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At the end of this session, you should be able to:

1. Classify the main types of chambers used to measure GHG fluxes 

2. Explain the measurement principle behind each type of chamber

3. List pros & cons of using the chamber technique

Objectives
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General context:  soil GHG emissions

IPCC, 2013 (WGI, AR5, Chapter 6)

(1 Pg C = 1015 g C)

Carbon
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General context:  soil GHG emissions

IPCC, 2013 (WGI, AR5, Chapter 6)

CH4

(1 Tg C = 1012 g C)
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General context:  soil GHG emissions

IPCC, 2013 (WGI, AR5, Chapter 6)

CH4

(1 Tg C = 1012 g C)

N2O



Chamber types

Measurement principle:

• Closed/static chambers

• Dynamic chambers

Operational mode:

• Manual chambers

• Automatic chambers
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Chamber types: Closed/static chambers
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• Non-steady state  ambient conditions vary
• Measurement target is enclosed within the chamber volume
• Based on the Δgas (CO2, CH4 or N2O) over time

Soil

CO2

CH4

N2O

Butterbach Bahl et al 2016. Springer

𝐹𝑐 =
𝑑𝐶

𝑑𝑡

𝑃 𝑉

𝑅 𝑇 𝐴Fc (µmol m-2 s-1)
dC/dt (µmol/mol dry air)
P (Pa)
V (m3) = collar + chamber
R (8.314 J mol-1 K-1)
T (K)
A (m2)

-1



Chamber types: Closed/static chambers
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Chamber types: Closed/static chambers
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• Non-steady state  ambient conditions vary
• Measurement target is enclosed within the chamber volume
• Based on the Δgas (CO2, CH4 or N2O) over time

Soil

CO2

𝐹𝑐 =
𝑑𝐶

𝑑𝑡

𝑃 𝑉

𝑅 𝑇 𝐴

López-Ballesteros, 2017 



Flux calculation: Linear fit vs Polynomial fit

Koskinen et al. 2014 Biogesciences

Chamber types: Closed/static chambers
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𝐶 𝑡 = 𝑎𝑡2 + 𝑏𝑡 + 𝑐

𝑑𝐶

𝑑𝑡
= 2𝑎𝑡 + 𝑏

𝐶 𝑡 = 𝑎𝑡 + 𝑏

𝑑𝐶

𝑑𝑡
= 𝑎

Minimum 
disturbance
Time=t=0

𝐹𝑐 =
𝑑𝐶

𝑑𝑡

𝑃 𝑉

𝑅 𝑇 𝐴
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Chamber types: Dynamic chambers

• Steady state  ambient conditions vary
• Measurement target is not totally enclosed. There a known gas flow through 

the chamber
• Based on the Δgas concentration (CO2, CH4 or N2O) between the inlet and 

outlet

Soil

CO2

CH4

N2O

𝐹𝑐 =
𝐶2𝑞2−𝐶1𝑞1

𝐴

Inlet
C1   q1

Outlet
C2 q2
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Chamber types: Dynamic chambers

• Steady state  ambient conditions vary
• Measurement target is not totally enclosed. There a known gas flow through 

the chamber
• Based on the Δgas concentration (CO2, CH4 or N2O) between the inlet and 

outlet

(1) acrylic glass frame,
(2) transparent FEP film (yellow parts in 

the scheme)
(3) clamp to attach chamber to soil frame,
(4) moving lid, (5) lid motor, (6) lid 

inclinometer,
(7) purging fan with ambient air inlet
(8) mass flow meter, 
(9) chamber air inlet, 
(10) chamber air outlet
(11) mixing fan,
(12) soil frame,
(13) sample tube for ambient air, 
(14) sample tube for chamber air.

