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What is Land Surface Phenology? 
ÅLand surface phenology (LSP) may be defined as the study of the 

timing of recurring cycles of changes in land surface using time 
series of satellite sensor derived vegetation indexes. 

 

ÅThe understanding of LSP and its spatial variation is 
required to reveal and predict ongoing changes in Earth 
system dynamics. 

ÅLSP is a key biological indicator for detecting the response 
of terrestrial ecosystems to climate variation. 

ÅLSP can be directly compared to regional climate 
information.  

 

 

Why Land Surface Phenology? 



Objectives 

I. To model the anomalies in phenology in the entire European forest 
using climatic data. 

II. To reveal new insights into the climatic drivers of anomalies in spring 
and autumn LSP. 

III. To assess  innovative multivariate, spatially non-stationary  and non-
linear machine learning approaches for phenological modelling.  

 



General methodology 

Phenology modelling 

Climatic 
predictors 

computation  

Phenology 
extraction  



Rodriguez-Galiano, V., et al. (2015). "Modelling anomalies 
in the spring and autumn land surface phenology of the 
European forest " Biogeosciences Discuss. 12: 11833-11861. 

ECA&D: European Climate Assessment and 

Data.  

CM SAF: Climate Monitoring Satellite 

Application Facilities.  

SIS: Surface Incoming Shortwave radiation  

DAL: surface radiation DAyLight . 
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Onset on Greenness (OG) 



End of Senescence (EOS) 

Rodriguez-Galiano, V. F., et al. (2015). "Characterising the land surface phenology of Europe using 
decadal MERIS data." Remote Sensing 7(7): 9390-9409. 



Rodriguez-Galiano, V., et al. (2015). "Modelling anomalies 
in the spring and autumn land surface phenology of the 
European forest " Biogeosciences Discuss. 12: 11833-11861. 

ECA&D: European Climate Assessment and 

Data.  

CM SAF: Climate Monitoring Satellite 

Application Facilities.  

SIS: Surface Incoming Shortwave radiation  

DAL: surface radiation DAyLight . 
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Growing degree days (GDD) 



Minimum Temperature  



Radiation  



First freeze 



Chilling  



SIS 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 

1 Anom. 1.00 -0.40 -0.43 -0.11 -0.09 -0.12 -0.10 -0.11 -0.10 0.24 -0.03 -0.03 -0.03 -0.14 -0.04 -0.04 -0.33 -0.16 -0.16 -0.04 -0.06 -0.06 -0.45 -0.46 -0.12 -0.31 -0.03 

2  GDD090 -0.40 1.00 0.93 0.11 0.14 0.11 0.13 0.11 0.15 -0.64 0.00 -0.01 -0.01 0.23 0.01 0.01 -0.12 -0.06 -0.06 0.04 -0.05 -0.05 0.67 0.64 0.18 -0.11 0.05 

3  GDD590 -0.43 0.93 1.00 0.11 0.10 0.11 0.10 0.11 0.11 -0.47 -0.01 -0.01 -0.01 0.16 0.01 0.01 0.03 0.04 0.04 0.06 0.03 0.03 0.74 0.75 0.16 0.03 0.06 

4  MTG30 -0.11 0.11 0.11 1.00 0.99 1.00 0.99 1.00 0.98 -0.05 0.89 0.89 0.89 0.20 0.97 0.96 0.02 0.00 0.00 0.31 -0.01 -0.01 0.17 0.15 0.28 0.07 0.31 

5  MTG90 -0.09 0.14 0.10 0.99 1.00 0.98 1.00 0.99 1.00 -0.13 0.88 0.88 0.88 0.25 0.96 0.96 -0.03 -0.03 -0.03 0.30 -0.04 -0.04 0.10 0.09 0.29 0.02 0.31 

6  MTX30 -0.12 0.11 0.11 1.00 0.98 1.00 0.99 0.99 0.98 -0.04 0.89 0.89 0.88 0.19 0.96 0.96 0.03 0.00 0.00 0.32 -0.01 -0.01 0.18 0.16 0.27 0.08 0.32 

7  MTX90 -0.10 0.13 0.10 0.99 1.00 0.99 1.00 0.99 1.00 -0.11 0.89 0.89 0.89 0.23 0.96 0.96 -0.03 -0.03 -0.03 0.30 -0.04 -0.04 0.10 0.09 0.28 0.02 0.31 

