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CLMS unveils new evapotranspiration products

09.12.2025

What if we could read the landscape the way an experienced farmer does, sensing how much water
plants draw from the soil, how heat moves across the ground, and how energy shifts between the
land and the atmosphere? With the new Evapotranspiration (ET) and Heat Flux products from the
Copernicus Land Monitoring Service (CLMS), this level of understanding is now within reach.

Why evapotranspiration is a game changer

Actual evapotranspiration is not just another measurement, it is a powerful indicator of the
planet’s health. Recognised by the Global Climate Observing System (GCOS) as an Essential
Climate Variable (ECV), ET is fundamental for analysing the global water and energy cycles. Itis

alen adirect indicator of nlant water use makine it indicpensable for monitoring nrogrecs toward


https://land.copernicus.eu/en/products/evapotranspiration

New ETA and HF product released in December 2025

 300m resolution, global, near real-time

» Dekadal actual evapotranspiration (ET), Transpiration (T) and Evaporation (E)
* Instantaneous latent (LE) and sensible (H) heat flux

* Biophysical parameters (LAl, albedo, ...) + drivers (LST) derived from Sentinel 3
OLCI and SLSTR sensors

- Note: existing CLMS LAI and C3S albedo products were not used

Irrigation in Wadi Sirhan basin, Saudi Arabia



Evapotranspiration
Global Land

owerione* Water evaporated from land surface
' — Evaporation: from bare soil

— Transpiration: via vegetation canopy (through stomata)
Key component of water cycle

— Roughly 65% of all precipitation over land
Nexus of water, energy and carbon cycle

Monitoring for climate agement, hydrology, meteorology, ...

GCOS essential
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Ensemble of 2 models: ETLook and TSEB-PT
TSEB-PT

Two-Source Energy Balance (Norman et al., 1995)
Used in Sen-ET framework (Guzinski et al., 2020)
Open source release pyTSEB (Nieto et al., 2025)

Computes energy balance, based on LST
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Ensemble of 2 models: ETLook and TSEB-PT

ETLook

e Potential ET via Penman-Monteith and down-throttling with stress factors
(Bastiaanssen et al., 2012)

 Modified and used in the WaPOR framework from FAO (open source

codebase)
e Soil moisture via LST-Fc Trapezoid method

(intercepted water not considered in CLMS ETA)




Key remote sensing input from Sentinel 3:

Data Type Sensor/Model
Thermal imagery  Sentinel-3
SLSTR
Shortwave Sentinel-3 OLCI
imagery + SLSTR

Meteorological ECMWEF IFS
data

Landcover map PROBA-V
(Sentinel-2)

Digital elevation =~ TanDEM-X
model

Canopy height GEDI LiDAR +
map Sentinel-2

Product
SL 2 LST

cgl_TOC v2.3.4

CAMS global atmospheric
composition forecasts

Global Dynamic Land Cover
2019

Copernicus DEM

ETH_GlobalCanopyHeight 10
m_2020_version1

Source

Copernicus Data Space
Ecosystem

Copernicus Land Monitoring
Service

Copernicus Atmosphere
Monitoring Service

Copernicus Land Monitoring
Service

Copernicus Data Space
Ecosystem

ETH Zurich
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. S3 cloudmasking & filtering on VZA < 45 degrees

. Biophysical traits: vectorized PROSPECT-D (Féret et al., 2017) + 4SAIL (Verhoef et al., 2007) RTMs
. SWrad + albedo (soil / canopy): Campbell & Norman (1998) RTM

. LST sharpening: Data mining sharpener (Gao et al., 2012)

= Meteo processing

. Structural + ancillary parameters

Group Variable Group Variable
Biophysical Parameters Leaf Area Index (LAI) Boundary condition Land surface temperature
Fraction of LAl that is green Weather Air temperature
Mean leaf inclination angle (LIDF) Wind speed
Leaf PAR reflectance Water vapour pressure
Leaf PAR transmittance Surface pressure
Leaf NIR reflectance Direct PAR irradiance
Leaf NIR transmittance Diffuse PAR irradiance
Soil Properties Soil PAR reflectance Direct NIR irradiance
Soil NIR reflectance Diffuse NIR irradiance
Canopy structure Canopy height Longwave irradiance
Fractional cover of clumped canopy Daily shortwave irradiance
Canopy width to height ratio Daily reference ET
Effective le af size Daily precipitation

