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ECOPROPHET
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Why is it important?

Important to know what are EC towers measuring

Affects measurements in general

Representativeness

Energy balance closure

142 P.C. Stoy et al. / Agricultural and Forest Meteorology 171– 172 (2013) 137– 152
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Fig. 5. The relationship between the cumulative sum of available energy (net radi-
ation, Rn minus soil heat flux, G) and the cumulative sum of surface fluxes of latent
heat (�E) and sensible heat (H) for each of the 173 research sites in the FLUXNET
database for which all four variables are measured and sum to a positive value. The
slope of the best-fit linear relationship, in black, is 0.82 (±0.035) and the intercept
is  57 (±261) MJ  m−2 for the measurement record of each site. The 1:1 relationship
is  shown as a black dashed line.

included �2(EVI), mean precipitation, landscape-level variability
in elevation, and an interaction term between �2(EVI) and mean
precipitation. A model with only �2(EVI) and mean precipitation
had the lowest value of the Bayesian information criterion.

4. Discussion

4.1. Instantaneous energy balance closure

More energy (i.e. REB,i) goes missing during periods with bet-
ter relative energy balance closure, which tend to occur during
daytime (Fig. 4, Hendricks Franssen et al., 2010; Wilson et al.,
2002). Research on energy balance closure and surface atmosphere
exchange should continue to focus on the challenges presented by
both daytime and nighttime conditions. However, as more energy
goes missing during daytime periods (when more energy is avail-
able), breakthroughs in understanding the energy balance closure
problem will likely come with a focus on daytime periods. We  also
note that mornings tend to have slightly worse CEB,i (Fig. 3) and
higher REB,i (data not shown) when G and the storage terms that
contribute to J tend to be positive rather than later in the afternoon
when G and J have peaked or are decreasing (Hendricks Franssen
et al., 2010; Leuning et al., 2012), demonstrating the importance of
accounting for storage terms in the energy balance. Median CEB,i is
only ca.  0.8 during near-neutral conditions and decreases to nearly
0.7 during highly unstable conditions (Fig. 4; Aubinet et al., 2000;
Hendricks Franssen et al., 2010). In other words, periods domi-
nated by the convective production of turbulent kinetic energy,
often characterized by larger eddies, have lower energy balance
closure on average.

4.2. Energy balance closure per FLUXNET site

Mean CEB,s of the 173 FLUXNET sites investigated here (0.84)
is of a similar magnitude to many previous multi-site synthesis
(0.79, ranging from 0.53 to 0.99 (Wilson et al., 2002); 0.84, ran-
ging from 0.58 to 1 (Li et al., 2005; Yu et al., 2006)) if not slightly
worse than other syntheses (0.85–0.89, Barr et al., 2006). G may  be

Fig. 6. The MODIS MCD12Q1 plant functional type (PFT) for the 20 × 20 km area
surrounding the Hainich deciduous broadleaf forest, Germany for 2006 (A) and the
MODIS MOD13Q1 enhanced vegetation index (EVI) for the same area, measured on
DOY  177, 2005 (B). The eddy covariance tower site is at the center point of both
scenes. The legend for subpanel A follows the MODIS PFT convention. The entropy
of  plant functional type, I(PFT), for Fig. 5A is 0.90 and the variance of EVI, �2(EVI), of
Fig.  5B is 8.6 × 10−3.
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Fig. 7. Energy balance closure for FLUXNET eddy covariance research sites (CEB,s)
as  a function of the variance of the MODIS enhanced vegetation index (EVI) for
the 20 × 20 km region surrounding each eddy covariance tower and averaged per
ecosystem type. The solid line is the best-fit relationship after removing wetland
ecosystem types and is defined as CEB,s = −14.76�(�2

EVI
) + 0.99. Excluding wetland

sites (circled) results in a squared correlation coefficient of 0.54.

