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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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Optimise the Sensor Location

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

Flux footprint describes ‘field of view’ of EC system

Location and extent of a flux footprint depends on

e Height of measurement

e Surface properties \

e Atmospheric flow
characteristics (wind \ = variable in time!
speed, wind direction, /

//
turbulence, ...) 4




Flux Footprint Estimates — Why?

¢ Describe main area of influence to EC measurements
Support optimal placement of supplemental
instruments / sensors (e.g. spectrometers)

e 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

e Upscaling
From plot measurement to local or regional scale

Flux Footprint Estimates

Footprint description
n(r) :JRQ,7(r+r')f(r,r')dr'

n: Measured value at r receptor
Qn: Source emission rate at r+r’
R: Domain of integration

f: Transfer function (footprint
function)




Flux Footprint Prediction FFP

Valid for
» Convective to stable atmospheric conditions

* Measurement heights from close to the ground to high
up in planetary boundary layer

convective
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Online Tool - Footprint Climatology

http://footprint.kljun.net

A simple two-dimensional parameterisation for
Flux Footprint Prediction (FFP)
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Online Tool - Footprint Climatology

Flux Footprint Prediction (FFP) online data processing

Home Register Sign out/Data upload )Contact

file and provide latituc

Plaasae salect a fila that follows the guidelines of the femplate (template csv)
Verily the cormect use of error codes, missing data, and order of columns as
described here.

Site name and description

Select a data file fo upload Browse... | No file selected,

Flux tower
Latitude in decimal degree

Longitude in decimal degree

FFP Online Tool - Input

Flux Footprint Prediction (FFP) online data processing

Plaasae salect a fila that follows the guidelines of the femplate (template csv)
Verily the cormect use of error codes, missing data, and order of columns as
described here.

Site name and description

Select a data file fo upload Browse... | No file selected,
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FFP Online Tool - Input

u_mean L sigma_v u_star  wind_dir
999 -149.642 1.5425  0.4604 8.05
-999 -125.734 15944 04774 1996
-999 -122.677 14157 04078 14.58

2) FFP input
To calculate a footprint climatology based on FFP, the input parameters listed below are needed. Upload a

time series of input data as csv-file. The first row is treated as header line. See FFPonline_template.csv for
an example.

=Year
= Month [1-12]
= Day of month [1-31]
= Hour [0-23] or [1-24] — has to be in UTC, NOT local time
= Minutes, for example [0 30]
= Measurement height above ground [m]
= Displacement height [m]
20 = Roughness length [m] - enter [-999] if not known
u_mean =Mean wind speed at zm [ms-1] - enter [-999] if not known
L = Obukhov length [m]
sigma_v = Standard deviation of lateral velocity fluctuations after rotation [m5'1]
u_star = Friction velocity [ms™]
wind_dir =Wind direction in degrees (of 360) for rotation of the footprint

Input parameters available from EC data processing software

FFP Online Tool - Output

You will receive an email with a link to download:

1) Bing or Google map images with footprint climatology

Distance from tower [m
Distance from tower [m]

Distance from tower [m] Distance from tower [m]




FFP Online Tool - Output

2) Land classification maps with footprint climatology

= unsupervised land classification (kmeans) based
on RGB maps (Bing or Google)
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FFP Online Tool - Output

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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FFP Online Tool - Output

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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FFP Online Tool - Output

You will receive an email with a link to download:

4) Footprint matrix to overlay with your own map
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FFP Online Tool - Output

Unsupervised classification in some cases problematic...

All land cover classes

Distance from tower [m]
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FFP Online Tool - Outlook

In progress:

* Combination of approaches for land cover
classification

All land cover classes

Random Forest
Clara
. X-means

C-means

FFP Online Tool - Outlook

In progress:

e Combination of approaches for land cover
classification

* Application of above using RGB imagery and
Sentinel-2 data
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FFP Online Tool - Outlook

In progress:
* Combination of approaches for land cover
classification

* Application of above using RGB imagery and
Sentinel-2 data

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

Example Application FFP

sini
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Scotty Creek, Northern Canada

0 250 500

1000 km

140° W

Ecozones
[ Study region

B 777 Borea zone

25 Tundra
Permafrost zones
B sooracic

[ siscontinuous

.

Integrated footprint
climatology (2014)
(contribution)

* 90 % (wetland tower)
* 90 % (landscape tower)
+ wetland tower

|+ landscape tower

["] permafrost-free bog

I 1ake
[ forested upland
[ for. permafrost plateau

13



Example Application FFP
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Take-Home Message

® Online tool 2D flux footprint parameterisation FFP

v" Simple to apply

v Fast, valid for most atmospheric conditions

v" Provides information for best suitable sensor location
v" Supports interpretation of measurements

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

e Kljun et al. 2015, Geosci. Model Dev. 8, 3695-3713
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e Online tool 2D flux footprint parameterisation FFP
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v Fast, valid for most atmospheric conditions
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® Online Tool access and FFP Code available:
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