8  MTN30 -0.11 0.11 0.11 1.00 0.99 0.99 0.99 1.00 0.98 -0.06 0.89 0.89 0.89 0.21 0.96 0.96 0.02 0.01 0.01 0.31 0.00 0.00 0.16 0.14 0.29 0.06 0.31 

9  MTN90 -0.10 0.15 0.11 0.98 1.00 0.98 1.00 0.98 1.00 -0.15 0.88 0.88 0.88 0.26 0.96 0.96 -0.04 -0.03 -0.03 0.29 -0.03 -0.03 0.10 0.09 0.30 0.02 0.30 

10  FF 0.24 -0.64 -0.47 -0.05 -0.13 -0.04 -0.11 -0.06 -0.15 1.00 -0.01 0.00 0.00 -0.25 0.00 0.00 0.28 0.11 0.11 0.03 0.06 0.06 -0.24 -0.26 -0.16 0.26 0.01 

11  FF -0.03 0.00 -0.01 0.89 0.88 0.89 0.89 0.89 0.88 -0.01 1.00 1.00 1.00 -0.01 0.88 0.88 -0.04 -0.05 -0.05 0.00 -0.06 -0.06 0.00 -0.01 -0.01 -0.03 0.00 

12  LF -0.03 -0.01 -0.01 0.89 0.88 0.89 0.89 0.89 0.88 0.00 1.00 1.00 1.00 -0.01 0.88 0.88 -0.04 -0.05 -0.05 0.00 -0.06 -0.06 -0.01 -0.01 -0.01 -0.03 0.00 

13  PF -0.03 -0.01 -0.01 0.89 0.88 0.88 0.89 0.89 0.88 0.00 1.00 1.00 1.00 -0.02 0.88 0.88 -0.04 -0.05 -0.05 0.00 -0.06 -0.06 -0.01 -0.01 -0.01 -0.03 0.00 

14  CRR90 -0.14 0.23 0.16 0.20 0.25 0.19 0.23 0.21 0.26 -0.25 -0.01 -0.01 -0.02 1.00 0.20 0.20 0.01 0.06 0.06 0.53 0.04 0.04 0.09 0.07 0.77 0.11 0.58 

15  MRR30 -0.04 0.01 0.01 0.97 0.96 0.96 0.96 0.96 0.96 0.00 0.88 0.88 0.88 0.20 1.00 1.00 0.00 -0.03 -0.03 0.31 -0.03 -0.03 0.03 0.03 0.26 0.05 0.31 

16  MRR90 -0.04 0.01 0.01 0.96 0.96 0.96 0.96 0.96 0.96 0.00 0.88 0.88 0.88 0.20 1.00 1.00 0.00 -0.03 -0.03 0.31 -0.03 -0.03 0.03 0.02 0.26 0.05 0.31 

17  CSIS90 -0.33 -0.12 0.03 0.02 -0.03 0.03 -0.03 0.02 -0.04 0.28 -0.04 -0.04 -0.04 0.01 0.00 0.00 1.00 0.80 0.80 0.16 0.57 0.57 0.22 0.22 0.12 0.96 0.15 

18  MSIS30 -0.16 -0.06 0.04 0.00 -0.03 0.00 -0.03 0.01 -0.03 0.11 -0.05 -0.05 -0.05 0.06 -0.03 -0.03 0.80 1.00 1.00 0.06 0.90 0.90 0.23 0.24 0.15 0.77 0.06 

19  MSIS90 -0.16 -0.06 0.04 0.00 -0.03 0.00 -0.03 0.01 -0.03 0.11 -0.05 -0.05 -0.05 0.06 -0.03 -0.03 0.80 1.00 1.00 0.06 0.90 0.90 0.23 0.24 0.15 0.77 0.06 

20  CDAL90 -0.04 0.04 0.06 0.31 0.30 0.32 0.30 0.31 0.29 0.03 0.00 0.00 0.00 0.53 0.31 0.31 0.16 0.06 0.06 1.00 0.05 0.05 0.11 0.10 0.78 0.28 0.99 

