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Figure S1. Standardized mean temperature (top), precipitation (center) and incoming surface 

shortwave radiation (bottom) anomalies in summer (June-August) 2003, 2010 and 2018. The 

stippling indicates extremely high (rank highest) or extremely low (rank lowest) anomalies over 

the period 1979-2018. 



 
 

Figure S2. Soil-moisture (SM) anomalies in summers of 2003, 2010 and 2018 (left to right) from ERA5 (top 

row) and from the 11DGVM multi-model ensemble mean (second row). The multi-model 1 range is 

shown in the third row. The bottom row shows results for FLUXCOM Water Availability Index. In ERA5 

soil-moisture is evaluated at a depth of 0-289cm, while in DGVMs soil-depth is variable. Therefore, results 

are presented as standardized anomalies, rather than absolute values, and the long-term trend is removed.  
 

 

 



 
Figure S3. As in Figure 1, but for absolute detrended summer and annual NEPanom, GPPanom and TERanom.  
 

 



 
Figure S4. Gross primary productivity anomalies (GPPanom) in summers of 2003, 2010 and 2018 from 

FLUXCOM 6-member ensemble mean (FCEM, top row) and from the 11 DGVM multi-model ensemble 

mean (central row), divided by the 40-yr standard deviation in each pixel. The number of DGVMs agreeing 

on the sign of GPPanom with the FLUXCOM ensemble mean are shown in the bottom row. The FLUXCOM 

ensemble strongly underestimates the absolute variance of GPP, as pointed out by Jung et al. (2019) which 

is masked by the z-score transformation shown here. Therefore, results are presented as standardized 

anomalies, rather than absolute values.  

 
 



 
Figure S5. Net ecosystem productivity (NEPanom) anomalies in summers of 2003, 2010 and 2018 from 

FLUXCOM 3-member ensemble mean (FCEM, top row) and from the 11 DGVM multi-model ensemble 

mean (central row). The number of DGVMs agreeing on the sign of NEPanom with the FLUXCOM ensemble 

mean are shown in the bottom row. As in Figure S4, results are presented as standardized anomalies, 

rather than absolute values. 

 

 

 
 



Figure S6. Summer anomalies in GPP in response to extreme summers in Europe. Anomalies in GPP 

versus SM (top) and temperature (bottom) anomalies during 2003, 2010 and 2018 summers from six 

ensemble members of the FLUXCOM data-driven product (magenta lines) and from the set of 11 DGVMS 

(green lines). The sensitivities of GPP to SM for the extreme summers are compared to other years in the 

2000s (excluding 2015, also a dry summer).  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
Figure S7. Comparison of NEP and GPP anomalies for the 52 eddy-covariance measurement sites from the 

ICOS (2020) compilation (black markers), FLUXCOM (magenta boxplots) and DGVMs (green boxplots). 

The anomaly calculation and standardization of all three datasets is based on the period covered by each 

site. The error bars in the EC data correspond to the range of anomalies estimated by different methods. 

The sites are ordered from left to right by increasing latitude. The markers indicate different vegetation 

types: evergreen broadleaf forests (EBF), evergreen needleleaf forests (ENF), deciduous broadleaf forests 

(DBF), mixed forests (MF), closed and open shrublands (CSH and OSH, respectively), wetlands (WET), 

croplands (CRO) and grasslands (GRA). Finally, it should be noted that not all sites were used in the 

training of the FLUXCOM dataset.  

Part of the disagreements can be explained by the coarse resolution of the datasets and the fact that the 

fluxes from EC sites correspond to a single ecosystem type, while the pixels of both FLUXCOM and 

DGVMs are mixed. This is evident, for example, for DE-Kli, DE-Gri and DE-Tha, which are located very 

close to each other but correspond to different vegetation types and show large differences in NEP and 

GPP anomalies. Because these three sites correspond to one pixel of FLUXCOM and DGVMs, their 

estimates correspond roughly to the average anomaly of the three sites.  For an accurate comparison, 

outputs of NBP and GPP per vegetation type would be needed, but there are not available. 


