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What’s the most appropriate 
method?

What’s the quality of a linear 
method?
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Outline
•
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•
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•

 

Comparison of the models

•

 

Arguments for linear model

•

 

Quality of chamber calculation methods

•

 

Summary and recommendations
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Theoretical models 

Researcher Ca Cs
0 Jg λ

De Mello and 
Hines (1994)

Ca(0)=Cair Constant Jg (t) Constant

Gao et al. (1998) Ca(0)=0 Constant Jg (t) Constant

Conen and Smith 
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Ca(0)=Cair Cs
0 (t) Jg (t) Constant
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(2006)
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Theoretical models 

De Mello and Hines (1994), JGR
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Gao and Yates (1998), JGR
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Theoretical models 
General behaviour of models based on Gao and Yates (1998) and De 
Mello and Hines (1994)

Gao and Yates (1998)
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Theoretical models 
General behaviour of models based on Gao and Yates (1998) and De 
Mello and Hines (1994)

Gao and Yates (1998)
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Theoretical models 
Conen and Smith (2000), 
European Journal of Soil Science

Researcher Ca Cs
0 Jg λ

De Mello (1994) Ca(0)=Cair Constant Jg (t) Constant
Gao (1998) Ca(0)=0 Constant Jg (t) Constant
Conen

 

(2000) Ca(0)=Cair Cs
0

 

(t) Jg

 

(t) Constant
Livingston (2005) Ca(t)=Cs

0 (t)
Ca(0)=Cs

0 (0)
Cs

0 (t) Jg (t) λ(z)
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Theoretical models 
Conen and Smith (2000), 
European Journal of Soil Science
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Theoretical models 
Conen and Smith (2000), 
European Journal of Soil Science ( ))()()( 0 tCtChtJ as

tcg −=
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Theoretical models 
Conen and Smith (2000), 
European Journal of Soil Science ( ))()()( 0 tCtChtJ as

tcg −=
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Theoretical models 
Livingston et al. (2006), Soil 
science society of America journal

Researcher Ca Cs
0 Jg λ

De Mello (1994) Ca(0)=Cair Constant Jg (t) Constant
Gao (1998) Ca(0)=0 Constant Jg (t) Constant
Conen (2000) Ca(0)=Cair Cs

0 (t) Jg (t) Constant
Livingston
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Theoretical models 
Differences in theoretical models:

•

 

Assumptions -> different equations for Ca(t) and Jg (t)

Similarity in theoretical models:
•

 

Jg (t) is not constant
•

 

No leakage taken into account
•

 

No vegetation taken into account

Researcher Ca Cs
0 Jg λ

De Mello and Hines (1994) Ca(0)=Cari Constant Jg (t) Constant
Gao et al. (1998) Ca(0)=0 Constant Jg (t) Constant
Conen and Smith(2000) Ca(0)=Cair Cs

0 (t) Jg (t) Constant
Livingston et al. (2006) Ca(t)=Cs

0 (t)
Ca(0)=Cs

0 (0)
Cs

0 (t) Jg (t) λ(z)
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Theoretical models
Kutzbach et al. (2007), Biogeosciences:
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Simplified models 
Linear model:
(e.g. Ruser et al. 1998; Hendriks et al. 2007)

Quadratic model:
(e.g. Wagner et al. 1997)

H-M model:
(e.g. Hutchinson and Mosier, 1984)
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Simplified models 
Slope-intercept model:
(Kroon et al. 2008)
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Comparison of the models
Linear De Mello and Hines (1994)
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Cum(Lin)/Cum(Exp): 

69% and 63%

Based on measurements at Cabauw in the Netherlands
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Comparison of the models
Linear Conen and Smith (2000)
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Comparison of the models
Intercept De Mello and Hines (1994)
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Comparison of the models
What’s the most accurate model?

•

 

Determination by goodness-of-fit analyses
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Why
 

do most of the people
 

still
 

use
 

a linear
 

regression?

Possible reasons:
•

 

Assumption that conentration behaviour is linear over short 
measurement times.

•

 

Assumption that non-linear concentration behaviour can only be 
caused by leakage.

•

 

Assumption that uncertainty due to spatial and temporal variation 
is much larger than the biases due to linear regression.
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Assumption
 

I:
 Short measurement

 

times

Kroon et al. (2008)
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Assumption
 

II:
 Non-linearity

 

can

 

only

 

occur

 

due

 

to

 

leakage

Gao and Yates (1998)

Based on theoretical Gao model without leakage 
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Assumption III:
 Uncertainty due to spatial and temporal variation is much 

larger than biases due to linear regression
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Why
 

do most of the people
 

still
 

use
 

a linear
 

regression?

Possible reasons:
•

 

Assumption that conentration behaviour is linear over short 
measurement times.

•

 

Assumption that non-linear concentration behaviour can only be 
caused by leakage.

•

 

Assumption that uncertainty due to spatial and temporal variation 
is much larger than the biases due to linear regression.

Assumptions are not definitely truth!
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Quality of chamber calculation methods
Rochette and Eriksen-Hamel (2008)
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Quality chamber calculation methods
Rochette and Eriksen-Hamel (2008)
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Quality chamber calculation methods
Rochette and Eriksen-Hamel (2008)
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Summary
•

 

There are several studies given in the literature for calculating 
fluxes by static chambers. They are based on the mass equation 
and diffusion equation. The models are based on different 
assumptions. However, they all indicate that the fluxes are not 
constant.

•

 

The concentration behaviour is dependent on the height of the 
chamber and the air filled porosity. Underestimation increases with 
decreasing height and increasing air filled porosity.

•

 

There are several simplified models for calculating fluxes by static 
chambers, like quadratic, linear and H-M model. These simplified 
models underestimate the flux. The amount of underestimation 
can be more than 40%.
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Summary
•

 

The linear method underestimate the flux even for short 
measurement times and without leakage of the chamber.  

•

 

Using an incorrect method lead to a systematic underestimation 
which is very significant even in comparison with the spatial and 
temporal variation.  

•

 

The quality of the flux estimation is dependent on the used model, 
the amount of measurement points and measurement time. 
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Recommendations
•

 

A non-linear method should be used. 
Compare different non-linear methods using a goodness-of-fit
analyses to choose the most appropriate method.

•

 

Amount of measurement points should be at least 3.

•

 

The height of the chamber should be at least 40 cmhr-1.

*http://biogeo.botanik.uni-greifswald.de/index.php?id=264 (Lin&Non-linear)

**http://arsagsoftware.ars.usda.gov (Excell comparison Lin,Qua&NDFE)

Method References Model available online
Exp1 De Mello and Hines 

(1994)
Exp2 Gao et al. (1998)
Exp3 Kutzbach et al. (2007) X*

NDFE Livingston et al. (2006) X**

Slope intercept Kroon et al. (2008)
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