
Chamber-based soil gas flux measurement

Gas transport, theory, hardware, software and data analysis

Liukang Xu 



You can raise you hand anytime if you have a question !!!



Topics:

1) Control of gas transport across the soil surface

2) Theory of gas flux measurement across soil surface

3) Considerations for the closed-chamber method

4) Hardware: Smartchamber, LI-8250 system

5) Software

• User interface (UI)

• Data processing software (SoilFluxPro) 

6) QA/QC

7) Other applications



(Courtesy of Subke)

We are dealing with this 

portion of the flux !!!



Advection (Mass flow, convection)
    

This process is caused by the bulk motion 
of a fluid (like air), such as CO2 or CH4

molecules moves with the wind.

Diffusion
    

This process is caused by the random motion of 
individual molecule or particles and doesn't require 
bulk fluid (like air) motion. For example, diffusion can 
move CO2 or CH4 molecules along their concentration 
gradients. 

Transport mechanisms



Important equations

Gradient transport theory

FCO2=g×(CO2
soil - CO2

air)
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Equation for advection transport

𝐹𝑙𝑢𝑥 = 𝑓𝑙𝑜𝑤𝑟𝑎𝑡𝑒 × 𝑑𝑒𝑛𝑠𝑖𝑡𝑦



Steady state transport
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Non-steady state transport

𝐹𝑖𝑛 = 𝐹𝑜𝑢𝑡    or      𝑑ℎ

𝑑𝑡
= 0

𝐹𝑖𝑛 ≠ 𝐹𝑜𝑢𝑡    or      𝑑ℎ

𝑑𝑡
≠ 0



Soil Respiration

Production 

The amount of CO2 produced from microbial activity 
in the soil

Soil CO2 Flux

Transport

The amount of CO2 transported out from soil to the 
atmosphere

Question:     Soil respiration = Soil CO2 flux ?
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Soil 
Respiration

Ambient CO2

+ StorageSoil 
CO2 flux=

CO2 diffusion 
gradient

Barometric 
pumping

Rain event

Porosity

Only under steady-state condition, are soil respiration and soil CO2 flux equal! 



Control of gas transport from soil to atmosphere 

source

sink

1: Transport
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FCO2=g×(CO2
soil - CO2

air)

1: Transport



1: Transport
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Xu et al., 2014. Global Biogeochemical Cycle.
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Standard deviation of Pressure  (bar)

Kimball and Lemon, SSSAJ, 1971

Pressure variation
1: Transport



Topics:

1. Control of gas transport across the soil surface

2. Theory of gas flux measurement across soil surface

3. Considerations for the closed-chamber method

4. Hardware: Smartchamber, LI-8250 system

5. Software: 

a. User interface (UI)

b. Data processing software (SoilFluxPro) Demo

6. QA/QC

7. Other applications

2: Theory



Techniques for measure the soil CO2 flux

I. Gradient methods

II. Chamber methods

1. Steady-state open chamber

2. Non-steady-state closed 
chamber



1.  Gradient methods 

How is soil CO2 flux measured?

z

C
DFCO



−=2

It will be very difficult to 

estimate D. 



Tang, Baldocchi, Qi, Xu, 2003 AFM



Xu, Baldocchi, Tang, 2004 GBC

Issues with the gradient method

LI-COR Confidential



Technique: Chamber methods 1. 

 Steady-state open chamber 

Rayment and Jarvis, JGR, 1997

𝐹𝐶𝑂2 =
𝑢

𝑆
× (𝐶𝑂2_𝑜𝑢𝑡 − 𝐶𝑂2_𝑖𝑛)

• Disturbing the diffusion gradient

• Need longer time to do measurement 

CO2_in
CO2_out

u



Technique: Chamber methods 1. 