21  MDAL 30 -0.06 -0.05 0.03 -0.01 -0.04 -0.01 -0.04 0.00 -0.03 0.06 -0.06 -0.06 -0.06 0.04 -0.03 -0.03 0.57 0.90 0.90 0.05 1.00 1.00 0.23 0.23 0.13 0.55 0.05 

22  MDAL 90 -0.06 -0.05 0.03 -0.01 -0.04 -0.01 -0.04 0.00 -0.03 0.06 -0.06 -0.06 -0.06 0.04 -0.03 -0.03 0.57 0.90 0.90 0.05 1.00 1.00 0.23 0.23 0.13 0.55 0.05 

23  GDD030 -0.45 0.67 0.74 0.17 0.10 0.18 0.10 0.16 0.10 -0.24 0.00 -0.01 -0.01 0.09 0.03 0.03 0.22 0.23 0.23 0.11 0.23 0.23 1.00 0.97 0.16 0.23 0.11 

24  GDD530 -0.46 0.64 0.75 0.15 0.09 0.16 0.09 0.14 0.09 -0.26 -0.01 -0.01 -0.01 0.07 0.03 0.02 0.22 0.24 0.24 0.10 0.23 0.23 0.97 1.00 0.15 0.24 0.10 

25  CRR30 -0.12 0.18 0.16 0.28 0.29 0.27 0.28 0.29 0.30 -0.16 -0.01 -0.01 -0.01 0.77 0.26 0.26 0.12 0.15 0.15 0.78 0.13 0.13 0.16 0.15 1.00 0.18 0.79 

26  CSIS30 -0.31 -0.11 0.03 0.07 0.02 0.08 0.02 0.06 0.02 0.26 -0.03 -0.03 -0.03 0.11 0.05 0.05 0.96 0.77 0.77 0.28 0.55 0.55 0.23 0.24 0.18 1.00 0.28 

27  CDAL30 -0.03 0.05 0.06 0.31 0.31 0.32 0.31 0.31 0.30 0.01 0.00 0.00 0.00 0.58 0.31 0.31 0.15 0.06 0.06 0.99 0.05 0.05 0.11 0.10 0.79 0.28 1.00 

The names of predictors follows the notation: prefix M and C 

represent the mean and cumulated functions.  

TX, TN and TG: maximum, minimum and average temperature, 

respectively;  

PP: precipitation; SIS: surface incoming shortwave radiation; DAL: 

surface radiation daylight; GDD: growing degree days; CHIL: 

chilling requirements; FF, LF and PF: first, last and  

period  of freeze , respectively . 

Correlations between the predictors used in the modelling of spring anomalies 



The names of predictors follows the notation: prefix M and C 

represent the mean and cumulated functions.  

TX, TN and TG: maximum, minimum and average temperature, 

respectively;  

PP: precipitation; SIS: surface incoming shortwave radiation; DAL: 

surface radiation daylight; GDD: growing degree days; CHIL: 

chilling requirements; FF, LF and PF: first, last and  

period  of freeze , respectively . 

Correlations between the predictors used in the modelling of autumn anomalies 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 

1 Anom. 1 0.10 0.31 0.34 0.33 0.36 0.28 0.30 0.28 0.27 0.26 0.34 0.01 -0.03 0.34 0.07 0.07 0.04 -0.05 -0.05 -0.05 0.00 -0.01 -0.08 -0.08 -0.09 -0.15 

2 OGANO 0.10 1.00 0.06 0.08 0.14 0.16 0.05 0.15 0.02 0.07 0.05 0.19 -0.02 -0.04 0.01 0.02 -0.05 -0.07 0.06 -0.02 -0.02 -0.10 -0.11 0.01 0.01 -0.06 -0.10 

3 GDD030  0.31 0.06 1.00 0.97 0.54 0.58 0.94 0.53 0.88 0.42 0.87 0.62 -0.54 -0.52 0.25 0.09 0.10 0.11 0.03 -0.09 -0.09 -0.01 0.01 -0.22 -0.22 -0.11 -0.22 

4 GDD530  0.34 0.08 0.97 1.00 0.53 0.60 0.86 0.49 0.80 0.37 0.80 0.59 -0.41 -0.40 0.24 0.11 0.11 0.10 0.07 -0.10 -0.10 -0.03 -0.01 -0.23 -0.23 -0.15 -0.25 

