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Figure S1. Climate diagrams for Sierra Nevada and Sierra de Guadarrama study sites. 

Climate estimated in accordance with the Section 2.4. 

  



Appendix B 

B.1. Methodology 

In order to analyze the effect of competition on growth, we first fitted a simple linear 

regression for each tree (eq. S1) that relates age (as predictor variable) with the BAI of 

each year (as response variable) omitting the juvenile growth phase (first 15 years of 

life). Then we fitted a multiple linear regression (eq. S2) for each site, in which the 

response variable is the slopes (b) of the eq. S1. 

yij = ai + bixij + εij     (S1) 

where yij represents BAI for tree i and year j, ai is the intercept for tree i, bi is the slope 

of the regression for tree i, xij is the age of the tree i in the year j and εij is the error. 

bi = a + βzi + εi     (S2) 

where bi is the slope of the eq. S1 for the tree i, a is the intercept, β is the vector of 

multiple linear regression coefficients, zi is the vector of predictors and εi is the error. 

The variables considered predictors included: plot basal area (BA), plot density, 

DBHcored, age of the trees when they were cored, altitude, aspect (calculated as the 

cosine of the magnetic bearing; +1 and -1 correspond to north and south, respectively) 

and terrain slope. To identify the best-supported model we constructed all possible 

combinations of alternative models in which one of the competition variables (BA or 

density) appears. We selected the best model by minimizing the Akaike Information 

Criterion (AIC). The existence of multicollinearity among explanatory variables was 

evaluated by calculating the variance inflation factor (VIF) (Dormann et al., 2013), 

which was always lower than 2. The models and their VIF were obtained with the 

MASS (Venables and Riplley, 2002) and car (Fox and Weisberg, 2011) packages in R, 

respectively. 

 



B.2. Results 

In the Table S1 are showed the predictor coefficients of the final model adjusted to the 

eq. S2. Only results for Sierra de Guadarrama are shown since the aim of this analysis 

was to explain the influence of competition in the decreasing trend of growth observed 

in this site (Fig. 4b).  

 

Table S1. Statistics of the linear regression fitted to slopes of the growth trends 

(coefficient of the linear regressions that relates age of the trees to the BAI of each year) 

of Scots pine trees sampled at Sierra de Guadarrama site. Predictor variables were 

standardized before fitting the model. 

 
Coefficient Standard error p-value 

Intercept -0.251 0.086 0.008 

BA -0.240 0.095 0.019 

Aspect 0.246 0.094 0.016 

Age 0.223 0.097 0.031 
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