Pape et al. 2009 
Biogesciences



Chamber types
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Chamber types: Manual vs automatic chambers

Author: Ana Meijide

Author: Ana López-Ballesteros



Chamber types
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Chamber types: Manual vs automatic chambers

Author: Ana Meijide

Butterbach Bahl et al 2016. Springer

t1, t2, …, t6

Gas pooling technique 



Chamber types

http://fluxlab.ca/index.php/outcomes/
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Chamber types: Manual vs automatic chambers

Pape et al. 2009 
Biogesciences



Chamber types: Manual vs automatic chambers

www.licor.com
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Author: Eugenio Díaz-Pinés

Author: Eugenio Díaz-Pinés



Chamber types: measurement target

Conifer 
shoots

Tree 
trunks

Source: Pyykko_Petteri_Pro_gradu_2019.pdf

Source: http://www.hiilipuu.fi/articles?page=1

Whole trees

Source: 
https://www.westernsy
dney.edu.au/hie/EucFA
CE/whole_tree_chamb
ers
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Chamber types: measurement target

Source: http://www.eosense.com/blog/author/nick/

Water 
bodies

Livestock

Author: Fernando Estellés
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Shrubs 

Author: Ana Lopez Ballesteros



Quality Assurance & Quality Control 
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What is will affected while doing the 
chamber measurements?



Quality Assurance & Quality Control 
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• Influence on ambient conditions:
• Air temperature
• Pressure
• Wind and turbulence
• Water vapour
• Radiation



Quality Assurance & Quality Control 
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• Influence on ambient conditions:
• Air temperature
• Pressure
• Wind and turbulence
• Water vapour
• Radiation

López-Ballesteros, 2017 

 Dilution correction

 Physical barrier for water vapour 
at the IRGA inlet

 Some IRGAs correct it by default!



Quality Assurance & Quality Control 
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• Influence on ambient conditions:
• Air temperature
• Pressure
• Wind and turbulence
• Water vapour
• Radiation

Radiation sensors 

Chamber walls 
material

Pérez-Priego et al. 2015 Plant & Soil



Quality Assurance & Quality Control 
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• Leakage & adsorption (static/closed chambers)

Pérez-Priego et al. 2015 Plant & Soil



Quality Assurance & Quality Control 
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• Influence on ambient conditions:
• Air temperature
• Pressure
• Wind and turbulence
• Water vapour
• Radiation

• Influence on the target:
• Root activity
• Soil/plant disturbance
• Soil/plant temperature
• Soil moisture

• Leakage & adsorption (static/closed chambers)

Measurement period = short 
enough to minimize disturbance 
in ambient conditions and target 

but long enough to acquire 
accurate flux measurements

Systematic errors should be 
quantified whenever is possible



Spatial & Temporal Variability
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Spatial & Temporal Variability
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Spatial & Temporal Variability
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Spatial & Temporal Variability
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Spatial & Temporal Variability

Fertilization
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Spatial & Temporal Variability

Rainfall event 
15 mm

López-Ballesteros et al. 2016 JGR



Chamber technique: pros & cons
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• Easy to use 

• Cheaper than other techniques (EC)

• Spatial coverage

• Fast measurements 

• Net flux components 

• Test many treatments at low cost

• Several gases can be measured 
simultaneously 

• Hand-made, infinite prototypes

• Disturbances in ambient conditions

• Disturbances in measurement target 
– long-term experiments 

• Difficult to use under harsh 
conditions (frozen or rocky soils, 
windy days)

• Differences between chamber types 
requires calibration

• Location and periodicity of the 
measurements can lead to under-
/over-estimation of fluxes



Study case
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Study case

34

EC site (ES-Agu) BALSABLANCA

Localization
Almería (SE Spain)

36º56’ 0’’N    2º1’58’’O

Altitude (m) 208

Distance from sea (km) 6.3 km

Climate dry subtropical semiarid

Mean annual T (°C) 18

Mean annual precipitation (mm) 220

Predominant spp
Machrocloa tenacissima 

(60% v. cover)

Soil type Leptosol Lithic Mollic (Calcaric)



Study case
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Study case
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Rain pulses provoked  9 - 58% total dry season C emission



Study case
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Study case
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Study case
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Take-home messages

46

• Chamber technique is ideal to: 
• Measure GHG fluxes in many treatments
• To understand underlying processes of net fluxes measured by 

EC systems

• There are two main types: static/closed vs dynamic chambers

• Influence on ambient conditions within the chamber must be 
quantified and minimized, if possible

• Take into account the temporal and spatial variability of the 
process you want to investigate before designing your experiment! 
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