitoring (LSTM) Mission, has been

indentified as one of the Copernicus Expansion Missions

Primary objective: Monitoring Evapotranspiration at European field scale by capturing the variability

of LST allowing more robust estimates of field scale water productivity.

To prepare for the future LSTM mission, NET-Sense 2023 campaign took place in Grosseto, Italy, at an 

experimental site consisting of irrigated flat areas with growing crops, mainly maize and alfalfa. 

In situ measurements were an important part of the campaign, providing LST, radiation fluxes and 

evapotranspiration data. An extensive database was created focusing on several studies such as LST 

directionality effects, LST algorithms tests and calibration/validation (cal/val) activities on Thermal InfraRed 

(TIR) spectrum, among others.

Two airborne hyperspectral TIR sensors OWL and HyTES involved in the campaign



Toulouse
Flight Height 1524m

GSD 1.83m

Flight pass time 12-15 CEST

BANDS DEFINITION LSTM

LSTM Mission Requirement Document
LSTM filter functions

LSTM

NADIR 37 m

Max scan angle 50 m

LSTM spatial resolution
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Toulouse
Flight Height 1524m

GSD 1.83m

Flight pass time 12-15 CEST

TES algorithm Gillespie et al., (1998)

( ) (1 )at sensor

i i i i i i iL B Ts L L  −   = + − +
 

• Starting from RTE:

• LST and Land Surface Emissivity 
(LSE) can be estimated 
simultaneously

𝑇𝑆 = 𝑇𝑖 + 𝑎0 − 𝑎1 𝑇𝑖 − 𝑇𝑗 + 𝑎2 𝑇𝑖 − 𝑇𝑗
2

+

𝑎3 + 𝑎4𝑤 1 − 𝜀 + 𝑎5 + 𝑎6𝑤 Δ𝜀 

J. A. Sobrino & N. Raissouni. Toward remote sensing methods 

for land cover dynamic monitoring: Application to Morocco, 

International Journal of Remote Sensing, 2000, 21:2, 353-366

SW algorithm

PROPOSED ALGORITHMS
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NET-SENSE CAMPAIGN 2023 

GROSSETO TEST SITE
CORN: LOW DENSITY CLOVER 1: IRRIGATED

GRASS WATER BODY

CLOVER 3CLOVER 2: NO 
IRRIGATED

BLACK TARGET

IOP1: 23rd May – 1st June

IOP2: 25th June – 2nd July

• GREEN AREAS ARE IN GROWTH 
PERIOD

• GREEN AREAS ARE AT THEIR 
MAXIMUM GROWTH OR 
HARVESTED

DIFFUSE REFLECTANCE
PLATE

MULTI BAND
RADIOMETERS

SINGLE BAND
RADIOMETERS

A.02.01 Part 1. M. Langsdale et al.
A.02.01-Poster. D. Skoković et al.



PLATFORM SENSOR SPECTRAL INFO Angular Viewing PIXEL SIZE AT 1000 M (NADIR)

C-GKBH HyTES 7.5 – 12.0 μm (256 bands)
FOV = 50° (±25° either side 

of nadir)
1.70 m

NET-SENSE CAMPAIGN 2023 

• Selection of 4 days due to HyTES and in situ data quantity and quality:

DAY INSTRUMENT SURFACE HyTES time flights

27/05/2023

CIMEL CE312 GRASS, CLOVER 2 AND CORN

09:00-13:00 UTC
APOGEE SI-200

GRASS, CLOVER 2, BLACK TARGET, CLOVER 

1, BARE SOIL AND  CLOVER 3

25/06/2023
CIMEL CE312 CLOVER 3 AND CLOVER 2

09:00-13:00 UTC
APOGEE SI-200 CLOVER 3 AND BLACK TARGET

26/06/2023
CIMEL CE312

BLACK TARGET, CORN, CLOVER 

1(HARVESTED) AND WATER 07:30-15:00 UTC

APOGEE SI-200 BLACK TARGET AND WATER

27/06/2023
CIMEL CE312 BLACK TARGET, CLOVER 2 AND ALPHALFA

10:00-12:30 UTC
APOGEE SI-200 BLACK TARGET AND WATER

• Main characteristics of HyTES (Hyperspectral Thermal Emission Spectrometer) sensor:



From HyTES (UV Reprocessed- see Poster) level 2 data (LST and LSE), 

synthetic images are generated. (A.02.01 Poster)

To generate LSE data for LSTM bands:

1. HyTES emissivities reprocessed (orange) compared to most similar 

ECOSTRESS (green) samples (best Pearson’s correlation coefficient)

2. Bias determination between both spectrums.

3. Application of bias to HyTES spectrum which is convoluted into LSTM 

bands (in blue).

4. For simulation of the TIR-5 LSTM band (12 microns), ECOSTRESS spectrum 

bias corrected is extrapolated and convoluted.

SYNTHETIC IMAGES : PROCEDURE LSE

Simulated LSE data for Corn, 

Clover and Bare Soil
HyTES LST mosaic for 27 June



▪ TOA radiances by the application of inverse RTE and 

Planck’s law for the LSTM bands

( ) (1 )at sensor

i i i i i i iL B Ts L L  −   = + − +
 

𝑇𝑆 = ൘
𝑐2

𝜆 ln
𝑐1

𝜆5𝐵𝑖 𝑇𝑠
+ 1

 

SYNTHETIC IMAGES: PROCEDURE TOA 
RADIANCE

▪ Transmissivity, upward and downward radiance 

retrieved from ECMWF profiles used as input in 

MODTRAN

▪ LSTM TOA Radiance data = HyTES LST images + 

Simulated emissivity + Atmospheric parameters



Synthetic LSTM images 26 June 2023

LSE 1

LSE 2

LSE 3

LSE 4

LSE 5

LST

TIR 1 TIR 2 TIR 3 TIR 4 TIR 5

LST + LSE inputs

SYNTHETIC IMAGES: RESULTS
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TES Algorithm proposed for LSTM

This process, known as the NEM (Normalized Emissivity Method), enables the estimation of surface temperature and 

emissivity (Gillespie, 1985). To enhance accuracy, the RATIO and MMD modules are applied: the former normalizes the 

emissivities obtained through NEM, while the latter adjusts them based on the maximum–minimum spectral difference. 

Finally, a correction considering the blackbody approximation is performed, further refining the estimates of (Ts) and 

spectral emissivity.

𝜀𝑖 = 𝛽𝑖 ൗ
𝜀𝑚𝑖𝑛

min 𝛽𝑖
 

where εi is the minimum emissivity obtained from the following empirical 

relationship retrieved with 675 spectral emissivities and for the 5 LSTM bands:

𝜀𝑚𝑖𝑛 = 0.962 − 0.964𝑀𝑀𝐷0.9535 

with MMD the spectral contrast calculated as:

𝑀𝑀𝐷 = 𝑚𝑎𝑥 𝛽𝑖 − 𝑚𝑖𝑛 𝛽𝑖  

The TES method is capable of recovering surface emissivities within about 0.015 

and surface temperatures within about 1.5 K Gillespie et al. (1998).

COEFFICIENTS ESTIMATION



▪ SW coefficients retrieved with GAPRI database simulation and 

ECOSTRESS library

▪ Surface temperature simulation range [T0-15, T0+15] K / ΔT0=5 K

▪ Simulations done:
▪ 4714 (Atmospheric profile) × 215 (Emissivity) × 7 (T0)

ECOSTRESS emissivity for LSTM TIR channels

GAPRI DATASET

COEFFICIENTS ESTIMATION

WV DATASET 
DISTRIBUTION

SW Sensitivity for LSTM (GARPI)  

SW Algorithm proposed for LSTM



• Fitting coefficients for LSTM channels (TIR 4- TIR 5)

COEFFICIENTS ESTIMATION: SW algorithm

𝑇𝑆 = 𝑇𝑖 + 𝑎0 − 𝑎1 𝑇𝑖 − 𝑇𝑗 + 𝑎2 𝑇𝑖 − 𝑇𝑗
2

+

𝑎3 + 𝑎4𝑤 1 − 𝜀 + 𝑎5 + 𝑎6𝑤 Δ𝜀 

J. A. Sobrino & N. Raissouni. Toward remote sensing methods 

for land cover dynamic monitoring: Application to Morocco, 

International Journal of Remote Sensing, 2000, 21:2, 353-366

𝑇𝑆 = 𝑇𝑖 − 0.772 − 2.621 𝑇𝑖 − 𝑇𝑗 + 0.055 𝑇𝑖 − 𝑇𝑗
2

+

49.202 − 4.884 𝑤 1 − 𝜀 − 172.770 − 29.664 𝑤 Δ𝜀 

Algorithm Water vapour (w) Emissivity Total

1.9 K 0.5 K 0.8 K 2.1 K
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RESULTS: HyTES LST Validation

HyTES data:

• L2 LST reprocessed (K). TES algorithm was applied to generate LST and LSE data.

In situ data:

• Multiband radiometers for surface characterization (calibrated with deviations below 0.3 K).

• Diffuse reflectance plate to address atmospheric downward effects.

• Broadband sensor 8-14 µm, installed in a fixed station for continuous measurements.