5 GDD090  0.33 0.14 0.54 0.53 1.00 0.98 0.49 0.95 0.54 0.90 0.36 0.85 -0.14 -0.24 0.12 0.05 0.13 0.09 -0.15 -0.07 -0.07 0.04 -0.05 -0.14 -0.14 0.08 -0.14 

6 GDD590  0.36 0.16 0.58 0.60 0.98 1.00 0.49 0.92 0.54 0.85 0.37 0.84 -0.10 -0.20 0.14 0.07 0.13 0.09 -0.11 -0.07 -0.07 0.02 -0.06 -0.14 -0.14 0.04 -0.19 

7 MTG30  0.28 0.05 0.94 0.86 0.49 0.49 1.00 0.56 0.93 0.44 0.94 0.63 -0.71 -0.66 0.24 0.04 0.10 0.09 -0.01 -0.02 -0.02 0.02 0.05 -0.13 -0.13 -0.09 -0.17 

8 MTG90 0.30 0.15 0.53 0.49 0.95 0.92 0.56 1.00 0.61 0.93 0.43 0.89 -0.28 -0.36 0.12 -0.01 0.13 0.09 -0.18 0.02 0.02 0.07 -0.01 -0.03 -0.03 0.09 -0.11 

9 MTX30  0.28 0.02 0.88 0.80 0.54 0.54 0.93 0.61 1.00 0.58 0.78 0.60 -0.58 -0.54 0.20 -0.09 0.12 0.07 -0.09 0.03 0.03 0.23 0.14 -0.09 -0.09 0.17 -0.06 

10 MTX90 0.27 0.07 0.42 0.37 0.90 0.85 0.44 0.93 0.58 1.00 0.28 0.73 -0.16 -0.24 0.09 -0.05 0.13 0.05 -0.31 0.02 0.02 0.17 0.07 -0.03 -0.03 0.23 0.07 

11 MTN30  0.26 0.05 0.87 0.80 0.36 0.37 0.94 0.43 0.78 0.28 1.00 0.61 -0.76 -0.70 0.26 0.16 0.08 0.09 0.08 -0.06 -0.06 -0.17 -0.04 -0.14 -0.14 -0.30 -0.24 

12 MTN90 0.34 0.19 0.62 0.59 0.85 0.84 0.63 0.89 0.60 0.73 0.61 1.00 -0.39 -0.48 0.19 0.12 0.13 0.12 0.04 -0.02 -0.02 -0.07 -0.12 -0.06 -0.06 -0.08 -0.31 

13 CHIL30  0.01 -0.02 -0.54 -0.41 -0.14 -0.10 -0.71 -0.28 -0.58 -0.16 -0.76 -0.39 1.00 0.91 -0.08 -0.05 0.00 0.01 -0.05 -0.05 -0.05 0.09 -0.01 -0.01 -0.01 0.17 0.10 

14 CHIL90  -0.03 -0.04 -0.52 -0.40 -0.24 -0.20 -0.66 -0.36 -0.54 -0.24 -0.70 -0.48 0.91 1.00 -0.09 -0.04 0.00 0.01 -0.05 -0.08 -0.08 0.08 0.01 -0.04 -0.04 0.16 0.15 

15 FFN  0.34 0.01 0.25 0.24 0.12 0.14 0.24 0.12 0.20 0.09 0.26 0.19 -0.08 -0.09 1.00 -0.10 0.05 0.04 -0.08 0.01 0.01 0.01 0.07 -0.05 -0.05 -0.08 -0.04 

16 CRR30  0.07 0.02 0.09 0.11 0.05 0.07 0.04 -0.01 -0.09 -0.05 0.16 0.12 -0.05 -0.04 -0.10 1.00 0.12 0.04 0.51 -0.17 -0.17 -0.42 -0.25 -0.12 -0.12 -0.46 -0.25 

17 MRR30  0.07 -0.05 0.10 0.11 0.13 0.13 0.10 0.13 0.12 0.13 0.08 0.13 0.00 0.00 0.05 0.12 1.00 0.47 0.08 -0.03 -0.03 -0.02 -0.03 -0.03 -0.03 -0.02 -0.04 