 Steady-state open chamber 

Rayment and Jarvis, JGR, 1997

𝐹𝐶𝑂2 =
𝑢

𝑆
× (𝐶𝑂2_𝑜𝑢𝑡 − 𝐶𝑂2_𝑖𝑛)

Rayment and Jarvis. 1997. An improved open 

chamber system for measuring soil CO2 

effluxes in the field. J Grophysics Res, 102: 

28779-28784



𝐹𝐶𝐻4 =
𝑉𝑃𝑜(1 − 𝑊𝑜)

𝑅𝑆(𝑇𝑜 + 273.15)

𝑑𝐶′

𝑑𝑡

V: Chamber volume  m3

Po: Pressure  Pa

R: Gas constant  Pa m3 k-1mol-1

S: Soil area  m2

To: Temperature  oC
     

  Slope   nmol mol-1s-1

    

Wo  H2O   mol mol-1

FCH4:     Flux   nmol m-2s-1

Non-Steady-state closed chamber method2: Theory



𝐹𝐶𝐻4 =
𝑃𝑜𝑉(1 − 𝑊𝑜)

𝑅𝑆(𝑇𝑜 + 273.15)

𝑑𝐶′

𝑑𝑡

𝐹𝐶𝐻4 =
𝑛

𝑆

𝑑𝐶′

𝑑𝑡
=

𝑚𝑜𝑙𝑒

𝑚2

𝑛𝑚𝑜𝑙 

𝑚𝑜𝑙 ∙ 𝑠
=

𝑛𝑚𝑜𝑙

𝑚2 ∙ 𝑠

𝑛 =
𝑃𝑉(1 − W)

𝑅𝑇
=

𝑃𝑎 ∙ 𝑚3

𝑃𝑎 ∙ 𝑚3𝑘−1𝑚𝑜𝑙𝑒−1 ∙ 𝑘



Topics:
1) Control of gas transport across the soil surface

2) Theory of gas flux measurement across soil surface

3) Considerations for the closed-chamber method

4) Hardware: Smartchamber, LI-8250 system

5) Software: 

• User interface (UI)

• Data processing software (SoilFluxPro) Demo

6) QA/QC

7) Other applications

3: Considerations



1. Accurately measure amount of GHG from the soil

2. Minimize the influence on soil GHG “Transport”

3. Minimize the influence on soil GHG “Production”

4. Mixing 

Consideration: Questions need to be answered

3: Considerations



Syringe pump

Measured rate Inject known rate 

Accurately measure amount of gas from the soil?

=
?

LI-870

Smartchamber

3: Considerations



Accurately measure amount of gas from the soil?

y = 0.9941x - 0.215

R² = 0.9994
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3: Considerations



Account for the change in CO2 diffusion 
gradient inside the chamber

3: Considerations



Account for the change in CO2 diffusion 
gradient inside the chamber

3: Considerations



Curvature of the time series

3: Considerations

𝐶𝑡 = 𝐶𝑥 + 𝐶𝑜 − 𝐶𝑥 ∙ 𝑒𝑥𝑝−𝑎∙𝑡

𝑎 =
𝑔 ∙ 𝑆

𝑉



No disturbance to CO2 diffusion 
gradient inside the soil profile

CO
2
 (ppm)

0 1000 2000 3000

D
e

p
th

 (
c
m

)

-60

-40

-20

0

20

Requirement



Caution: Be aware of this when repeat 

the measurement on the same collar !



Chamber pressure equilibrium

Pcham
Patm

Pcham>Patm 

 
cause downward mass flow, 

lead to a flux underestimation 

Pcham

Patm

Pcham<Patm

   cause upward mass flow, 

lead to a flux overestimation

3: Considerations



Minimize the influence on soil GHG “Transport”

3: Considerations

Conen and Smith 1998. Eur. J of Soil Sci. 49: 701-707





Minimize the influence on soil GHG “Transport”

Xu et al., JGR-Atm 2006

3: Considerations



3: Considerations

Why do we need to have a good mixing inside the chamber? 



Requirement: Mixing
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Soil Respiration

Temperature

Moisture

OM content

LAI

Photosynthesis

Rain event

etc ?

