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When we talk about climate change, we
often think of global numbers: “1.5°C warming”,
"420 ppm CO,", or “Giga tonnes (GT) of carbon
per year”. But behind these huge figures lies a
simple question:

How do we actually measure the
exchange of greenhouse gases between the
Earth’s surface and the atmosphere?

One of the most powerful answers to this
question is a technique known as eddy covariance
(also referred to as eddy correlation). Over the last
three decades, it has quietly become the
"stethoscope” that scientists use to listen to how
ecosystems  breathe—how  forests, crops,
grasslands, wetlands and even cities exchange
carbon dioxide (CO,), water vapour and other
gases with the atmosphere.

This article introduces the basic concept
of eddy covariance, explaining how it works,
where it is applied, and why it is so important for
understanding and mitigating climate change.

1. Why do we need methods like eddy
covariance?

GHGs such as CO,, CH, and N,O vary
widely by landscape: forests absorb carbon, rice
fields emit methane, fertilized soils emit N,O, and
urban areas release CO,. To mitigate climate
change, we must know where, when, and how
much gas moves in or out of ecosystems.

Traditional bottle sampling or chambers
cover small areas and short intervals. EC fills this

gap by providing continuous, field-scale flux
measurements of gas exchange.

2.What is an “eddy” and what is “covariance”?

Air near the surface is turbulent, forming
swirling parcels called eddies that carry gases
upward or downward. Gas exchange depends on
each eddy's vertical wind speed (w) and gas
concentration (c).

Covariance indicates whether upward
eddies carry more or less gas than average:

Positive covariance — upward eddies
contain more gas — ecosystem is a source

Negative covariance — upward eddies
contain less gas — ecosystem is a sink

Thus, EC calculates gas fluxes using the
covariance of wind velocity and gas
concentrations—essentially “listening” to how
eddies transport gases.
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3. How does an eddy covariance system work
in the field?

EC towers measure wind and gas
concentrations 10-20 times per second over
fields, forests, wetlands, or cities. Core
components include:

e 3D sonic anemometer for wind speed,
direction, and temperature

e Gas analyzers for CO, H,O, CH, and
sometimes N,O

e Data loggers & power systems

e Supporting sensors (radiation, soil
moisture, rainfall)

Data is processed in 30-minute intervals
(coordinate rotation, corrections, quality checks).

Outputs include CO,, CH,, water vapour
(ET), and heat fluxes, enabling daily to annual
carbon and water budgets.

4. Global Use of Eddy Covariance

Hundreds of EC sites exist worldwide
across forests, croplands, grasslands, wetlands,
deserts, lakes, and urban areas. Networks include
FLUXNET, AmeriFlux, 1COS, AsiaFlux, ChinaFlux,
IndiaFlux, and more.

These long-term datasets support:
e Global carbon budget estimation
e Climate and crop model development
e Remote sensing validation

Understanding ecosystem responses to
droughts, heatwaves, and management practices

In India, EC towers help quantify GHG
fluxes from croplands, forests, and wetlands,
especially under water and fertilizer management
practices like AWD in rice.

5.Eddy covariance and greenhouse gas
assessment

EC directly measures Net Ecosystem
Exchange (NEE), the balance between:

e Photosynthesis (uptake)
e Respiration (release)
From NEE, we derive:
e  Gross Primary Production (GPP)
e Ecosystem Respiration (Reco)

This helps determine whether an
ecosystem is a net carbon sink or source, and how
climate extremes alter carbon balance.

6. Beyond CO,: Methane and Other Gases

EC can also measure CH, and
occasionally N,O:

CH, is important in wetlands, rice fields,
and reservoirs.

N,O is episodic and linked to fertilizer
and rainfall; advanced analyzers now capture
some of this variability.

EC provides continuous, integrated fluxes
that complement chambers and inventories.

7. EC in Climate Change Research
Tracking carbon sinks and sources

EC reveals whether ecosystems
strengthen or weaken as carbon sinks under
changing climate (drought, heatwaves, pests,
fires).

Detecting extreme events

EC captures real-time reductions in
photosynthesis or spikes in respiration during
heatwaves, droughts, or storms—critical for
improving climate models.

Evaluating mitigation practices

EC directly tests how land management
(tillage, irrigation, fertilizer practices,
afforestation) affects CO,, CH,, N,O fluxes and
water use.

Linking ground data and satellites

EC fluxes validate and scale up satellite
products (NDVI, SIF, LST), enabling regional-to-
global carbon and water flux estimation.

8. Strengths and Limitations
Strengths

e Direct flux measurement

e High temporal resolution

e Large ecosystem footprint

e Non-destructive, real-time monitoring
Limitations

e High cost and technical complexity

e Requires advanced corrections and
expertise
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e Works best on flat, homogeneous terrain

e Uncertainty under low wind or stable
nights

e CH,and N;O require expensive analyzers

Despite these challenges, improving
technology is expanding EC to cities, mountains,
and new ecosystems.

9. The Road Ahead

As carbon markets, REDD+, nature-based
solutions, and climate-smart agriculture grow, EC
will become even more important.

Applications are expanding to:
e Carbon accounting and verification
e Urban GHG monitoring

e Blue-carbon systems
marshes, seagrass)

(mangroves,

e Machine
integrations

learning and  big-data

For young researchers, EC offers a rich
intersection of micrometeorology, ecology, soil
science, and remote sensing.

10. Conclusion

Eddy covariance provides a clear,
continuous view of how ecosystems “breathe,”
measuring CO,, CH, and water fluxes with high
precision. It helps quantify carbon sinks and
sources, evaluate climate impacts, validate
models, and guide mitigation strategies. In a
warming world, EC remains one of the most
reliable tools for monitoring how the Earth's
surface responds to climate change.
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