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The most obvious indication of transport
of mass during a fire is flames and
smoke. Furthermore it is well known
that localized heating during the fire
creates 3-D convective currents in the
atmosphere and that these currents
carry the combustion products away
from the fire.



Presenter
Presentation Notes
As the fire intensifies the air will be pulled toward the fire at accelerating rates. This will cause a pressure drop at the surface of the soil surrounding the pile.  This pressure drop will induce a flow of air in the soil.

Also the soil surface surrounding the pile will be heated very quickly be the radiation from the fire, which in turn will heat the soil and cause the soil air near the surface to expand and again induce a further pressure drop and an induce air current tin the soil under the pile. 



MEF Burn date April 2004

Massman et al (2008: IJWF)
Massman et al (2010: Fire  Ecology)

Fire initiated late 
morning on day 117 

at Manitou Exp Forest
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Presentation Notes
We performed a slash-pile burn in April 2004 at Manitou Experimental Forest, central Rocky Mountains of Colorado, just west of Colorado Springs, CO.

Instrumentation included four soil CO2 collectors, which were used along with a pump and an infrared gas analyzer to measure soil CO2 before during and after the fire. 





Time course of soil CO2 before, during, and after the fire. 

Back calculating yields max soil CO2
between 60,000 and 200,000 ppm.

Presenter
Presentation Notes
The soil CO2 went off scale within the first half hour after the fire was started.  Using the CO2 release portion of the time course.

CO2 increased well in advance of the fire-caused soil heating. 





But there is no reason to assume that
CO2 is the only combustion product
advected (pulled) into the soil by this
induced current. In fact we should
anticipate that all combustion products
are “pulled into the soil”, including
water vapor, volatilized organic
compounds, CO, and all other oxidation
products.
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From a spring 2009 campfire burn. 

We know that these films or coatings were formed during the fire rather than imported after the fire by alluvial processes.  We think (hypothesize) that these films are at least in part formed from Manganese compounds and Manganese dioxide (MnO2 or pyrolusite) ) in particular.  



We hypothesize that (at least some) of 
these coatings and sintering materials 
are “mangans” or “ferri-mangans” and 
that they are formed during the burn 
after being advected into the soil by the 
induced soil air current and that they 
crystallize (or condense) onto the soil 
particles, where they can alter the pore 
structure and pore connectivity of the 
soil.



“Before”

“After”

Gold indicates 
pore space
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Presentation Notes
Let’s look at the change in pore structure resulting from the 2004 fire.

This is a 3-D X-ray tomography movie.




Soil thermal conductivity for a dry soil 
increased as a result of a slash pile burn.

** Massman and Frank (2008) **

Presenter
Presentation Notes
We further hypothesize that highly conducting metallic films may also cause long-term consequences to the soil thermal conductivity and as a result the long-term soil thermal environment.

In addition the advective currents and the formation of these films during the fire may also provide a positive feedback into the soil heating during the slash pile burn by “priming” the soil for the heat pulse by increasing the soil’s thermal conductivity. 




CONCLUSIONS

(1) Slash pile burns induce advective flows in 
soils and transport (all) combustion products
into the soil during slash pile burns.

(1’)   This may occur during (larger) wildfires as well.

(2)    Long-term changes in soil pore structure, pore  
connectivity, thermal conductivity, and other   
soil physical properties could occur during the 
fire as a result of even small amounts of the 
combustion products (mass) imported into the 
soil in advance of significant soil heating.
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