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Methods
a) Flux data processing at Majadas del Tietar.

Eddy covariance data were quality controlled
(Rebmann et al. 2005), the u*-threshold was estimated 
(Papale et al. 2006) to remove low turbulence condi-
tions, bad quality data were gap-filled (Reichstein et 
al. 2005), and subsequently net ecosystem exchange 
was partitioned into gross primary productivity 
(GPP) and ecosystem respiration (Reco) according 
to Lasslop et al. (2010), using the REddyProc 1.0-
0 software tool (www.bgc-jena.mpg.de/bgi/index.
php/Services/REddyProcWebRPackage). A detailed 
description of Majadas del Tietar measurement site 
is available (Casals et al. 2009).

b) Model ensemble simulations and multivariate analysis.
The model ensemble-based assessment uses the

global general circulation model HadAM3P (1.875° 
× 1.25° × 15-minute resolution) and a dynamically 
downscaled regional variant (HadRM3P, 0.44° × 
0.44° × 5-minute resolution). The model is driven 
by observed sea surface temperatures (SST) and an-
thropogenic forcings in atmosphere-only mode for 

one year at a time (starting 1 December; Massey et al. 
2015) in the period 1985–2010. In addition, a natural 
scenario (NAT) is available for analysis of climate-
related variables with all anthropogenic forcings set to 
pre-industrial values. The regional model output for 
the 1986–2010 (“anthropogenic”) period is then used 
to drive the LPJmL (Lund–Potsdam–Jena managed 
Lands) ecosystem model (Bondeau et al. 2007; Sitch 
et al. 2003). The model uses an updated phenology 
scheme (Forkel et al. 2014), and computes natural and 
managed vegetation development and competitions, 
and ecosystem–atmosphere exchanges of water and 
carbon. A detailed description of the ensemble ap-
proach is given in Sippel et al. (2017). LPJmL control 
simulations were conducted with ERA-Interim data 
(Dee et al. 2011). Because of small differences in the 
input datasets the means of LPJmL output driven with 
ERA-Interim reanalyses data (i.e., GPP and NEP) 
were adjusted to the means of the LPJmL output driv-
en with HadRM3P. In addition, LPJmL was driven 
by both HadRM3P and ERA-Interim holding CO2 
constant at 1986 values to assess the effect of direct 
CO2 fertilization in addition to climatic trends. To 
assess whether the occurrence probabilities of jointly 
“high winter GPP, and high spring GPP” (or NEP) 
events are changing, we fit a multivariate normal 
distribution individually to an early (1986–95) and 
late (2001–10) period using the “mvtnorm” R package 
(Genz et al. 2011). Subsequently, illustrative likelihood 
ratios are calculated from these idealised probability 
densities for each location in the two-dimensional 
spring–winter GPP (or NEP) planes.
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tAble eS16.1. Spearman correlation and partial Spearman correlation between 
FAPAR and meteorological variables over the Iberian Peninsula.

Spearman Correlation Partial Spearman  
Correlation

FAPAR-DJF FAPAR-MAM FAPAR-DJF FAPAR-MAM

Tair 0.55 −0.33 0.76 −0.08

Tair (lag−1) 0.19 0.60 0.28 0.03

Precipitation 0.07 0.52 −0.31 0.35

Precipitation (lag−1) 0.71 0.53 0.82 0.50

Fig. ES16.1. (a)–(d) Mean diurnal cycles and standard deviations for GPP, NEP, and Reco [µmol m−2 s−1], and 
Tair (°C), respectively, for winter 2004–17 (purple) and 2015/16 (blue). Mean diurnal cycles for the period reveal 
temperature differences between the warm and average winter are larger during night time as compared to 
the daytime. (e)–(h) As in (a)–(d) but for spring 2004–17 (purple) and 2015/16 (blue). 
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Fig. ES16.2. (a) Trend assessment of winter temperatures (°C) and spring precipitation (mm) in the EOBS 
dataset (Haylock et al. 2008) over the Iberian Peninsula. Red line indicates linear trends in the mean; black 
dashed line indicates trends in the 90th percentile derived through quantile regression (Cade and Noon 2003). 
(b),(c) Changes in HadRM3P simulated winter temperatures (°C) and spring precipitation (mm), respectively, 
between a “counterfactual” (pre-industrial) 2001–10 period, and the 1986–95 and 2001–10 periods used for 
driving the LPJmL ecosystem model.
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Fig. ES16.3. (a) GPP [g C (m−2 month−1)] for 1986–95 (“early”; blue dots) and 2001–10 (“recent”; orange dots) 
in the “CONSTCO2” scenario, ellipses indicate bivariate 95% quantile. Black dots indicate ERA-Interim CON-
STCO2 control simulations for 1979–2015; red dot shows 2016 (means adjusted). Background colors illustrate 
relative changes in the event occurrence probabilities between the early and recent periods (i.e., PR = precent/
pearly) derived from a multivariate normal distribution fitted to both model simulation periods individually.
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