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Past Approaches for Soil Moisture





None of these indices use soil moisture from measurements 
or physically-based hydrologic models, account for physical 
properties of the soil, or directly account for impacts of 
overlying vegetation. Instead, moisture content is estimated 
using simplistic water balance approaches based on weather 
variables. 



Availability of Soil Moisture Information





In Situ Soil Moisture Measurements



National Soil Moisture Network



Oklahoma Mesonet



Background to Research:

Oklahoma Fuels and Wildfire Climatology



Distribution of Wildland Fuels in Oklahoma



Oklahoma Wildfire Monthly Climatology

 (48,212 wildfires from 1992-2018)



Oklahoma Wildfire Monthly Climatology

 (48,212 wildfires from 1992-2018)



Oklahoma Wildfires by Year (1992-2018) 



Review of Past Research in Oklahoma

(Soil Moisture and Fire Danger)



Soil Moisture (FAW)

• Mesonet soil moisture sensors at 5, 25 cm

• Integrated water content:  0-40 cm soil layer

• Volumetric Water Content (VWC)

• Fraction of Available Water (FAW)

• Normally,  0 <= FAW <= 1

FAW = (VWC – VWCwp) / (VWCfc – VWCwp) 

ratio of measured plant available water to the 
maximum plant available water capacity of the soil 



EMPIRICAL Evidence for the

Importance of Soil Moisture to Fire Danger

(Wildfires)



Wildfires by Size Class
(Soil Science Society of America Journal, 2015)

• 38,419 Oklahoma wildfires (2000-2012) 

• Individual fires linked to nearest Mesonet 
station data on day of ignition

• Five fire size classes

• Dormant (Nov-Apr) and growing (May-Oct) 
seasons



Growing Season Wildfires

Dormant Season Wildfires

>= 1000 acres

300-1000 acres

100-300 acres

10-100 acres

< 10 acres



Growing Season Wildfires >= 300 Acres



Large Wildfires
(International Journal of Wildland Fire, 2016)

• 501 Oklahoma wildfires >= 1000 acres (2000-2012) 

• Individual fires linked to nearest Mesonet 
station data on day of ignition

• Dormant (Nov-Apr) and growing (May-Oct) 
seasons



Location of Wildfires and Soil Moisture Sensors

Used in Research Study 







Large Multi-Day 2011 
Growing Season Wildfires



Keystone/Terlton Complex 
August 5-10, 2011

20,129 acres (8146 ha)



20,000 acre Keystone/Terlton fire

Fraction of Available Water (FAW)
(Oilton site) 



Ferguson Fire
September 1-10, 2011

39,907 acres (16,150 ha)



40,000 acre Ferguson fire

Fraction of Available Water (FAW)
(Medicine Park site) 



Stand-Alone Soil Moisture Product on OK-FIRE



FAW versus KBDI
(Soil Science Society of America Journal, 2017)

• 501 Oklahoma wildfires >= 1000 acres (2000-2012) 

• Individual fires linked to nearest Mesonet 
station data on day of ignition

• Dormant (Nov-Apr) and growing (May-Oct) 
seasons







For the 10 largest wildfires in our study:

• FAW provided an average of 10 days earlier 
warning time than KBDI 

• The average warning time before wildfire  
occurrence using FAW was 29 days



PHYSICAL Evidence for the

Importance of Soil Moisture to Fire Danger

(Herbaceous Fuels)



Soil Moisture and Herbaceous Fuel Moisture
(International Journal of Wildland Fire, 2021)

• Two-year period (May 2012 to Oct 2013) 

• Biweekly sampling of fuel bed variables

• Nine areas in three pastures at OSU 
research station just west of Stillwater

• Soil moisture effects on fuel moisture and 
curing



Wildfires burned 34,600 
ha in the vicinity of the 
research site during 
August 2-5.







Soil Moisture and Herbaceous Fuel Loads
(Agronomy Journal, 2021)

• Statistical analysis of native grass hay yields 
over three years (2002, 2007, 2012) 

• Top 25 counties for hay yield (31% of 
Oklahoma land area)

• Average FAW during critical hay yield period 
(June 21 to July 11)





Integration of Soil Moisture Information

to Better Assess and Predict Fire Danger



• Stand-alone tools using soil moisture information 
(example – 16” % Plant Available Soil Moisture 
map in OK-FIRE)

• Integration of soil moisture information into 
components of existing fire danger rating 
systems



NFDRS 2016



Final Thoughts



Thank You!

Questions?
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