Understanding control of soil respiration

3: Considerations



Minimize the disturbance to production, esp. for 
long-term  automated chamber deployment

3: Considerations



Minimize biological disturbance

3: Considerations



3: Considerations



Topics:

1. Control of gas transport across the soil surface

2. Theory of gas flux measurement across soil surface

3. Considerations for the closed-chamber method

4. Hardware: Smartchamber, LI-8250 system

5. Software: 

a. User interface (UI)

b. Data processing software (SoilFluxPro) Demo

6. QA/QC

4: Hardware



Hardware: Manual chamber







Survey chamber: Smart Chamber

A word about Stevens Hydraprobe 

for soil temperature measurement

4: Hardware



LI-870SC LI-7810SC; LI-7820SC

Survey system (8200-01S)

4: Hardware



LI-870SC+LI-7820

LI-7810SC+LI-7820

Survey system (8200-01S)

4: Hardware



Long-term system (LI-8250)

4: Hardware



LI-8250 Multiplexer Hardware

• Slightly smaller than the LI-8150 Multiplexer

• 38.5 cm L x 52 cm W x 18.5 cm H

• Tested to IEC IP55 standard

• Temperature operating range: -20 to 45°C

• Power consumption

      Idle Sampling/Moving Maximum

• LI-8250       4.4 W          16.1 W          19.5 W      

• 8200-104   0.3 W              7.5 W  N/A



LI-8250 Multiplexer Hardware

• Slightly smaller than the LI-8150 Multiplexer

• 38.5 cm L x 52 cm W x 18.5 cm H

• Tested to IEC IP55 standard

• Temperature operating range: -20 to 45°C

• Power consumption

    Idle Sampling/Moving       Maximum

• LI-8250       4.4 W          16.1 W          19.5 W      

• 8200-104   0.3 W              7.5 W   N/A

4: Hardware



LI-8250 –Multiplexer

4: Hardware



4: Hardware



4: Hardware



2a: Long-term system (LI-8250)

4: Hardware



• Update to enclosure

• Chamber thermistor redesign

• SDI-12 Connection: soil temperature and soil 

moisture sensor

• Easier integration of LI-COR light sensors

8200-104 Long Term Chamber – What’s New

4: Hardware



8200-104C Clear Long-Term Chambers

• For measuring Net Carbon Exchange (NCE)

• Upgrade kits available for converting 

between opaque and clear chambers

4: Hardware



Soil system

Long-term system (LI-8250)

4: Hardware
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5: Software (UI, LI-8250)



5: Software (UI, Smartchamber)



5: Software (SoilFluxPro)



Main features of SoilFluxPro (SFP) 

• Recompute

• Transform

• Repair

• Export 

• Import

• Display

• Chart, Details, etc.

5: Software (SoilFluxPro)



SoilFluxPro Demo

Chamber

5: Software (SoilFluxPro)



SFP demo
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1. Control of gas transport across the soil surface
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6: QA/QC



1.QA/QC

• Uncertainty of the measured flux

• All the variables in the flux equation have reasonable values?

• All gas concentrations have reasonable values?

• chamber open/close properly?  Use CO2 as an indicator

• Gas analyzer diagnostic?

• Flow rate?

• R2, etc.

2.A word about Flux_lin vs. Flux_exp 

6: QA/QC



Key Specifications
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6: QA/QC



Precision, RMS， Standard Deviation

Precision = 0.25 ppb for this dataset

6: QA/QC



LI-8250

N2O analyzer

It is always a good idea to do a zero-flux test !!!

Uncertainty in Flux, 

±0.03 nmol m-2s-1

Minimum Detectable Flux (MDF)

6: QA/QC



Minimum Detectable Flux 
   

LI-7820 with LI-8200-104 chamber 

Minimum detectable flux (MDF) = 0.05 nmol m-2 s-1
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LI-7820 – Example Measurements
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LI-7820 – Example Measurements
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LI-7820 – Example Measurements
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• Small MDF can tell the small difference in flux between your field 

treatments

• Small MDF can give you fine temporal flux variations

Key Points 

6: QA/QC



Long-term soil chamber system (LI-8250)
6: QA/QC
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All variables in the flux equation have reasonable values?
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6: QA/QC



All gas concentrations have reasonable values?6: QA/QC



All gas concentrations have reasonable values?6: QA/QC



1. QA/QC:  Gas analyzer diagnostic (LI-8250, LI-7810, LI-7820, LI-870) 6: QA/QC



Chamber open/close properly?  

When CH4 flux is not small, the time series of CH4 can be the evidence. 

6: QA/QC



When CH4 flux is around zero, use CO2 as an indicator to see whether the 

chamber is closed properly or not

6: QA/QC



R2? This depends on the magnitude of the flux!

