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Wildfires, prescribed fires, and slash-pile burns are disturbances that occur in most terrestrial 

ecosystems. Surface heat fluxes can range from 10 to 50 kW m-2 causing a spectrum of effects on soils 

and, in some cases, irreversibly alters the soil. These direct, first-order fire effects often result in 

significant long-term biological, chemical, physical, and hydrological effects. Accurately modeling the 

duration and extent of soil heating from wildfires and prescribed fires is vital to predicting many of these 

second-order fire effects. Advancements have been made in a process-based soil heating model that 

considers soil heating as a function of soil water evaporation, heat transport, and water vapor 

movement. This model captures the observed rapid evaporation of soil moisture that occurs at relatively 

low temperatures (50-90˚C) and provides predictions of soil moisture evaporation. The model simulates 

the observed increase in soil moisture ahead of the drying front and the delay in the soil temperature 

rise during the strongly evaporative stage of drying. These changes are an improvement over Campbell’s 

2005 soil heating model. The new soil heating model and Campbell’s model were evaluated using 

numerous prescribed fire and wildfire soil temperature datasets that were collected in the field. The 

performance of the models was evaluated quantitatively using standard statistical measures such as 

Nash-Sutcliffe efficiency, root mean squared deviation and correlation coefficient. Results suggest 

reasonable agreement between the new soil heating model and field soil temperature data under 

various fire, fuels and antecedent moisture conditions. The new heating model had higher accuracy and 

fewer errors when compared to Campbell’s soil heating model. A user-friendly interface was also 

developed that allows the modeling of soil temperature and moisture in the soil profile with various 

prescribed fire, pile burns and wildfire scenarios. The interface was incorporated into the Fire Order Fire 

Effects Model (FOFEM) for ease in dissemination. 

 
 


