
Eddy Covariance
The

Method
Used for a variety of applications, including:  
Ecosystem Gas Exchange, Climate Change Research, 
Evapotranspiration, Agricultural Research, Carbon  
Sequestration, Landfill Emissions, Oceanography,  
and Urban Flux
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Why use the eddy covariance method? 
Since the late 1980’s, the eddy covariance method has been widely used by micrometeorologists, 
ecologists, soil scientists, and other environmental scientists. This method uses the turbulent transport 
theory in the surface layer of the atmosphere, and estimates gas and energy fluxes from the covariance 
between vertical wind speed and the gas concentration at a measured height above the surface. With 
eddy covariance, scientists can directly measure the exchange of various gases and energy between 
the atmosphere and the underlying surface. Examples include managed and unmanaged ecosystems, 
landfills, oceans, and urban areas.

Advantages of eddy covariance
 ■ In situ and direct measurements of gas and energy fluxes between the atmosphere and  

underlying surface 

 ■ No disturbance to the surface, and measured fluxes are spatially averaged over a large  
area in the upwind direction (footprint area)

 ■ Capable of automated and continuous long-term measurements 

Covariance is calculated by high speed measurements of vertical wind speed and the gas concentra-
tions, typically averaged over a period of 30 minutes. High speed, high precision instruments are critical 
for rapid measurement of small changes in the air samples to accurately determine the flux.
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Eddy Covariance Systems:
A typical eddy covariance installation includes a CO2/H2O gas analyzer, 3-dimensional sonic anemometer, 
data storage unit, and power supply. With the recent development of a low power, high precision CH4  
analyzer, many researchers are now integrating methane measurements into their eddy covariance stations. 

CO2/H2O Analyzer

Water vapor and carbon dioxide are the two most important  
greenhouse gases affecting global climate change. Fluxes of both of 
these gases can be measured directly, using the eddy  
covariance method. 

Carbon dioxide flux measurements can be used to determine carbon 
budgets over natural, agricultural and urban ecosystems, as well as 
over industrial areas such as sequestration lands, landfills, feedlots, 
etc. These data can also be used to refine models of the global 
carbon cycle, to estimate carbon emissions or credits, or to verify 
compliance with regulations for carbon emissions. 

Water vapor flux measurements are critical for water management, 
irrigation, and hydrological applications, agricultural and climate  
modeling, remote sensing verification, and for applications in  
precision agriculture. Water vapor is also important for computing 
eddy covariance fluxes of other atmospheric gases because it  
affects the measured densities of the gases, such as CO2 and CH4.
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Instrument Mounting

It is important to select the appropriate 
structure for mounting eddy covariance 
instrumentation. Tripods and towers are  
the most common structures for this  
application. In general, tripods are used for 
canopies shorter than 2 meters. Towers are 
used for canopies greater than 2 meters. 
Tripods and towers should have certified 
testing performed, such as wind load test-
ing, to be deemed safe for instrumentation 
mounting and usage.

Power Supply

The electrical grid does not extend 
into most natural and agricultural 
environments. Instead, small  
photovoltaic power systems are  
often used to power eddy  
covariance systems. A well- 
designed photovoltaic power  
system can deliver continuous 
power to an eddy covariance 
system year-round, even in cloudy 
regions. 

Additional Sensors

Eddy covariance systems should use  
additional sensors to provide supporting  
meteorological data. This data can be used 
for: QA/QC through energy balance, describ-
ing environmental impacts on ecosystems, 
improving flux calculations, and gap-filling for 
missing flux data. Meteorological  
instrumentation suites typically include: net 
radiometer, quantum sensor, pyranometer, 
shielded humidity and temperature probes, 
precipitation gauge, soil heat flux plates, and 
soil moisture and soil temperature probes. A 
data logger is typically used to monitor and 
record the information.

For use with:

• LI-7200 CO2/H2O Analyzer

• LI-7500A CO2/H2O

• LI-7700 CH4 Analyzer
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Open Path CH4 Analyzer

Methane is recognized as the third most  
important greenhouse gas, after H2O and CO2. 
Low power open-path CH4 analyzers make it 
possible to measure methane fluxes in regions 
not serviced by grid power. This is important 
because in many remote regions methane  
dynamics are still not understood nearly as 
well as those of CO2 and H2O.

Especially understudied are important  
methane-producing areas such as permafrost 
regions, rice fields, feed lots, and landfills. 
Widespread methane flux measurements are 
now possible and are needed in order to  
understand sources and sinks of atmospheric 
methane around the globe. 

Data Storage

Eddy covariance instruments generate large 
amounts of data. For example, a raw data file 
collected over a period of 24 hours can be as 
large as 200 MB. A system that can compress 
and store large data files can be very helpful in 
remote areas. Units that can output data over 
the Ethernet, and/or store large data files, can 
make it possible to store several months of 
raw data.