Maximum stomata conductance



Only for dekadal ETA variables
e Output (temporal) gapfilling

— Using scaled reference ET and precipitation
 Temporal compositing
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2026-03-11 00:00 - 2026-03-11 23:59, ETA Global 300m 10-daily V1, ET-STD

Data available in CDSE browser
https://dataspace.copernicus.eu/



2025-11-21 00:00 - 2025-11-21 23:59, ETA Global 300m 10-daily V1, ET-ENSEMBLE

At
]

10

75

ls

25

0
| )

o o

Ecalogica
de Cunia

Floresta
Nacional
de Jacundd

Eloresta

Nacional
de Humaita

Deforestration in the Amazon, near Porto Velho, Br:



ETLook vs TSEB
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Differences usually < 1 mm/d
— No clear patterns

ET: fair agreement



ETLook vs TSEB
Global Land

Opeions o ET: fair agreement

* Clear Differences in partitioning:
— T higher in ETLook (in regions with high vegetation cover)
— E higher in TSEB-PT (mostly in arid regions)
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 Eddy covariance data
— 206 stations, covering 2020-2022, totalling ~13000 records of decadal ET

— Energy balance closure correction in most sites, dataset extended with
non-EBC corrected sites to increase global coverage

— Validation limited to ET LE and H (notT and E partltlonlng)
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Direct validation

Global Land .
operons o Eddy covariance data

— 206 stations, covering 2020-2022, totalling ~13000 records of decadal ET

= — Energy balance closure correction in most sites, dataset extended with
g non-EBC corrected sites to increase global coverage
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* High correlation (r > 0.75) with in situ data for all models
e Ensemble outperforms individual models
— significantly higher r, lower RMSE and smaller bias
* The bias of all three datasets is small (relative bias below 4%) with

i Tedl i 0.1 " TSEB-PT
Ensemble showing negligible bias LAY TSEB-P
fTT _‘_~D.4 Ensemble
N 7~ 0.5
7™ )\\79.6 0,}@
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All sites together b
Dataset RMSE bias rRMSE rBias r %B %T 7 s ‘n® ' k ,\_J\
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Plant functional types/Climates

Global Land ] . DBF
Owerione Worst scores in Tropical and Dry areas 0102,

* Typicalinall ET models
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- Divergence between ETLook and TSEB:
~ *  TSEB-PT: underestimated variability in Forests (DBF and MF)
ETLook: large positive bias in Savannas
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Heat Fluxes
Global Land

cpeions o Better scores for LE than H (strong underestimation)
e — Strongest bias in arid and forest sites
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Dataset RMSE bias rRMSE rBias r %B %T

LE 127.05 -1.74 0.67 -0.009 0.62 0 9.5
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@ Comparison to other ET products

Global Land

opeions - Comparison with other global ET datasets
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Only for 2020

(resampled to dekadal)

= Ensemble ET among the best models
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Native temporal and spatial of
other ET products varies
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New ETA & HF products are overall of high quality, and state of the art
in comparison to other global ET products

Model ensemble performs best, though depending on PFT, climate,
phenological state, an individual model might perform better. Users
have access to all model outputs

Excellent addition to the CLMS portfolio, highly valuable for climate
scientists, hydrologists, agronomists, policy makers and beyond.



https://egusphere.copernicus.org/preprints/2025/egusphere-2025-4342/



https://land.copernicus.eu/en/products/evapotranspiration
https://egusphere.copernicus.org/preprints/2025/egusphere-2025-4342/
https://egusphere.copernicus.org/preprints/2025/egusphere-2025-4342/
https://egusphere.copernicus.org/preprints/2025/egusphere-2025-4342/
https://egusphere.copernicus.org/preprints/2025/egusphere-2025-4342/
https://egusphere.copernicus.org/preprints/2025/egusphere-2025-4342/

Norman, J. M., Kustas, W. P., and Humes, K. S.: Source approach for estimating soil and vegetation energy fluxes in observations of directional
radiometric surface temperature, Agricultural and Forest Meteorology, 77, 263—-293, https://doi.org/10.1016/0168-1923(95)02265-Y,
1995.

Nieto, H., Guzinski, R., and Kustas, W. P.: pyTSEB: A python Two Source Energy Balance model for estimation of evapotranspiration with remote
sensing data, https://doi.org/10.5281/ZENOD0.15094917, 2025.

Guzinski, R., Nieto, H., Sandholt, I., and Karamitilios, G.: Modelling High-Resolution Actual Evapotranspiration through Sentinel-2 and Sentinel-3
Data Fusion, Remote Sensing, 12, 1433, https://doi.org/10.3390/rs12091433, 2020.

Bastiaanssen, W. G. M., Cheema, M. J. M., Immerzeel, W. W., Miltenburg, I. J., and Pelgrum, H.: Surface energy balance and actual
evapotranspiration of the transboundary Indus Basin estimated from satellite measurements and the ETLook model, Water Resources
Research, 48, https://doi.org/10.1029/2011WR010482, 2012.

Féret, J.-B., Gitelson, A., Noble, S., and Jacquemoud, S.: PROSPECT-D: Towards modeling leaf optical properties through a complete lifecycle,
Remote Sensing of Environment, 193, 204-215, https://doi.org/10.1016/j.rse.2017.03.004, 2017

Verhoef,W., Jia, L., Xiao, Q., and Su, Z.: Unified optical-thermal four-stream radiative transfer theory for homogeneous vegetation canopies, |IEEE
Transactions on Geoscience and Remote Sensing, 45, 1808-1822, https://doi.org/10.1109/TGRS.2007.895844, 2007

Campbell, G. S. and Norman, J. M.: The Light Environment of Plant Canopies, in: An Introduction to Environmental Biophysics, pp. 247— 1025 278,
Springer New York, New York, NY, ISBN 978-0-387-94937-6 978-1-4612-1626-1, https://doi.org/10.1007/978-1-4612-1626-1_15, 1998

Gao, F., Kustas, W., and Anderson, M.: A Data Mining Approach for Sharpening Thermal Satellite Imagery over Land, Remote Sensing, 4, 3287,
2012


https://doi.org/10.1016/0168-1923(95)02265-
https://doi.org/10.1016/0168-1923(95)02265-
https://doi.org/10.1016/0168-1923(95)02265-
https://doi.org/10.1016/0168-1923(95)02265-
https://doi.org/10.1007/978-1-4612-1626-1_15
https://doi.org/10.1007/978-1-4612-1626-1_15
https://doi.org/10.1007/978-1-4612-1626-1_15
https://doi.org/10.1007/978-1-4612-1626-1_15
https://doi.org/10.1007/978-1-4612-1626-1_15
https://doi.org/10.1007/978-1-4612-1626-1_15
https://doi.org/10.1007/978-1-4612-1626-1_15
https://doi.org/10.1007/978-1-4612-1626-1_15
https://doi.org/10.1007/978-1-4612-1626-1_15

- —

- o

"N -

| . e Y

-

.‘.ﬁ
. -
= TN :

;
\/
\/

Extra slides

Land Monitoring [P e

’ n
A
1--; ' 4
| " 3 .
o
- ¥
.
" "\ ‘.\.
A .

== Commission

Gngoigeﬁ

aY R AS 2
% European | by - ’ ‘ "






* High correlation (r > 0.75) with in situ data for all models
 Ensemble model had a significantly higher r, lower RMSE and smaller

bias, compared to TSEB-PT and ETLook
* The bias of all three datasets is small (relative bias below 4%) with

Ensemble showing negligible bias

Summary scores at site level

Dataset

Ensemble
TSEB-PT
ETLook

min
0.31
0.39
0.14

RMSE
max  mean
1.96 0.81
2.03 0.91
240 0.91

std
0.30
0.30
0.35

min
-1.39
-1.51
-1.50

Bias

max mean

1.50 0.03
1.71 0.08
1.58 -0.08

std
0.45
0.50
0.53

min

-0.32
-0.28
-0.38

max
0.98
0.96
0.99

mean
0.77
0.71
0.74

std
0.20
0.24
0.23



Global statistics HF

Global Land

r- > -
1 B2 4.8
3 —

127.05 -1.74 -0.009
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- Summary scores at site level
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mean std min mean std min max mean
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@ Comparison to other ET products
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2026-03-11 00:00 - 2026-03-11 23:59, ETA Global 300m 10-daily V1, ET-ENSEMBLE

Muntz;

Resery,
Nature SEELe
Reserve

Muntz
Nerture
Reserve.

Condingup
+

10
75 el wh ~5 " :

Grand R «
5 National < L

Park ¢
25 A ;\\
Contrast|ng Iand use near ESperance, Aust

It it |85 Km



Biophysical processor
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