27TH MAY, 2023 25TH JUNE, 2023 26TH JUNE, 2023 27TH JUNE, 2023



In situ data:

• Contact sensors used for continuous measurements on the water body.

• For all days, good agreement is observed between HyTES L2 LST Reprocessed and in situ data

• RMSE below 1.0 K

27TH MAY, 2023 25TH JUNE, 2023 26TH JUNE, 2023 27TH JUNE, 2023

RESULTS: HyTES LST Validation water



25TH JUNE, 2023

EMISSIVITY
[CIMEL – HyTES]

CIMEL WAVELEGTH (µm)

8.3 8.7 9.1 10.65 11.35

WB1_KCL_2705 0.016 0.018 0.017 0.023 0.025

CORN_SOIL_2705 0.002 0.005 0.015 0.005 0.006

CLOVER_2506 0.002 0.032 0.004 0.006 0.012

CORN_2506 0.009 0.028 0.008 0.004 0.015

CLOVER_2606 -0.005 0.024 0.000 0.001 0.012

CORN_2606 0.004 0.017 0.001 0.002 0.008

ALFALFA_2706 -0.007 0.006 -0.002 0.005 0.013

WB!_KCL_2706 0.038 0.048 0.016 0.017 0.020

BIAS 0.007 0.022 0.007 0.008 0.014

DEVIATION 0.014 0.014 0.008 0.008 0.006

RMSE 0.016 0.026 0.011 0.011 0.015

Comparison of most similar HyTES bands to CIMEL bands: 

• HyTES subestimates emissivities by CIMEL, with RMSE 

of 0.016, 0.026, 0.011, 0.011 and 0.015 respectively

27TH MAY, 2023 26TH JUNE, 2023

27TH JUNE, 2023

RESULTS: HyTES LSE Validation
In situ data:

• Multiband radiometers (CIMEL data) for surface characterization in blue.
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▪ LSTM TOA radiance scenes resampled at 50 m from 4 m of HyTES

▪ Uncertainties introduction in the TOA and atmospheric correction in order to generate more 

realistic approach for algorithm performance analysis.

▪ Uncertainties introduced:

➢ Random: NEΔT of 0.1-0.2 K for TOA data

➢ Alternative atmospheric correction: LIRE sounding (200 km from Grosseto) launched 

at 12 UTC instead of ECMWF atmosphere used for simulations.

▪ 4 scenes selected for algorithm assessment at 13 UTC (LSTM nominal pass)

LSTM algorithms validation



LST assessed in function of different inputs to TES and SW algorithms:

▪ TES algorithm applied to LSTM with ECMWF atmosphere. No errors applied (TES)

▪ TES algorithm applied to LSTM with LIRE atmosphere and NEΔT (TES_u)

▪ SW algorithm applied to LSTM with inputs of simulated LSE images (SW sim)

▪ SW algorithm applied to LSTM with inputs of TES LSE images (SW)

▪ SW algorithm applied to LSTM with inputs of TES_u LSE images (SW_u)

HyTES LST images are our ground truth

LSTM algorithms validation



27/05/2023 ECMWF LIRE

LSTM λeffective 𝜏λ 𝜏λ Δ𝜏λ (%)

TIRS1 8.6 0.681 0.698 -2.6

TIRS2 8.9 0.752 0.781 -3.8

TIRS3 9.2 0.771 0.797 -3.4

TIRS4 10.9 0.727 0.746 -2.7

TIRS5 12.0 0.632 0.656 -3.8

Average Δ𝜏λ -3.2 %

TES_u SW sim SW_uTES SW

Transmissivity variations of 3.2%

• Not important changes in TES results (RMSE 0.7 to 1.0 K)

• SW performs better with emissivities of TES (RMSE of 1.2 K)

HyTES TES_u SW sim SW_uTES SW ECMWF vs LIRE transmissivity:

LSTM algorithms validation May 27



TES_u SW sim SW_uTES SW

25/06/2023 ECMWF LIRE

LSTM λeffective 𝜏λ 𝜏λ Δ𝜏λ (%)

TIRS1 8.6 0.662 0.636 4.0

TIRS2 8.9 0.736 0.721 2.0

TIRS3 9.2 0.751 0.737 2.0

TIRS4 10.9 0.706 0.648 8.2

TIRS5 12.0 0.609 0.539 11.6

Average Δ𝜏λ 5.5 %

HyTES TES_u SW sim SW_uTES SW

Transmissivity subestimation of 5.5%:

• TES results overestimates LST (0.8 to 4.5 K)

• SW with emissivities of TES (RMSE of 1.3 K)

ECMWF vs LIRE transmissivity:

LSTM algorithms validation, June 25



TES_u SW sim SW_uTES SW

26/06/2023 ECMWF LIRE

LSTM λeffective 𝜏λ 𝜏λ Δ𝜏λ (%)

TIRS1 8.6 0.653 0.658 -0.7

TIRS2 8.9 0.728 0.740 -1.7

TIRS3 9.2 0.744 0.754 -1.3

TIRS4 10.9 0.695 0.677 2.5

TIRS5 12.0 0.596 0.574 3.7

Average Δ𝜏λ 0.5 %

Transmissivity subestimation of 0.5%:

• TES results (RMSE 0.8 to 0.9 K) the same atmosphere

• SW with emissivities of TES (RMSE of 2.3 K)

TES_u SW sim SW_uSWTESHyTES ECMWF vs LIRE transmissivity:

LSTM algorithms validation June 26



TES_u SW sim SW_uTES SW

27/06/2023 ECMWF LIRE

LSTM λeffective 𝜏λ 𝜏λ Δ𝜏λ (%)

TIRS1 8.6 0.676 0.662 2.1

TIRS2 8.9 0.749 0.744 0.6

TIRS3 9.2 0.764 0.758 0.8

TIRS4 10.9 0.731 0.686 6.1

TIRS5 12.0 0.641 0.585 8.7

Average Δ𝜏λ 3.7 %Transmissivity subestimation of 3.7%:

• TES results overestimates LST (1.0 K to 3.9 K)

• SW with emissivities of TES (RMSE of 2.1 K), SW 

improves with SW_u (0.5 K)

HyTES TES_u SW sim SW_uTES SW ECMWF vs LIRE transmissivity:

LSTM algorithms validation June 27
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▪ LSTM synthetic images generated for HyTES pass at 08:32 UTC with same procedure 

described before and resampled to ECOSTRESS (70 m) spatial resolution.

▪ No sounding available at ECOSTRESS time pass. 

➢ Atmospheric uncertainty generated by the introduction of random errors to temperature 

and relative humidity profiles. Errors introduction based on Zhaokai et al., (2024), Zhang 

et al., (2025)

✓ Temperature: [-1.5, 1.5] K

✓ HR: [-15, 15] %

▪ 1,000 atmospheres have been generated and the average profile (ECMWF_u) was used for 

the estimation of transmissivity, upward and downward radiation parameters.

Generated LSTM outputs:

▪ TES algorithm without external uncertainties (TES), TES algorithm with atmospheric and 

NEΔT uncertainties (TES_u)

▪ SW algorithm with TES LSE inputs (SW) and TES_u LSE inputs (SW_u).

Comparison against ECOSTRESS



LSTM TES LST product
08:32 UTC, 50m

26/06/2023 ECMWF ECMWF_u

LSTM λeffective 𝜏λ 𝜏λ Δ𝜏λ (%)

TIRS1 8.6 0.704 0.708 -0.7

TIRS2 8.9 0.776 0.779 -0.4

TIRS3 9.2 0.789 0.793 -0.4

TIRS4 10.9 0.773 0.783 -1.2

TIRS5 12.0 0.693 0.705 -1.7

Average Δ𝜏λ -0.9 %

Transmissivity overestimation of -0.9 %:

• More standard deviation observed in TES_u

• Not important changes in SW results (RMSE below 2.0 K)

ECOSTRESS LST
08:32 UTC, 70m

ECMWF vs ECMWF_u transmissivity:

Comparison against ECOSTRESS
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• NET-SENSE 2023 campaign has provided a valuable data in the thermal domain for the simulation of the 

future LSTM sensor. UGC calibrates, reprocesses and validates HyTES data.

• Validation of Reprocessed HyTES LST against in situ data show RMSE below 2.0 K and good agreement of 

LSE spectrum when compared to CIMEL data. 

• LSTM TOA simulated images were retrieved by the application of HyTES LST and LSE (ECOSTRESS 

corrected) and ECMWF atmospheric profiles.

• Algorithms coefficients have been proposed for TES (εmin-MMD relation) and SW algorithms based LSTM 

bands response filter functions.

• Uncertainties introduced in TOA data and atmospheric correction in order to generate more realistic approach 

for algorithm performance analysis

➢ TES algorithm retrieve better results when atmospheric profile is well-known.

➢ SW retrieves more stable results (always below 2.5 K) independently of emissivity data ingested in the 

algorithm.

• In order to avoid high TES errors (above 4.0 K) due to atmospheric uncertainty, an hybrid approach TES-SW 

algorithm can provide more stable results at the same time LSE is retrieved without the need of auxiliary data.

CONCLUSIONS
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