Oklahoma’s Hazards: Wildfires

Wildfire is a natural part of Oklahoma’s ecosystem. Long before the state was settled, wildfires ran across the prairies, replenishing nutrients to the soils and controlling invasive plant species. With settlement, however, the interaction of wildfire and the environment has changed. Now, people and structures are at-risk from flames spreading across the grasslands and forests of Oklahoma. Today, communities abut wildlands, creating an urban-wildland interface that is at risk of uncontrolled burns.

The development of such urban-wildland interfaces is part of a growing national problem. Fire losses and suppression costs have skyrocketed over the past decade, costing federal agencies alone $1.6 billion in 2002. Western states have been particularly hard-hit, as a prolonged, multi-year drought dried vegetation and forests, creating conditions ripe for raging infernos. As homes have edged up into canyons and forest lands, often far away from water sources that can be used to extinguish flames, costs of fire control have mounted.

 

	Suppression Costs for Federal Agencies

	Year 
	Acres Burned
	Bureau of Land Management 
	Bureau of Indian Affairs 
	Fish and Wildlife Service 
	National Park Service 
	USDA Forest Service 
	Totals 

	1994 
	4,724,014
	$ 98,417,000
	$ 49,202,000
	$ 3,281,000
	$ 16,362,000
	$ 678,000,000
	$ 845,262,000

	1995 
	2,315,730
	$ 56,600,000
	$ 36,219,000
	$ 1,675,000
	$ 21,256,000
	$ 224,300,000
	$ 340,050,000

	1996 
	6,701,390
	$ 96,854,000
	$ 40,779,000
	$ 2,600
	$ 19,832,000
	$ 521,700,000
	$ 679,167,600

	1997 
	3,672,616
	$ 62,470,000
	$ 30,916,000
	$ 2,000
	$ 6,844,000
	$ 155,768,000
	$ 256,000,000

	1998 
	2,329,709
	$ 63,177,000
	$ 27,366,000
	$ 3,800,000
	$ 19,183,000
	$ 215,000,000
	$ 328,526,000

	1999 
	5,661,976
	$ 85,724,000
	$ 42,183,000
	$ 4,500,000
	$ 30,061,000
	$ 361,000,000
	$ 523,468,000

	2000 
	8,422,237
	$180,567,000 
	$ 93,042,000 
	$ 9,417,000 
	$ 53,341,000 
	$ 1,026,000,000 
	$1,362,367,000

	2001
	3,555,138
	$192,115,00
	$ 63,200,000
	$ 7,160,000
	$ 48,092,000 
	$ 607,233,000 
	$ 917,800,000

	2002
	6,937,584
	$ 204,666,000
	$ 109,035,000
	$ 15,245,000
	$ 66,094,000
	$ 1,266,274,000
	$ 1,661,314,000


Source: National Interagency Fire Center, http://www.nifc.gov/stats/wildlandfirestats.html
The U.S. Department of Agriculture Forest Service and Department of the Interior compiled a list of communities bordering federal lands that are considered at high risk of wildfire. The report, published as part of the Federal Register notice (Volume 66, No. 160, August 17, 2001, see http://www.fireplan.gov/reports/351-358-en.pdf), includes nearly every community in Oklahoma. Since 1996, the state has received fire management assistance from FEMA for fires in Cleveland, Creek, Comanche, Leflore, Logan, Murray, Osage, Payne, Stephens, and Woods counties. In 1996, more than 633,000 acres – nearly 1,000 square miles – were burned in Oklahoma, with FEMA assistance totaling $729,000, not including the cost of property and crop losses. 
Oklahoma has some tools to help manage wildfire conditions. Since 1994, real-time weather information has been available from every county in Oklahoma, via the Oklahoma Mesonet. Data from the Mesonet are integrated with vegetation information in a Fire Danger Model (http://agweather.mesonet.org/models/fire/). These tools allow fire managers to see developing threats. Plans are being developed to integrate forecast information into the model, allowing fire managers to see potential conditions as much as 48 hours in advance.
Fire Indices
Fire intensity is controlled by both short-term weather conditions and longer-term vegetation conditions. During intense fires, understory vegetation, such as leaves, small branches, and other organic materials that accumulate on the ground, can become additional fuel for the fire. The most explosive conditions occur when dry, gusty winds blow across dry vegetation. In order to represent both processes, the Fire Danger Model uses two measures: The Burning Index (BI) and Keetch-Byram Drought Index (KDBI).

The Burning Index is a short-term response to meteorological factors. The burning index includes real-time observations of temperature, relative humidity, wind speed and solar radiation. It applies those factors to a vegetation model, which includes the “relative greenness” – a satellite-derived measure of the health of the vegetation – and fuel models for native vegetation, 
	Flame Length
(ft) 
	Fireline Intensity
(Btu/ft/s) 
	Interpretations

	<4 
(BI <40)
	<100
	Fires can generally be attacked at the head or flanks by persons using handtools.

Hand line should hold the fire.

	4-8 
(BI=40-80)
	100-500
	Fires are too intense for direct attack on the head by persons using handtools.

Hand line cannot be relied on to hold fire.

Equipment such as dozers, pumpers, and retardant aircraft can be effective.

	8-11 
(BI=80-110)
	500-1,000
	Fires may present serious control problems--torching out, crowning, and spotting. 

Control efforts at the fire head will probably be ineffective.

	> 11 
(BI > 110)
	> 1,000
	Crowning, spotting, and major fire runs are probable. 

Control efforts at head of fire are ineffective.


assigned on a 1-kilometer grid across the state. The model uses these inputs to produce four indices: Spread Component, Energy Release Component, Ignition Component, and Burning Index. Burning Index is a synthesis of the Spread and Energy Release components, and infers fireline intensity and flame length. The higher the number, the more difficult it is to fight a wildfire. 

	County
	Location
	Average Burning Index
July 1996 – December 2003

	Harmon
	Hollis
	29

	Harper
	Buffalo
	27

	Beaver
	Beaver
	27

	Texas
	Goodwell
	27

	Cimarron
	Boise City
	25

	Dewey
	Camargo
	25

	Texas
	Hooker
	25

	Washita
	Bessie
	25

	Kiowa
	Hobart
	24

	Washita
	Retrop
	24


Fine fuels, such as small twigs and vegetation litter, respond quickly to changing weather conditions and can dry quickly following a rain. Locations with a higher average burning index most likely have experienced repeated episodes of high fire danger, although individual events can peak at locations that are not as prone to high fire danger. Nearly one in three of the 106 Oklahoma Mesonet stations, which have continuous records from July 1996 – December 2003, have peaked in the upper category of the Burning Index (BI >110).  Almost all of these 36 locations are in western Oklahoma, where wind speeds are higher and humidity is lower, contributing to more favorable burning conditions.

	County
	Location
	Percent KDBI Category 4

	McCurtain
	Idabel
	13

	Harper
	Buffalo
	12

	LeFlore
	Wister
	12

	Love
	Burneyville
	12

	Pushmataha
	Clayton
	12

	Tillman
	Tipton
	11

	Alfalfa
	Cherokee
	10

	Caddo
	Hinton
	10

	Choctaw
	Hugo
	10

	Cotton
	Walters
	10

	Jackson
	Altus
	10

	LeFlore
	Talihina
	10

	Marshall
	Madill
	10

	Texas
	Goodwell
	10


A more slowly-responding model is the Keetch-Byram Drought index (KDBI). The KDBI relates to moisture levels in the subsurface layers. This is a better estimation of the potential for organic matter to contribute to fire intensity. For example, even if the burning index is low because the meteorological variables are not favorable for fire ignition, a high KDBI value may be indicative that should a fire start, it will likely be more intense.

Like Burning Index, KDBI values are generally higher in western Oklahoma. However, unlike BI, peak KDBI values are more random.  Every part of Oklahoma, with the exception of Kenton in Cimarron County, has recorded a maximum KDBI value in the upper category (600 to 800) since the Oklahoma Fire Danger Model was implemented in 1996. Fourteen counties have had KDBI values in the upper category for ten percent or more of the time since 1996, with no clear pattern to the distribution. This suggests that fires, once started, can be intense anywhere in the state.
	KBDI Value
	Interpretations

	0 - 200
	
Nearly all soil organic matter, duff, and litter are left intact after a burn. Once the fire passes, remaining embers extinguish quickly and, within a few minutes, the area is completely extinguished and smoke free. 

	200 - 400
	At these levels, litter and duff layers begin to contribute to fire intensity. Heavier fuel classes can become involved in the burn. Soil exposure is minimal. Smoke management can become a real hazard, especially if there are larger fuel classes available. Smoldering with resulting smoke can carry into the night.

	400 - 600
	These levels represent the upper range at which most understory type burning should be conducted. Most of the duff and organic layers will ignite and actively burn. The intensity can be expected to increase almost exponentially from the lower to upper ends of this range. Considerable soil exposure occurs. Complete consumption of all but the largest dead fuels can be expected, and larger fuels not consumed may smolder for several days, leading to smoke and possible fire control problems. 

	600 - 800
	These levels represent the most severe drought conditions, and many states issue burning bans at these levels. Prescribed fires should not even be attempted at levels over 700. Fires that do occur will be intense and deep-burning. Live understory vegetation (2-3" range) should be considered part of the fuel complex due to its low fuel moisture. Most subsurface soil organic material will be consumed; great soil exposure will occur with great future erosion potential. Smoldering may occur for many days, with smoke and fire control problems. 


Frequency of high-fire conditions
Monthly and annual maps of average burning index values confirm the top-ten listing. Overall, burning index values are highest in the west and lowest in the east. On an annual average, burning index is not very high anywhere in the state. The highest average values range between 20 and 30, in the first category.

The highest burning index values show the variability of day-to-day burning index values.  A broad swath of western Oklahoma has recorded burning index values in the highest category, in which major fire runs are possible, since 1996. Much of the area of highest BI values is actually lower than some other regions of the state with regards to overall annual average. Both averages and maxima show the lesser risk from short-term weather conditions in eastern Oklahoma.[image: image1.png]BURNING
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Average Monthly Burning Index for February, May, August and November (clockwise from upper left).  The scale ranges from less than ten (dark green) to greater than 110 (dark red). Averages are from the Oklahoma Fire Danger Model for July 1996 – December 2003. 
The burning index shows some seasonality across Oklahoma. On average, burning conditions are least favorable in May and June and most favorable from July through September, although the Panhandle also shows more favorable burning conditions in the winter months. Monthly maps of average burning index, for the period 1996-2003, reveal a minimum statewide in May and a maximum in August. Overall, July-September has the highest average burning index values across western Oklahoma, with the lesser values apparent in eastern Oklahoma.

Burning Index can peak in the upper categories any month in Oklahoma, although high fire danger conditions in eastern Oklahoma are rare from May – August. By late August, however, much of eastern Oklahoma has begun to dry out and burning indices creep upward again for the fall. The Oklahoma Panhandle and a tier of counties along the Kansas border in western parts of the state have recorded high fire danger days throughout the winter months.
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Peak burning index for June and September, covering the period July 1996 – December 2003. The scale ranges from less than ten (dark green) to greater than 110 (dark red). 
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Average annual and maximum Keetch-Byram Drought Index. The scale ranges from less than 100 (blue) to greater than 700 (red).  Data are from the Oklahoma Fire Danger Model, July 1996 – December 2003.
The Keetch-Byram Drought Index shows a remarkably abrupt increase during summertime. KDBI values statewide remain in the lowest category through June, and then increase dramatically in July, and is especially evident in southern Oklahoma. KDBI values, on average, peak in August – September, and then decline nearly as quickly as they rose. Maximum recorded KDBI values follow a similar trend, increasing statewide in July and declining in the fall. 

The combination of the two indices illustrates the highest potential for uncontrolled wildfires. A high burning index suggests that fires may start easily, such as from a discarded cigarette, and high KDBI values suggest plenty of organic material that will contribute to fire intensity. There is a relative maximum in both indices in the Panhandle during the winter months, and the both peak across southern and western Oklahoma in August.
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Average Monthly KDBI for February, May, August and November (clockwise from upper left).  The scale ranges from less than 100 (blue) to greater than 700 (red). Averages are from the Oklahoma Fire Danger Model for July 1996 – December 2003.
Wildfire Events in Oklahoma
	Dates with widespread risk of wildfires

(Burning Index > 80; KDBI  > 600)

	Year
	Month
	Day
	No. of Sites

	2000
	9
	19
	52

	2000
	9
	18
	37

	2000
	10
	1
	26

	2000
	9
	20
	22

	2000
	9
	22
	21

	2000
	9
	17
	20

	2000
	9
	30
	19

	2000
	10
	10
	19

	2000
	9
	11
	18

	2000
	9
	14
	18

	2000
	9
	29
	18

	2000
	9
	21
	17

	2000
	9
	10
	16

	2000
	10
	12
	16

	2000
	10
	11
	15

	2000
	9
	15
	14

	2000
	10
	3
	14

	1998
	9
	25
	13

	1998
	9
	26
	13

	2000
	9
	5
	11

	2000
	9
	16
	11

	2001
	8
	21
	10


Since the summer of 1996, there have been 226 days in which burning index was in the upper two categories and KDBI was in the highest category at one or more Mesonet sites. There have been 100 days in which two or more stations have been in the highest 2 BI categories and highest KDBI categories and 22 days on which ten or more stations met those criteria.  The most widespread conditions occurred on September 18-19, 2000, when 52 stations, or nearly half the state, met those criteria. All but 3 of the dates of widespread fire danger occurred during the drought-stricken summer of 2000. February of 1996 also experienced widespread wildfire outbreaks, but data from the Fire Danger Model are not available to evaluate those conditions at this time.
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Burning Index on September 19, 2000.
During August and September of 2000, several large wildfires were reported in the state. The largest of these burned 11,500 acres in the Arbuckle Mountains, in Carter, Murray, and Garvin counties. It took firefighters nearly two weeks to extinguish the blaze. On September 19th, a large fire near Guthrie in Logan County destroyed 35 homes. Numerous other smaller fires were reported during the timeframe. 
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The FEMA website lists Fire Management Assistance being provided to Oklahoma for three separate fire complexes in Oklahoma on September 19-21, 2000. FEMA also provided Fire Management Assistance to Oklahoma for seven separate events in 1996. Wildfires needing assistance were spread across a large portion of northern and western Oklahoma, including Woods, Payne, Osage, Cleveland and Stephens Counties. 
      Burning Index on February 22, 1996
Mitigating Wildfire Risk
Weather conditions leading to wildfires can change rapidly. Thus, there are few measures, other than rapid-response, that can contain wildfires and limit their threat to property. However, longer-term mitigation measures are possible.  The American Planning Association lists ten steps that communities can take to lessen wildfire danger (Source: http://www.planning.org/ newsreleases/1999/ftp0818.htm):

1. Assess the site location and topography of proposed development and in areas with existing subdivisions and other buildings.
What types of fuels (including all vegetation) are in the surrounding area, and how stable is the soil? Mudslides and landslides can contribute to, or affect, wildfires. 

2. Evaluate how buildings are designed and constructed.
What materials have been used for existing buildings and how flammable are the materials overall? Evaluate overhang features for their potential to exacerbate fire damage by creating unnecessary updrafts. 

3. Maintain an adequate defensive zone, usually about 30 feet, between vegetation and buildings to retard the spread of wildfires to structures.
Planting trees next to houses or other buildings in wildfire hazard areas only increases the risks of an ensuing disaster. 

4. Install dry hydrants or other devices or structures to store rainwater for future fire-fighting needs.
Particularly in outlying areas that are more vulnerable to firestorms because of inadequate water storage and delivery systems. 

