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To describe the in-situ NDVI (NDVIis) seasonal variability (Fourier time-series 
analysis) 

To evaluate the performance of NDVIis multi-temporal time series derived from 
radiation measurements and MODIS NDVI (NDVIMD) computed at different 
spatial scales and across different PFTs 

To analyse the site heterogeneity (SHI: Spatial Heterogeneity Indicator) 

To model GPP seasonal variability 
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Performance of in-situ and MODIS NDVI 

 The performance between in situ and MODIS NDVI depends on the MODIS pixel 
aggregation 
 

 The site heterogeneity varies between the different PFTs   
 
 NDVIis performs best when applied as an estimator for GPP but only with the 

boundary condition that all PFT's are pooled 
 
 A specific correlation can be applied to improve the estimation of GPP starting 

growing season for each PFTs 
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Fluxnet sites 

 CRO, DBF and OSH show the highest 
amplitude values of the first 
derivative of NDVIis time-series 
eliciting a large seasonality in NDVIis 
time-series (Left panel: (a) for DBF; 
and (b) for CRO) 

 GRA also present quite high 
amplitude but show a high 
variability across sites 

 Evergreen forest and woody savanna 
represent the lowest amplitude 
values of the first derivative of 
NDVIis time-series and therefore a 
low seasonality in terms of NDVIis 
time-series (Left panel: c-d) 
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Spatial distribution of eddy covariance sites used in this study for which radiation measurements to compute 
NDVIis are available. Different colored dots represent different  plant functional types (PFTs: CRO—Cropland in 
red; DBF—Deciduous Broadleaf Forest in black; ENF—Evergreen Needleleaf Forest in blue; GRA—Grassland in 
azure; OSH—Open shrubland in green; and WSA—Woody Savanna in magenta).  

Parameters estimated by applying the Fourier series method across PFT's on a site  year basis. Average*1000: 
average of first derivative of the NDVIis time-series; Stdev—standard deviation of first derivative of the NDVIis time-
series; Max—maximum of the first derivative of the NDVIis; Min—minimum of the first derivative of the NDVIis; 
Amplitude:  difference between Max and Min of the first derivative of the NDVIis. 

A low amplitude  NDVI time-series presents a 
low variation between its maximum and 
minimum (amplitude)   a low seasonality 

 NDVI presents the best CORR values for deciduous broadleaf forest at 
a 1x1 km spatial resolution (DBF, CORR = 0.70 and RMSE = 0.10); 

 The performances of the evaluation of NDVIis vs. NDVIMD at 1x1 km 
spatial resolution are very comparable for all DBF sites; 

 The goodness of the statistical performance slightly decreases with 
increasing pixel size(i.e. for a 7x7 km spatial resolution the CORR value 
is 0.62 and RMSE 0.11). 

Seasonality of NDVIis time-series analysis: Fourier fitting 

Spatial Heterogeneity Indicator (SHI) 
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 Homogenous site  all 144 pixels are classified in the same 
class by DT classification, SHI = 0.00  & Kurtosis = 9.00 

 For all deciduous and evergreen needleleaf forests SHI is 0.00  
these sites are located in a homogenous area 

  A very high SHI value (e.g. US-Ne1 and US-Ne2)  a large 
spatial variability in the proximity of the eddy covariance tower 
 more than two classes close to the site location 

 A low SHI value  a reduced spatial variability 

Site ID PFT SSQ Kurtosis SHI 
DE-Geb CRO 1.0201 8.697 0.004 
DE-Kli CRO 1.0201 8.933 0.001 
US-ARM CRO 1.0201 7.755 0.018 
US-Bo1 CRO 1.0201 8.995 0.000 
US-Ne1 CRO 1.0201 1.342 0.628 
US-Ne2 CRO 1.0201 0.745 1.219 
DE-Hai DBF 1.0201 9.000 0.000 
US-Bar DBF 1.0201 9.000 0.000 
US-MOz DBF 1.0201 9.000 0.000 
BR-Sa3 EBF 1.0201 7.822 0.017 
CA-NS5 ENF 1.0201 9.000 0.000 
DE-Tha ENF 1.0201 9.000 0.000 
DE-Wet ENF 1.0201 9.000 0.000 
FI-Hyy ENF 1.0201 9.000 0.000 
NL-Loo ENF 1.0201 9.000 0.000 
DE-Meh GRA 1.0201 8.995 0.000 

US-FPe GRA 1.0201 8.967 0.000 

US-Goo GRA 1.0201 8.242 0.010 
CA-NS6 OSH 1.0201 9.000 0.000 
CA-NS7 OSH 1.0201 8.977 0.000 
US-SRM WSA 1.0201 9.000 0.000 

The spatial variability in the surroundings of a flux tower was determined integrating information 
retrieved from a MOD13Q1 image classification (144 pixels, Decision Tree Classification) and the SH 
technique 

NDVI MODIS data: 8-day 500 m surface reflectance product (MOD09G1, collection 5) 
Pixel aggregation: MODIS1x1: 0.5x0.5 km; MODIS3x3: 1.5x1.5 km; MODIS5x5: 2.5x2.5 km; MODIS7x7: 7x7 km. 

 NDVIis at 0.5 km X 0.5 km shows a better performance in predicting the state of the 
GPP season; 

 Both in situ and MODIS NDVI predict later the start of the GPP season. 

GPP seasonality 

  N.obs R2 RMSE NMB Slope Y-int R2cv RMSEcv 
    (-) (day) (day) (-) (day) (-) (day) 

in-situ 44 0.53* 27.78 -0.009 -21.28 0.80 0.53 27.89 
MODIS 44 0.34* 32.90 -0.010 -23.30 0.74 0.34 32.87 
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