
Burning Questions
Future Research Directions in Water and Wind 

Erosion After Wildfire
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Presenter Notes
Presentation Notes
Wildfire has been increasing in the United States over the course of the last century. Although we can see the number of fires isn’t increasing, the amount of acreage burned is increasing, implying that although the number of fires stays constant, those fires are increasing in size.
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Presenter Notes
Presentation Notes
Great Basin fire history shows less variation in the number of fires annually, but the fires that do occur are either quickly suppressed or grow to substantial size and complex incidents that are difficult to suppress.
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Great Basin Fire History



Acres	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	1131055	560723	1907925	114466	266973	2260256	2211850	903827	402841	373453	128978	1985476	2593323	3301599	217642	170335	735886	886667	2502018	930795	164802	505483	761622	2103788	2087922	459384	948812	373165	Fire	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	4084	2833	3962	2102	2471	3364	4288	4464	3103	3744	3240	2956	4476	3370	2112	2499	2331	2695	3343	2971	2250	2096	2063	3127	2776	2308	2958	2449	
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GBR 11-21

				2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		Fires		2695		3343		2971		2250		2096		2063		3127		2776		2308		2958		2449

		Acres		886667		2502018		930795		164802		505483		761622		2103788		2087922		459384		948812		373165





2000 - 2010

						2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010

		EB		Fires		3,210		3,298		2,332		2,948		2,286		2158		3,202		2,482		1,661		1,812		1,846

				Acres		1,576,135		300,208		325,290		355,874		89,187		953,362		1,244,452		2,411,428		145,712		136,970		712,019

		WB		Fires		1,078		1,166		771		796		954		798		1,274		888		451		687		485

				Acres		635,715		603,619		77,551		17,579		39,791		1,032,114		1,348,871		890,171		71,930		33,365		23,867

		TOTAL		Fires		4,288		4,464		3,103		3,744		3,240		2,956		4,476		3,370		2,112		2,499		2,331

				Acres		2,211,850		903,827		402,841		373,453		128,978		1,985,476		2,593,323		3,301,599		217,642		170,335		735,886





Sheet4

						1994		1995		1996		1997		1998		1999		2000		2001		2002

		EB		Fires		3,175		2,206		2,666		1,419		1,728		2,250		3,210		3,298		2,332

				Acres		927,390		461,910		1,303,045		71,467		186,229		553,015		1,576,135		300,208		325,290

		WB		Fires		909		627		1,296		683		743		1,114		1,078		1,166		771

				Acres		203,665		98,813		604,880		42,999		80,744		1,707,241		635,715		603,619		77,551

		TOTAL		Fires		4,084		2,833		3,962		2,102		2,471		3,364		4,288		4,464		3,103

				Acres		1,131,055		560,723		1,907,925		114,466		266,973		2,260,256		2,211,850		903,827		402,841





compile

		Year		Fire		Acres

		1994		4,084		1,131,055						4464		3103

		1995		2,833		560,723						903827		402841

		1996		3,962		1,907,925

		1997		2,102		114,466

		1998		2,471		266,973

		1999		3,364		2,260,256

		2000		4,288		2,211,850

		2001		4,464		903,827

		2002		3,103		402,841

		2003		3,744		373,453

		2004		3,240		128,978

		2005		2,956		1,985,476

		2006		4,476		2,593,323

		2007		3,370		3,301,599

		2008		2,112		217,642

		2009		2,499		170,335

		2010		2,331		735,886

		2011		2,695		886,667

		2012		3,343		2,502,018

		2013		2,971		930,795

		2014		2,250		164,802

		2015		2,096		505,483

		2016		2,063		761,622

		2017		3,127		2,103,788

		2018		2,776		2,087,922

		2019		2,308		459,384

		2020		2,958		948,812

		2021		2,449		373,165

						30991066

						7240176



Great Basin Fire History
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all usa