Sonic Anemometer

Vertical wind speed is a critical component  
of the eddy covariance method. When  
computing fluxes, the covariance between the 
vertical wind speed and gas concentration or 
air temperature is calculated. The sonic  
anemometer not only measures 3-D wind 
speed, it also measures sonic temperature.



Data Files

Eddy covariance data sets are typically logged at 10 Hz (10 samples per second).
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Data Collection and Processing Software

Figure 1. Eddy covariance instruments are 
most often configured through Windows® 
software, with live data visible in the 
charting windows.

Windows® interface software provides access to basic and advanced configuration options, as well as 
graphing of live data streams. The software allows you to: 

 ■ Configure the sampling rate 
 ■ Configure auxiliary sensor inputs 
 ■ Select variables to log 
 ■ Collect site information (metadata)

 ■ Collect meteorological site data
 ■ Set up automatic downloads and data 

compression

Time u (m s-1) v (m s-1) w (m s-1) T (ºC) CO2  (mmol m-3) H2O (mmol m-3) CH4 (μmol m-3)

00:00.0 -4.20 -0.40 0.20 16.27 15.863 508.301 72.685

00:00.1 -4.80 -0.92 -0.09 16.24 15.864 509.473 72.810

00:00.2 -4.49 -1.09 -1.10 16.35 15.857 512.012 73.260

00:00.3 -4.39 -1.38 -0.85 16.32 15.856 511.914 73.235

00:00.4 -4.33 -1.96 -0.99 16.19 15.860 511.230 73.385

00:00.5 -3.52 -1.79 -1.07 16.03 15.863 509.961 72.810

00:00.6 -3.34 -2.35 -0.97 16.14 15.866 508.594 72.460

u – horizontal wind speed (m s-1) 
v – lateral wind speed (m s-1) 

w – vertical wind speed (m s-1) 
T – sonic temperature (ºC)

Table 1. Example of formatted data file.

Chart

Data Logging



Flux Computation Software

Processing eddy covariance data involves many steps including despiking, coordinate rotation, sensor 
separation correction, density correction and other QA/QC operations. Several software programs are 
available to process eddy covariance data for gases, energy, and momentum fluxes. EddyPro™ is an 
example of an eddy covariance flux processing software that generates several data output and  
statistical files. 

Final Fluxes

Output from EddyPro contains flux values ready for publication.
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Figure 3. Methane, carbon dioxide, and latent heat (LE) fluxes measured with the eddy covariance technique over 
the Florida Everglades. These data are a subset of a 6 week data set collected during the winter of 2008 and 
2009, at 3.5 m height, using an LI-7500 Open Path CO2/H2O Analyzer and an LI-7700 Open Path CH4 Analyzer. 
They show negative daytime CO2 fluxes, but positive CH4 and LE fluxes, demonstrating that this ecosystem is 
a sink of carbon dioxide, as expected due to photosynthesis of the canopy, and a source of methane and water 
vapor, as expected for this type of wetland.

EddyPro

EddyPro™ is an open source software  
application developed, maintained and  
supported by LI-COR Biosciences. It  
originates from ECO2S, the Eddy COvariance 
COmmunity Software project, which was 
developed as part of the Infrastructure for 
Measurement of the European Carbon Cycle 
(IMECC-EU) research project. We gratefully 
acknowledge the IMECC consortium, the 
ECO2S development team, the University of 
Tuscia (Italy) and scientists around the world 
who assisted with development and testing 
of the original version of this software. 

EddyPro - [Project_untitled]
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The LI-COR board of directors would like to take this oppor-
tunity to return thanks to God for His merciful providence 
in allowing LI-COR to develop and commercialize products, 
through the collective effort of dedicated employees, that 
enable the examination of the wonders of His works.

“Trust in the LORD with all your heart and do not lean on 
your own understanding. In all your ways acknowledge 
Him, and He will make your paths straight.”

— Proverbs 3:5,6

A Brief Practical Guide to Eddy Covariance Flux Measurements (Burba and Anderson, 2010) 
is a resource for anyone considering using eddy covariance to measure the transport of 
gases, water vapor and energy between the surface and the atmosphere.

The content was developed as an introduction for researchers who wish to know more about 
eddy covariance and how to properly make these measurements. It emphasizes the general 
principles, requirements, applications, and steps of the eddy covariance method – from de-
ploying equipment through processing data. Additional information is provided on frequently 
overlooked details and concepts of eddy covariance measurements. 

A Brief Practical Guide to Eddy Covariance Flux Measurements is available in two versions: a 
free electronic version in Adobe PDF format, and a softbound printed version.

To access both versions of the book please go to:  
www.licor.com/EC

Webinars cover a variety of related topics, including details on the eddy covariance theory, 
system design and instrumentation, and processing flux data.

www.licor.com/env/webinars

A Brief Practical Guide to Eddy Covariance Flux Measurements

The Eddy Covariance Method: An educational webinar series

Additional Resources:


