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Outline

1. Significance of studying soil GHG (CO2, CH4 and N2O) flux

2. Theory and requirements of chamber-based soil GHG flux 
measurement

3. Production: Biotic and abiotic control (CO2 as an example)

4. Control of gas transport from soil to atmosphere



Three major greenhouse gases

Greenhouse Gas

Current 

Atmospheric 

Concentration

Atmospheric 

Lifetime (year)

Global Warming 

Potential

Radiative 

Forcing (W m-2)

CO2 405 ppm 50-200 1 1.66

CH4 1852 ppb 12±3 21 0.48

N2O 331 ppb 120 310 0.16



(Courtesy of Subke)

Soil CO2 Flux

Ecosystem carbon cycle



GPP=NEE-Res

Yang et al., GRL 2015



Produced in anaerobic environments ,

Redox potential < -300 mv 

C6H12O6 → 3CO2+3CH4

Methanogenesis



Methane Sinks 

• Reaction with hydroxyl radical in troposphere 

and stratosphere (~95%)

CH4+ OH → CO2+ H2O

• Soil oxidation (~5%)

CH4+ O2 → CO2+ H2O



Soil CO2 and CH4 fluxes

Chamber 1

Chamber 2

Chamber 3

Chamber 4



Urban lawn, CH4 sink or source?

Chamber #1

Chamber #2



Published CH4 flux for various sources

mg CH4 m-2hr-1
nmol m-2s-1

Peatland, Minnesota 1.5 - 8.0 26 - 139 Shurpali & Verma (1998)

Fen, Canada 1.5 - 12.0 26 - 210 Bubier et al (1993)

Fen, Finland 0 - 20.0 0 - 347 Peltola et al (2013)

Sugarcane, Australia 0.24 4 Denmead et al (2010)

Bog, Alaska 3.0 - 9.0 52 - 156 Moosavi et al (1996)
Pacific Mangroves,  

Baja California
2.3 - 4.4 40 - 76 LI-COR (unpublished)

Marsh, Nebraska 4.0 - 30.0 69 - 521 Kim et al (1998)

Wetland, California 0 - 17.3 0 - 300 Detto et al (2011)

Wetland, Florida 0 - 3.0 0 - 52 McDermitt et al (2011)

Alphine Wetland, China 4.0 - 12.0 69 - 210 Yu et al (2013)

Pasture, California 0 - 2.9 0 - 50 Detto et al (2011)

Pasture, UK 1.7 - 5.8 30 - 100 Dengel et al (2011)

Rice Paddy, Japan 0 - 11.5 0 - 200 Iwata et al (2013)

Rice Paddy, Japan 0.7 - 7.2 12 - 125 Miyata et al (2000)

Rice Paddy, Philippines 0 - 5.8 0 - 100 Alberto et al (2015）

Rice Paddy, California 0 - 8.6 0 - 150 Detto et al (2011)

Temperate Forest ± 3.5 Warner et al., (2017)

Temperate Forest -3 Ueyama et al., 2015

Landfill, Tennessee 267.0 - 329.0 4600 - 5700 Hovde et  al (1995)

Landfill, Lincoln 0 - 5760 0 - 100,000 Xu et al (2014)

CH4 Flux
Ecosystem Study



Global N2O Sources 

Natural
62%

Anthropogenic 38%



Nitrogen Cycle

(Ammonification)

（1. 固氮）

（2. 矿化，氨化）

（3. 硝化）

（4. 反硝化）



N2O emission has high temporal variation

Xu et al., unpublished

Rain events

Rain events

Frozen soil thawing

N2O flux from an urban lawn





Theory of chamber-based soil GHG flux measurement
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V: Chamber volume, m3

P: Pressure, kPa

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

S: Soil area, m2

T: Temperature, K

dC/dt:  Slope, mmol mol-1 s-1

FCO2:     Flux, mmol m-2s-1

Gas analyzer

(Using CO2 case as an example)



Requirements and considerations for chamber-

based soil GHG flux measurement

1. Measure amount of GHG from the soil accurately

2. Minimize the influence on soil GHG “Transport”

3. Minimize the influence on soil GHG “Production”

4. Deal with temporal and spatial variation



Syringe pump

Measured rate Inject known rate 

Accurately measure amount of gas from the soil?

=
?

Gas Analyzer

chamber



Accurately measure amount of gas from the soil?

y = 0.9941x - 0.215
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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. Deal with temporal and spatial variation



Soil GHG flux

Diffusion  gradient

Barometric pressure 
pumping

Displacement 
from precipitation



CO2 concentration
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CO2 profile in the soil
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Changing in diffusion gradient



FCO2=g×(CO2
soil - CO2

air)



Account for the change in CO2 diffusion 
gradient inside the chamber



-12.8% lower
for flux 

-0.08% lower for R2



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



Xu et al., 2014. Global Biogeochemical Cycle.
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Conen & Smith, European Journal of Soil Science. 1998



Minimize the influence on soil GHG “Transport”

Xu et al., Journal of Geophysical Research-Atmosphere,  2006



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. Deal with temporal and spatial variation



Soil Respiration

Soil Temperature

Moisture

Soil OM content

LAI

Photosynthesis

Rain event

etc ?

Understanding control of soil respiration



Temperature dependence of soil respiration



Temperature dependence of soil respiration



Minimize the disturbance to production, esp. for long-

term  automated chamber deployment



Minimize the disturbance to environment



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. Deal with temporal and spatial variation



Characteristics: Large spatial variation
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Solution:Long-term continuous measurement with multiple chambers



Survey Chamber



Long-term chamber system



Clear chamber for net ecosystem CO2 exchange



Data processing software; SoilFluxPro



CH4 release or uptake



View time series of soil GHG flux data with SoilFluxPro



• Soil gas flux data analysis software

• Recompute dataset

• QA/QC

• View time series of soil GHG flux data

• Compute statistics

• Export results for further analysis

Data processing software



The theory for soil chamber sounds easy ! In reality, it is 

very challenging to get accurate result

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. Deal with temporal and spatial variation



• Understanding the theory of the technique 

you are using in your research will help you to 

get much better experimental data.

• Don’t treat your instrument as a black box.

An important advice



➢ Significance for CO2, CH4 and N2O

➢ Chamber-based method; theory and requirement

➢ Production: Soil temperature, soil moisture, SOM, photosynthesis, LAI etc.

➢ Transport

• Molecular diffusion due to the concentration gradient

• Mass flow due to the pressure variation

Summary



Q & A


