
Land cover (LC) is a key input for land surface models (LSM), as it directly affects 
the simulation of essential variables like soil moisture (SM), land surface 
temperature (LST), and snow water equivalent (SWE). However, LC datasets 
traditionally used in LSMs are generally outdated, leading to biases and reducing the 
reliability of climate reanalyses.

This study investigates the impact of integrating updated LC maps from the ESA 
Climate Change Initiative (CCI) into the ISBA model , using the SURFEX platform. 
The new ECOCLIMAP-SG tool enables the ingestion of high-resolution (300 m) 
CCI LC data, offering a more accurate land representation.

We compare ISBA simulations using the usual SURFEX LC (ECOCLIMAP-II) to 
assess whether Earth observation products can improve model performance for key 
climate variables.

Two open-loop (OL) simulations with the ISBA 
land surface model over Eurasia (2010–2022) 
using the SURFEX platform and forced by 
ERA5 at 0.25° resolution using two different 
LC:
 - ECOCLIMAP-II
 - ECOCLIMAP-SG

ESA CCI products:
- Snow water equivalent (SWE) v3.1 0.10°
- Soil moisture (SM) combined v8.1 0.25°
- Land surface temperature (LST) AQUA 
MODIS L3c 0.05°

Model outputs—SM, SWE, and LST—were 
benchmarked against satellite products from 
ESA CCI to assess the impact of LC. All 
variables are regridded to 0.25 x 0.25°.

Simulated surface processes show realistic spatial gradients and seasonal dynamics 
across Eurasia.

OL with ECOCLIMAP-SG

- ISBA captures the seasonal 
SWE cycle
- Overstimation of SWE from 
ISBA w.r.t observations
- OL with ECOCLIMAP-SG is 
getting closer to observations
- Low mean values of SWE 
CCI for 2014 and 2020 winters: 
Warm anomaly

Dominant land cover type over Eurasia at a spatial 
resolution of 0.25° x 0.25° as derived from (a) ECOCLIMAP-II 
(Faroux et al. 2013), (b) ECOCLIMAP-SG (Calvet and 
Champeaux 2020) with LC v2.0.7 1992-2015.

ISBA simulations over Eurasia forced by ERA5 atmospheric variables from 2010 to 2022 at a spatial resolution of 0.25° x 0.25°. 
Mean values (a,c,e,g,i) and Hovmoller plot (b,d,f,h,j) of scaled anomalies of (a,b) LAI, (c,d) LST, (e,f) surface soil moisture, (g,h) 
deep soil moisture (0.8-1.0m), (i,j) SWE

Time series of Mean SWE value over Eurasia from CCI Snow, ISBA simulations using CCI 
LC (ECOCLIMAP-SG) and pre-existing LC (ECOCLIMAP-II) from 2010 to 2022

3.1 Snow water equivalent

SWE anomalies

Scaled SWE anomalies for the warm winter of 2020 for (a) SWE CCI and (b) ISBA simulations (CCI 
LC). Red colour corresponds to positive SWE anomalies

- Similar spatial 
distributions of anomalies 
patterns for both datasets

- ISBA simulation captures 
the observed positive SWE 
anomalies in the 
northeastern domain 

3.2 Soil moisture

- Overstimation of 
ISBA almost 
everywhere, except in 
central Sweden, 
Finland and Russia 

Mean Pearson 
correlation coefficient

Mean RMSD 
(mm)

Mean ubRMSD 
(mm)

OL ECOCLIMAP-II 0.70 29.20 16.90

OL ECOLCIMAP-SG 0.71 23.30 16.90

Mean of grid-cell level score values of ISBA SWE simulations 
using CCI LC (ECOCLIMAP-SG) and pre-existing LC (ECOLCIMAP-
II) with respect to CCI SWE observations.

- Higher Accuracy with ECOCLIMAP-SG: 
Stronger correlation and lower mean error

- Consistent unbiased error: similar precision 
in random error 

Maps of mean SWE values over Eurasia from (a) CCI SWE, (b) OL (usign ECOLCIMAP-SG) SWE, and (c) 
the difference between the OL and CCI SWE (i.e. (b) - (a))

Time series of normalized Mean SM value over Eurasia from CCI SM, ISBA 
simulations using CCI LC (ECOCLIMAP-SG) and pre-existing LC 
(ECOCLIMAP-II) from 2010 to 2022

Mean of grid-cell level score values of ISBA SM 
simulations using CCI LC (ECOCLIMAP-SG) and pre-
existing LC (ECOLCIMAP-II) with respect to CCI SM 
observations.

Mean Pearson 
correlation coefficient

Mean RMSD 
(-)

Mean ubRMSD 
(-)

OL ECOCLIMAP-II 0.63 0.10 0.08

OL ECOLCIMAP-SG 0.62 0.10 0.08

Maps of normalized mean SM values over Eurasia from (a) CCI SM, (b) OL (usign 
ECOLCIMAP-SG) SM, and (c) the difference between the OL and CCI SM (i.e. (b) - (a))

- Similar Performance in SM Simulations: nearly identical statistical performance for 
both ISBA simulations

- Spatial Agreement with Observations: strong consistency between simulations and 
CCI observations, though regional differences highlight localized model biases, 
particularly in transitional climate zones. 

- Robust long-term trends shown by normalized SM time series , capturing interannual 
variability effectively

 

 
3.3 Land surface temperature 

To match LST CCI availability at 10:00 and 22:00 LT, ISBA outputs are selected at 09:00 
and 21:00 UTC. A reduced domain is used to limit time zone discrepancies.

Time series of Mean LST value over Eurasia from CCI LST, ISBA simulations using CCI LC (ECOCLIMAP-SG) and pre-existing LC (ECOCLIMAP-II) from 
2010 to 2022 for (left) day and (right) nighttime

Maps of mean LST values over Eurasia from (a) CCI LST, (b) OL (usign ECOLCIMAP-SG) LST, and (c) the difference between the OL and CCI LST (i.e. 
(b) – (a)). The three maps on the left correspond to daytime and the three maps on the right to nighttime

Mean Pearson 
correlation coefficient

Mean RMSD 
(K)

Mean ubRMSD 
(K)

OL ECOCLIMAP-II 0.86 6.5 4.4

OL ECOLCIMAP-SG 0.86 6.7 4.5

Mean Pearson 
correlation coefficient

Mean RMSD 
(K)

Mean ubRMSD 
(K)

OL ECOCLIMAP-II 0.90 3.5 2.5

OL ECOLCIMAP-SG 0.90 3.0 2.4

Mean of grid-cell level score values of ISBA LST simulations using CCI LC (ECOCLIMAP-SG) and pre-existing LC (ECOLCIMAP-II) with respect 
to CCI LST observations.

- Significant cold bias for ISBA for both 
experiments during daytime, especially in 
Spain and North Africa
- RMSD and ubRMSD lower for 
ECOCLIMAP-SG

- Minor warm bias simulated by ISBA 
during nighttime, with higher values at 
high latitudes
- Better statistics between updated LC 
and observations

- Integrating updated CCI land cover improves ISBA’s ability to reproduce snow 
dynamics, especially in regions with evolving vegetation. Nighttime LST is also 
improved
- Important cold bias in daytime LST of about 4.5 K, and SWE is generally 
overestimated
- For SM, the impact of updated LC is limited, with nearly unchanged error 
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