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Significance and challenges
• Accurate representation of freeze/thaw processes 

needed for 
– climate models and projections
– hydrologic models and forecasts
– wintertime energy balance studies

• Few methods for monitoring soil thermal 
properties during freeze/thaw

• Few methods for monitoring soil heat flux during 
freeze/thaw

Theory (Fuchs et al., 1978) Theory (Fuchs et al., 1978)

Theory (Fuchs et al., 1978) Theory (Fuchs et al., 1978)



2019/12/23

2

Theory (Fuchs et al., 1978)
negligible

Theory (Fuchs et al., 1978)

Measurements

• University of Minnesota research farm
• Rosemount, Minnesota, USA, 44.7°N, 93.1 °W

Source

Field experiment

• Silt loam soil
• No tillage, soybean residue
• 4 heat pulse sensors each 

at 2.5 and 5 cm depths
• Temperature 

measurements at 5 minute 
intervals

• Thermal properties 
measured at 30 minute 
intervals

• Freezing, Nov.-Dec.
• Thawing, Feb.-Mar.

Thermal property measurements

https://stackoverflow.com/questions/53609536/draw-state-lines-of-specific-countries-with-cartopy
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Soil temperatures during freezing Soil thermal properties 
during freezing

• Abrupt, large increase in Ca as 
T falls below freezing point,
– due to latent heat of fusion

• Abrupt, large increase in la 
– due to latent heat transfer by 

liquid flow

• Abrupt, large decrease in aa

• Good agreement between 
measured and modeled values 
for Ca, less so for la and aa
– extended monitoring period 

required

Soil temperatures and thermal 
properties during thawing

Soil thermal properties 
during thawing

• Maximum Ca ~800 MJ m-3 K-1

• Narrow spike in la just below 
freezing point
– confirmation of theoretical 

model
– Maximum value ~100 W m-1 K-1

• 5-minute monitoring period 
allowed aa measurements 
down to 0.03 mm2 s-1

Measured vs modeled thermal properties Heat pulse curves during thawing
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Soil heat flux during thawing

Latent 
heat flux

Final thoughts
• Challenging measurements
– Temperature rise due to heat pulse may be <0.005°K
– Two-point running harmonic mean used here for 

effective noise reduction

• Mean absolute differences between measured 
and modeled thermal properties, 20-37%

• Accurate in situ soil heat flux measurements 
during freeze/thaw are possible

• Latent heat flux due to snowmelt infiltration 
detectable with this approach

For more details:

Ochsner, T.E. and J.M. Baker. 2008. In Situ 
Monitoring of Soil Thermal Properties and Heat 
Flux during Freezing and Thawing. Soil Sci. Soc. 
Am. J. 72: 1025-1032. 
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Explore our websites and get in touch
tyson.ochsner@okstate.edu

http://soilmoisture.okstate.edu/
http://canopeoapp.com/

http://soilphysics.okstate.edu/ *Seeking new graduate 
student for 2020
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