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• Applications of the eddy covariance method

• Flux footprint

• Experimental design

Outline



• Carbon cycle

• Water cycle

• Energy flow

Applications of the Eddy Covariance Method
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The Hydrological Cycle

Trenberth et al., 2007. Journal of Hydrometeorology, 8: 758-769. 

http://www.ucar.edu/news/people/Dai/hydrocycle.jpg


Trenberth et al., 2009, Bulletin of the American Meteorological Society, 90, 311-324



Does this Ecosystem 
absorb more carbon 
than it releases?

Or release more 
carbon than it 
absorbs?

Ecological Research



Ecological Research
Past and present EC sites: 2029
Known discontinued EC sites: 608 
Date updated: Feb 21, 2019 

George Burba, 2019, Illustrative Maps of Past and Present Eddy Covariance Measurement 

Locations: I. Early Update. DOI  - 10.13140/RG.2.2.25992.67844/1



Major Flux Network Links

http://fluxnet.org/about/regional-networks/

https://fluxnet.org/about/regional-networks/


Agricultural Research

▪ Carbon sink capacity
▪ Water use efficiency
▪ Irrigation scheduling
▪ Bioful production



Wetland Research

Methane release?
Carbon balance? 
Evapotranspiration?



The Everglades, Florida, USA

Wetland Research



Deforestation and land clearing

Land Managements



Water losses through Evapotranspiration?
• Agricultural Irrigation needs.
• Human demands for water. 
• To protect endangered aquatic species.

Water Management



Urban Studies



Fluxes over Sea and Lake

Miller S. D. 2010. Ship-based measurement 
of air-sea CO2 exchange by eddy-covariance. 
J of Geophy. Res. 115:D02304, doi: 
10.1029/2009JD012193. 



VISUALIZATION OF CONCEPT

Modelling and Remote Sensing 



Research objective

Instrument selection

System integration and data logging 

Site location 

Site biological and meteorological information 

Tower and power supply

Operation and maintenance 

Experimental Design



Flux footprint is an upwind area "seen" by the instruments

VISUALIZATION OF CONCEPT

wind

Flux Footprint



0
50

100
150



200 -500 m

Wind Directions

Flux Footprint

http://www.licor.com/env/pdf/eddy_covariance/Gill-WindMaster-Spec-Sheet.pdf
http://www.licor.com/env/products/eddy_covariance/LI-7500A


Flux Footprint vs. Fetch

http://www.licor.com/env/pdf/eddy_covariance/Gill-WindMaster-Spec-Sheet.pdf
http://www.licor.com/env/products/eddy_covariance/LI-7500A


Factors Affecting Flux Footprint

FLUX FOOTPRINTDEPENDSON:

Measurement height
Surface roughness
Atmospheric stability

SIZEOF FOOTPRINT INCREASESWITH:

Increased measurement height
Decreased surface roughness
Change in stability from unstable to stable



1D Flux Footprint
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Fetch Requirement

http://www.licor.com/env/products/eddy_covariance/LI-7500A


Tower Location

Footprint Radius ≈ 100 x Measurement Height 

http://www.licor.com/env/products/eddy_covariance/LI-7500A


Prevailing Wind Direction and Wind Rose



Useful Web Site for Wind Rose around the World 

http://mesonet.agron.iastate.edu/sites/locate.php

http://mesonet.agron.iastate.edu/sites/locate.php
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Omni-Directional Alignment



C-Clamp Alignment

Prevailing Wind

Directions



provide less data
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Open- and Closed- Path Systems

Open-path Closed-path



Open-path Closed-path

Power consumption

Pump requirement 

Data loss due to precipitation     

8 - 12 W

MinimalMinor

YesNo

40 W

Open-Path vs. Closed-Path



• Ecosystem type and research objective

• Power supply 

• Weather conditions

Gas Analyzer Selection
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Net
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Flux
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Biomet system for EC Data Quality Control, Interpretation and Gap-Fill

BIOMET

http://jeux.licor.com/env/pdf/eddy_covariance/biomet/HMP155-Datasheet-B210752EN-D-LOW-v4.pdf


Li-Cor solar power system

Solar Power System Design



Tower Setup and Instruments Mounting

Li-Cor Heavy Duty

Adjustable Tripod



System Integration and Data Collection

Weather
Stations



System Operation and Maintenance 

Changing internal chemicals 

Calibrating



Thank You!

Questions?