18 MRR90 0.04 -0.07 0.11 0.10 0.09 0.09 0.09 0.09 0.07 0.05 0.09 0.12 0.01 0.01 0.04 0.04 0.47 1.00 0.06 -0.01 -0.01 -0.02 -0.04 -0.02 -0.02 -0.02 -0.08 

19 CRR90  -0.05 0.06 0.03 0.07 -0.15 -0.11 -0.01 -0.18 -0.09 -0.31 0.08 0.04 -0.05 -0.05 -0.08 0.51 0.08 0.06 1.00 -0.04 -0.05 -0.14 -0.18 -0.05 -0.05 -0.20 -0.39 

20 MSIS30  -0.05 -0.02 -0.09 -0.10 -0.07 -0.07 -0.02 0.02 0.03 0.02 -0.06 -0.02 -0.05 -0.08 0.01 -0.17 -0.03 -0.01 -0.04 1.00 1.00 0.56 0.66 0.88 0.88 0.05 -0.04 

21 MSIS90 -0.05 -0.02 -0.09 -0.10 -0.07 -0.07 -0.02 0.02 0.03 0.02 -0.06 -0.02 -0.05 -0.08 0.01 -0.17 -0.03 -0.01 -0.05 1.00 1.00 0.55 0.66 0.88 0.88 0.05 -0.04 

22 CSIS30  0.00 -0.10 -0.01 -0.03 0.04 0.02 0.02 0.07 0.23 0.17 -0.17 -0.07 0.09 0.08 0.01 -0.42 -0.02 -0.02 -0.14 0.56 0.55 1.00 0.80 0.30 0.30 0.66 0.28 

23 CSIS90  -0.01 -0.11 0.01 -0.01 -0.05 -0.06 0.05 -0.01 0.14 0.07 -0.04 -0.12 -0.01 0.01 0.07 -0.25 -0.03 -0.04 -0.18 0.66 0.66 0.80 1.00 0.31 0.31 0.18 0.40 

24 MDAL 30 -0.08 0.01 -0.22 -0.23 -0.14 -0.14 -0.13 -0.03 -0.09 -0.03 -0.14 -0.06 -0.01 -0.04 -0.05 -0.12 -0.03 -0.02 -0.05 0.88 0.88 0.30 0.31 1.00 1.00 0.05 -0.05 

25 MDAL 90  -0.08 0.01 -0.22 -0.23 -0.14 -0.14 -0.13 -0.03 -0.09 -0.03 -0.14 -0.06 -0.01 -0.04 -0.05 -0.12 -0.03 -0.02 -0.05 0.88 0.88 0.30 0.31 1.00 1.00 0.05 -0.05 

26 CDAL30  -0.09 -0.06 -0.11 -0.15 0.08 0.04 -0.09 0.09 0.17 0.23 -0.30 -0.08 0.17 0.16 -0.08 -0.46 -0.02 -0.02 -0.20 0.05 0.05 0.66 0.18 0.05 0.05 1.00 0.41 

27 CDAL90  -0.15 -0.10 -0.22 -0.25 -0.14 -0.19 -0.17 -0.11 -0.06 0.07 -0.24 -0.31 0.10 0.15 -0.04 -0.25 -0.04 -0.08 -0.39 -0.04 -0.04 0.28 0.40 -0.05 -0.05 0.41 1.00 



Why Random Forest? 

ÅAbility to learn complex patterns, considering nonlinear 
relationships between explanatory and dependent variables. 

ÅGeneralisation ability, hence applicable to incomplete or noisy 
databases. 

Å Integration of different types of data in the analysis due to the 
absence of assumptions about the data used (e.g. normality). 

Å Interpretability of results, since RF allows obtaining patterns for 
a better explanation of a given phenomenon, showing the most 
important variables.  

 

 

 

 



Rodriguez-Galiano, V., et al. (2016). "Modelling anomalies 
in the spring and autumn land surface phenology of the 
European forest " Biogeosciences 13: 3305ï3317. 

ECA&D: European Climate Assessment and 

Data.  

CM SAF: Climate Monitoring Satellite 

Application Facilities.  

SIS: Surface Incoming Shortwave radiation  

DAL: surface radiation DAyLight . 
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Random Forest 

Root  

Intermediate node  

Leave 

Rule 