(Stoy et al, Agriculture and Forest Meteorology (2013))
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Assessing heterogeneity

Studied variable: NDVI
Main assumptions:

NDVI: relevant determinant of fluxes

Homogeneous areas exhibit lower NDVI variability

Heterogeneous areas exhibit low spatial autocorrelation
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Proba-V and S2: opportunity

Proba-V

Spatial resolution: 100 m
Frequency: 5 days

Sentinel-2

Spatial resolution: 20 m
Frequency: 5 days (Equator, 2
satellites)

NDVI (Proba-V) - 2016-06-06 NDVI (S2) - 2016-06-07 Real color view

(PROBA-V Mission Explotation Platform: https://proba-v-mep.esa.int)
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Objective

General

to investigate the heterogeneity of the landscape at different points in
time and over different spatial extents around EC measurement sites
on the basis of multidate NDVI derived from Proba-V and S2
observations

The overall purpose: to better characterize EC sites used in val/cal
models
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Spatial extent of analysis

a b (100 ha) c (25 ha) d (4 ha)

Miguel Barrios et al (RMIB) Heterogeneity with S2 and Proba-V SPIE Remote Sensing 2018 9 / 23



Methods

Central tendency and dispersion statistics
Mean Spatial Heterogeneity Index (SHI):

SHIij =
1∑

a=−1

1∑
b=−1

|NDVI (i , j)− NDVI (i + a, j + b)| (1)

MeanSHI =
1

m.n

m−1∑
i=1

n−1∑
j=1

SHIij (2)

fitting semi-variogram

2016-07-20 2017-05-06
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Study sites
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Study sites (2)

Brasschaat Lochristi Lonzee

Maasmechelen Dorinne Vielsalm

Figure: Real-color views of study sites extracted from GoogleEarth
TM
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Results

Brasschaat

Figure: Histograms for winter and summer NDVI images at Brasschaat and
Lonzee
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Results

Lonzee

Figure: Histograms for winter and summer NDVI images at Brasschaat and
Lonzee
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Results (SHI)

Maasmechelen Dorinne

extent: 4 ha

extent: 25 ha

extent: 100 ha

Figure: Aggregated value of SHI for different dates in Mechelen and Dorinne
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Results

Maasmechelen

 

13 
 

 

Figure 6. Boxplot of Spatial Heterogeneity Index values for different dates across 100 hectares 

sourrounding the Maasmechelen flux tower. 

Figure 7. NDVI images for different dates in 2016 and 2017 across an area of 100 hectares around 

the Maasmechelen flux tower. 

 

 

The changes in heterogeneity can be captured as well when deriving semi-variograms for different 

dates. Figure 8 shows fitted semi-variograms for the study sites in Belgium. The semi-variograms of 

Lonzee and Dorinne denote poor or inexistent spatial correlation. This is an indicator of high 

heterogeneity. The other sites showed different degrees of heterogeneity as it can be derived from 

the value of the sill: a higher sill indicates more variability within a certain distance which can be 

associated to higher heterogeneity. 

2016-03-12 2016-04-11 2016-04-28 2016-05-08 2016-06-10 2016-07-20 2016-08-16 

2017-03-14 2017-03-27 2017-05-06 2017-05-26 2017-07-22 2017-08-19 

Figure: NDVI images for different dates in 2016 and 2017 across an area of 100
hectares around the Maasmechelen EC measurement site

Miguel Barrios et al (RMIB) Heterogeneity with S2 and Proba-V SPIE Remote Sensing 2018 16 / 23



Lochristi Brasschaat Lonzee

Maasmechelen Dorinne Vielsalm

Figure: variograms for different sites over the NDVI images of the study sites
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Directional variograms

Lonzee

2017-02-15 2017-07-07

90o 120o

0o 45o

90o 120o

0o 45o
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Proba-V Sentinel2
Mean IQR Mean IQR

Brasschaat

Lonzee

Vielsalm

A=25 ha; B=100 ha; C=400 ha; D=1600 ha; E=Footprint climatology; F=MSG
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Figure: Scatterplot of NDVI mean and Interquartile Range (IQR) as derived from
Proba-V and Sentinel2
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Semi-variogram Sill versus IQR

Brasschaat Lonzee Vielsalm

EC sites classification based on Mean NDVI IQR derived from Proba-V NDVI (100 m resolution)
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Conclusions

S2 and Proba-V NDVI: valuable resource to investigate spatial
heterogeneity in the vicinity of flux measurement stations

S2 and Proba-V can be used synergetically at global or continental
scale

First order statistics: insigth on NDVI variability across a certain area.
No spatial structure.

SHI: overview of time varying heterogeneity assessed when comparing
adjacent neighbours only

Semi-variograms: a more versatile tool. Different lag-distances and
orientations can be considered

Different approaches complement each other

The next step:

Investigate the impact of NDVI spatio-temporal variability in
measured/modelled fluxes
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