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We present FFPonline, a data processing tool initiated at the COST Optimise 

Footprint Modelling Expert Workshop at Innsbruck University in February 2017. 

One of the main themes of OPTIMISE is linking eddy covariance (EC) flux 

measurements of, for example, carbon dioxide or water vapour with proximal 

optical sensing data. The key challenge in this context is the difference between 

the flux footprint of EC measurements, i.e. the area from which the measured flux 

originates, and the field-of-view of proximal sensing measurements. The footprint 

of EC measurements is typically hundreds of meters and is variable in time due 

to changing environmental conditions, while the field-of-view of proximal sensing 

measurements is a few meters and fixed in time. Placing proximal sensing 

instruments such that an area is sampled that contributes most to the flux 

footprint is hence of utter importance for interpretation of the collected data. 

The footprint tool aims to support optimal placement of fixed spectrometers for 

continuous spectral information acquisition at EC sites and also supports 

combination of EC measurements with UAV-based spectral data. 

FFPonline (http://footprint.kljun.net/ffp2d.html) allows uploading a time series of 

environmental data. For each time step of the input data, a footprint is calculated. 

The footprints for the time series are then aggregated to a so-called footprint 

climatology. The tool also derives an unsupervised land-cover classification for 

the footprint area based on a RGB and a Sentinel 2 map and overlays the 

footprint climatology with the land-cover classification. The key output is a 

graphical and tabular representation of what land-cover type contributes most to 

the measured fluxes and the location of the pixels for optimal proximal sensor 

placement.  
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COST Optimise
Footprint Modelling Expert Workshop 
Dept. of Ecology, Innsbruck University, Feb 2017

Flux footprint describes ‘field of view’ of EC system

Location and extent of a flux footprint depends on

• Height of measurement

• Surface properties

• Atmospheric flow 

characteristics (wind 

speed, wind direction, 

turbulence, ...)

 variable in time!
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• Describe main area of influence to EC measurements
Support optimal placement of supplemental 
instruments / sensors (e.g. spectrometers)

• Flux time series interpretation
Variability in flux introduced by shifts in field of view 
When does spectrometer probe same area as EC?

• Representativeness
Mean composition of land cover that is probed

• Upscaling
From plot measurement to local or regional scale

Footprint description

: Measured value at r

Q: Source emission rate at r+r’

R: Domain of integration

f: Transfer function (footprint 

function)
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Valid for 
• Convective to stable atmospheric conditions

• Measurement heights from close to the ground to high 
up in planetary boundary layer
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Kljun, N., P. Calanca, M.W. Rotach, H.P. Schmid, 2015 
Geosci. Model Dev., 8, 3695‐3713

July 2011

May 2011

Norunda 
(ICOS Sweden)

200 m

zm = 33 m

500 m

zm = 97 m



5

http://footprint.kljun.net
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Input parameters available from EC data processing software

You will receive an email with a link to download:

1) Bing or Google map images with footprint climatology
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2) Land classification maps with footprint climatology

 unsupervised land classification (kmeans) based 
on RGB maps (Bing or Google)
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You will receive an email with a link to download:

3) Summary table with relative contribution of each land 
cover class to measured flux (footprint‐weighted)
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You will receive an email with a link to download:

3) Summary table with relative contribution of each land 
cover class to measured flux (footprint‐weighted)

Area
Class=1

footprint-weighted
Class=2

footprint-weighted
Class=3

footprint-weighted
Class=4

footprint-weighted
Class=5

footprint-weighted

10% 0.927 0.073 0 0 0

20% 0.717 0.283 0 0 0

30% 0.687 0.313 0 0 0

40% 0.679 0.321 0 0 0

50% 0.648 0.352 0 0 0

60% 0.619 0.378 0 0.003 0

70% 0.592 0.398 0.004 0.006 0

80% 0.567 0.421 0.004 0.009 0

90% 0.537 0.441 0.003 0.018 0.001

Domain 0.526 0.438 0.004 0.03 0.003
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You will receive an email with a link to download:

4) Footprint matrix to overlay with your own map

Unsupervised classification in some cases problematic...
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In progress:

• Combination of approaches for land cover 
classification

k‐means
Random Forest
Clara
X‐means
C‐means

In progress:

• Combination of approaches for land cover 
classification

• Application of above using RGB imagery and 
Sentinel‐2 data

Bing                      Sentinel‐2 (@10 m)       Sentinel‐2 (@20 m)
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In progress:

• Combination of approaches for land cover 
classification

• Application of above using RGB imagery and 
Sentinel‐2 data

• Selection of imagery depending on time stamp of 
your input data

Collaboration with University of 
Montreal, Wilfrid Laurier University 
(Canada), Universities of Alaska 
Fairbanks, Wisconsin‐Madison (USA)
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• Permafrost 
thawing

• Expansion of 
permafrost‐free 
wetlands

• Declining tree 
cover, i.e. partial 
loss of boreal 
forest
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Large decrease in 
turbulent sensible 
heat flux

Regional cooling 
effect due to 
boreal forest loss

Helbig et al. 2016
GCB 22, 4048‐4066
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Helbig et al. 2017, GCB 23, 2413‐2427
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 Simple to apply

 Fast, valid for most atmospheric conditions

 Provides information for best suitable sensor location

 Supports interpretation of measurements

• Online tool 2D flux footprint parameterisation FFP

•Online Tool access and FFP Code available:  
http://footprint.kljun.net

• Kljun et al. 2015, Geosci. Model Dev. 8, 3695–3713

 Simple to apply

 Fast, valid for most atmospheric conditions

 Provides information for best suitable sensor location

 Supports interpretation of measurements

• Online tool 2D flux footprint parameterisation FFP

•Online Tool access and FFP Code available:  
http://footprint.kljun.net
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