6: QA/QC



Bad outliers or good outliers?

Probably good outliers, because of rain

6: QA/QC
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1. QA/QC:   bad outliers or good outliers?

6: QA/QC



Bad outliers?

Bad outliers?

6: QA/QC



A word about Flux_lin vs. Flux_exp 

Forest light soil Heavy clay soil

6: QA/QC



A word about Flux_lin vs. Flux_exp 

6. QA/QC



2. A word about Flux_lin vs. Flux_exp 
6: QA/QC



A word about Flux_lin vs. Flux_exp

When the flux is small, Lin flux is always better. 

 FCO2<0.5 mol m-2s-1

 FCH4<0.2 nmol m-2s-1

 FN2O<0.2 nmol m-2s-1

Take a look at the time series first before making the judgement

Data Analysis

6: QA/QC
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Flask Sampling
5. Other applications



Study the decomposition of any material

5. Other applications



GHG flux over wastewater surface

5. Other applications



GHG flux over water surface

5. Other applications

LI-COR Confidential



From Rodrigo Vargas at Univ of Delaware

Tree stem GHG flux measurement

5. Other applications



Gauci et al., 2024 Nature. 



➢
12C and 13C are stable isotopes

➢
14C is radioactive with half life of 5730 years

12C 98.89%

Isotope Protons Electron Neutrons

12C 6 6 6

13C 6 6 7

14C 6 6 8

Carbon Isotopes

13C

14C       1 in 1012 

1.11%

The closed chamber method can be used to 
estimate the 13C of any source with keeling plot. 



 13𝐶 =

 
13𝐶

 12𝐶 𝑠𝑎𝑚𝑝𝑙𝑒

 13𝐶

 12𝐶 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑

− 1 ∗ 1000 ‰

VPDB Standard; Vienna Pee Dee Belemnite standard 13C/12C=0.01118

Definition of 13C



The relationship between R (13C/12C) and 13C, assuming CO2 of 400 ppm

More positive 

Less positive  

Enriched in the 

heavy isotope

Less positive,  

More negative, 

Depleted in the 

heavy isotope

Ambient Air   

C4 Plant Biomass   

C3 Plant Biomass   



C3 vs. C4 plant



The closed chamber method can be used to 
estimate the 13C of any source with keeling plot. 

𝑐𝑎 = 𝑐𝑏 + 𝑐𝑠

A simple linear mixing model

Cb
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Keeling plots for CO2 respired from the C3 and C4 biomass

C3 C4



Keeling Plots of Ecosystem Components

Feb 16

Feb 2

Feb 16

Leaves

Roots

Soil

)1(1313

cos

13

belowshootbelowbelowysteme fCfCC −+= 

)1(131313

rootsoilrootrootbelow fCfCC −+= 

Partitioning soil respiration into auto- 
and heterotrophic respiration

Partitioning ecosystem respiration into 
below and above ground component



Advantages of chamber method

1. Simple theory

Pay attention to considerations

2. Can measure very small flux 

3. Relatively easier to process the data

4. Can be used over small plots

5. Can be used over a wide range of field topography

6. Automated and long-term continuous measurement



Challenges remain: 

1.Boundary layer disturbance

2.Spatial coverage

3.Chamber size limitation



Caution: with whole growing season dataset
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Temperature dependence of soil respiration

Most common issue in manuscript



Using the data from the field measurement at certain intervals to estimate the 
seasonal total flux !

Most common issue in manuscript
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Abuse the linear regression

Most common issue in manuscript
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Topics we covered:

1. Control of gas transport across the soil surface

2. Theory of gas flux measurement across soil surface

3. Considerations for the closed-chamber method

4. Hardware: Smartchamber, LI-8250 system

5. Software: 

a. User interface (UI)

b. Data processing software (SoilFluxPro) Demo

6. QA/QC

7. Other applications



➢ It is very important to understand the theory of the measurement and how the 

GHG flux is calculated, what variables are used in the equation etc. This is very 

helpful for trouble shooting and data QA/QC. 

➢ Try to look at your data as soon as you download from the instrument. If you 

see something wrong, try to fix the issue. Otherwise, you could lose more data. 



Q & A
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