		Year		Number of Fires		Acres Burned

		1960		103,387		4,478,188

		1961		98,517		3,036,219

		1962		115,345		4,078,894

		1963		164,183		7,120,768

		1964		116,358		4,197,309

		1965		113,684		2,652,112

		1966		122,500		4,574,389

		1967		125,025		4,658,586

		1968		125,371		4,231,996

		1969		113,351		6,689,081

		1970		121,736		3,278,565

		1971		108,398		4,278,472

		1972		124,554		2,641,166

		1973		117,957		1,915,273

		1974		145,868		2,879,095

		1975		134,872		1,791,327

		1976		241,699		5,109,926

		1977		173,998		3,152,644

		1978		218,842		3,910,913

		1979		163,196		2,986,826

		1980		234,892		5,260,825

		1981		249,370		4,814,206

		1982		174,755		2,382,036

		1983		18,229		1,323,666

		1984		20,493		1,148,409

		1985		82,591		2,896,147

		1986		85,907		2,719,162

		1987		71,300		2,447,296

		1988		72,750		5,009,290

		1989		48,949		1,827,310

		1990		66,481		4,621,621

		1991		75,754		2,953,578

		1992		87,394		2,069,929

		1993		58,810		1,797,574

		1994		79,107		4,073,579

		1995		82,234		1,840,546

		1996		96,363		6,065,998

		1997		66,196		2,856,959

		1998		81,043		1,329,704

		1999		92,487		5,626,093

		2000		92,250		7,393,493

		2001		84,079		3,570,911

		2002		73,457		7,184,712

		2003		63,629		3,960,842

		2004		65,461		8,097,880

		2005		66,753		8,689,389

		2006		96,385		9,873,745

		2007		85,705		9,328,045

		2008		78,979		5,292,468

		2009		78,792		5,921,786

		2010		71,971		3,422,724

		2011		74,126		8,711,367

		2012		67,774		9,326,238

		2013		47,579		4,319,546

		2014		63,312		3,595,613

		2015		68,151		10,125,149

		2016		67,743		5,509,995

		2017		49,032		8446055

		2018		58,083		8767492

		2019		50,477		4664364

		2020		58,950		10122336

		2021		58,985		7125643



Acres Burned	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	4478188	3036219	4078894	7120768	4197309	2652112	4574389	4658586	4231996	6689081	3278565	4278472	2641166	1915273	2879095	1791327	5109926	3152644	3910913	2986826	5260825	4814206	2382036	1323666	1148409	2896147	2719162	2447296	5009290	1827310	4621621	2953578	2069929	1797574	4073579	1840546	6065998	2856959	1329704	5626093	7393493	3570911	7184712	3960842	8097880	8689389	9873745	9328045	5292468	5921786	3422724	8711367	9326238	4319546	3595613	10125149	5509995	8446055	8767492	4664364	10122336	7125643	Number of Fires	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	103387	98517	115345	164183	116358	113684	122500	125025	125371	113351	121736	108398	124554	117957	145868	134872	241699	173998	218842	163196	234892	249370	174755	18229	20493	82591	85907	71300	72750	48949	66481	75754	87394	58810	79107	82234	96363	66196	81043	92487	92250	84079	73457	63629	65461	66753	96385	85705	78979	78792	71971	74126	67774	47579	63312	68151	67743	49032	58083	50477	58950	58985	
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Presenter Notes
Presentation Notes
Great Basin wildfires typically result in a landscape nearly completely void of vegetation leaving large areas rangeland exposed to erosive forces from wind and water. Both processes are highly affected by the presence of vegetation to attenuate energy and reduce the erosive power of overland flow from water, and sheer stress exerted on the soil surface from wind.



Impacts of Erosion
Wind Erosion Water Erosion

• Nutrient transport and ecosystem 
productivity

• Decreased productivity on site
• Increased productivity with deposition

• Feedbacks with Climate
• Temperature affects through radiation 

budgets

• Human Health
• Valley Fever
• Cardiovascular and Respiratory Illness
• Visibility

• Nutrient transport and ecosystem 
productivity
• Transport of Nutrients from Hillslopes to 

Riparia

• Increased Runoff
• Increased Sediment Loads
• Decreased Reservoir Storage
• Decreased Water Quality



Research Needs
• How Vegetation Changes Alter Soil Erosion in Dryland Ecosystems

• How to Measure Relative Contributions of Wind and Water Erosion to 
Calculate Total Sediment Flux

• Degree to Which One Process Contributes to the Other
• Wind Deposition into Stream Channels
• Overland Flow Deposition Available for Entrainment

• Scaling Issues with Both Wind and Water Erosion



Case Study
Wind Erosion



National Wind Erosion Network



June 2019

May 2020 July 2021

June 2022



Case Study
Water Erosion



Reynold Creek Experimental Watershed

Pierson et al. 2009
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Presenter Notes
Presentation Notes
Extensive bare ground facilitated concentration of runoff from coppices and interspaces and allowed rills to form --- yielding high soil loss (988 g/m2 post-fire relative to 8 g/m2 prefire).At the large plot scale, high rates of runoff post-fire result in formation of concentrated flow paths that amply soil erosion.  Erosion decreased as bare ground declined by 60% with time post-fire.    The number of rills within plots was highest the first year post-fire and declined each year.  Rill formation was related to the spatial susceptibility (bare ground) and to runoff ( water availability).



Wind ErosionWater Erosion

Edwards et al. 2019 Webb et al. 2021



Ravi et al. 2010



Post-Fire Erosion Team
(PfErT)

Future Direction



PfErT Overview
• Advance Understanding of Wind ↔ Water Interactions

• Methods to measure both processes
• How does one process contribute to the other

• Establish Protocols for Rapid-Response Field Teams
• Deploy Equipment Immediately following Wildfire

• Recommend Post-Fire Emergency Stabilization Practices



Instrumentation



Channel Processes Hillslope Processes

Turbidity Sensor



Challenges

• Fires Burn Over Large, Complex Terrain
• Wind Erosion Designed for Negligible Slope
• Minimal Hydrologic Runoff Without Slope

• Scale of Processes vs Measurement

• Monitoring Protocols Relevant to Both Wind 
and Water



Summary

• Erosion Expected to Increase with Future Fire 
Regimes in the Great Basin

• Wind and Water Processes are Coupled

• Understanding How Wind and Water Interact can 
Inform ESR Activities



Collaborators and Thanks

• Beth Newingham – ARS, Reno, NV
• Jason Williams – ARS, Tucson, AZ
• Fred Pierson – ARS, Boise, ID
• Peter Robichaud – USFS, Moscow, ID
• Paul Verburg, University of Nevada, Reno
• Brian Morra, University of Nevada, Reno
• Kossi Nouwakpo, ARS, Kimberly, ID
• JORNADA Experimental Station
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