5. Develop a wildfire hazard map of your community.
Such a map should identify types of vegetation and their flammability, location of various roofing materials, topography and other factors using geographical information systems (GIS) data. 

6. Evaluate street widths, especially in fire-prone hillside and mountainous areas, for accessibility by fire vehicles or for speedy evacuation of residents.
Post-disaster reconstruction has shown time and time again that street widening is one of the most needed post-disaster safety improvements. 

7. Undertake pre-event planning for wildland fire recovery and reconstruction.
Such planning provides a systematic approach to develop what-if scenarios, address wildfire hazard mitigation issues as well as to prepare for possible post-disaster mitigation opportunities. 

8. Use an interdisciplinary approach when undertaking pre-disaster planning.
Take into account all factors including topography, layout and design of neighborhoods, population density, building intensity, intermixture of development with forested environments, flammability of vegetation, access and street widths, and water system capacity. 

9. Develop unique mitigation measures when standard practices aren't feasible. 
Tailored mitigation measures should emphasize improved fire safety and lowered overall risk levels in areas where existing street and lot patterns do not lend themselves to standard measures, which require large building lots, dual access and setbacks from slopes. 

10. Adopt a post-disaster reconstruction plan for your community and apply it to on-going, routine planning activities.
Such a plan enables your community to identify opportunities and funds for hazard mitigation that time and circumstances seldom allow in the wake of a disaster. Local planners can help guide and coordinate the efforts of citizen groups, government agencies, community leaders and others involved in developing and approving a reconstruction plan. 

Additional Resources
National Interagency Fire Center: http://www.nifc.gov/stats/wildlandfirestats.html
USDA Forest Service: http://www.fs.fed.us/fire/
FEMA: http://www.fema.gov/hazards/fires/wildfires.shtm
Oklahoma Fire Danger Model: http://agweather.mesonet.org/models/fire/default.html
Disasterhelp.gov: https://disasterhelp.gov/portal/jhtml/community.jhtml?community= Fire&index=0&id=3
Wildland Fire Leadership Council: http://www.fireplan.gov/content/activity_in_your_state/ ?StateID=37&LanguageID=1

	NAME
	AVG BI
	MAX BI
	AVG KDBI
	MAX KDBI
	

	Adair
	Westville
	9
	42
	168
	743

	Alfalfa
	Cherokee
	21
	165
	222
	708

	Atoka
	Lane
	8
	38
	216
	776

	Beaver
	Beaver
	27
	136
	271
	674

	Beaver
	Slapout
	22
	96
	218
	656

	Beckham
	Erick
	20
	102
	276
	712

	Blaine
	Watonga
	18
	147
	180
	728

	Bryan
	Durant
	12
	92
	212
	764

	Caddo
	Apache
	19
	128
	228
	701

	Caddo
	Fort Cobb
	17
	105
	244
	750

	Caddo
	Hinton
	19
	113
	210
	703

	Canadian
	El Reno
	17
	123
	181
	732

	Carter
	Ardmore
	12
	85
	189
	744

	Cherokee
	Cookson
	8
	37
	155
	737

	Cherokee
	Tahlequah
	9
	45
	182
	723

	Choctaw
	Hugo
	11
	76
	237
	784

	Cimarron
	Boise City
	25
	137
	216
	619

	Cimarron
	Kenton
	24
	120
	180
	577

	Coal
	Centrahoma
	8
	82
	215
	739

	Comanche
	Medicine Park
	21
	119
	236
	739

	Cotton
	Walters
	19
	94
	262
	786

	Craig
	Vinita
	9
	44
	176
	687

	Creek
	Bristow
	8
	98
	170
	754

	Creek
	Oilton
	9
	38
	159
	688

	Custer
	Butler
	18
	95
	242
	703

	Custer
	Weatherford
	23
	155
	203
	691

	Delaware
	Jay
	8
	44
	182
	672

	Dewey
	Camargo
	25
	129
	228
	701

	Dewey
	Putnam
	21
	125
	214
	697

	Ellis
	Arnett
	21
	96
	217
	662

	Garfield
	Breckenridge
	18
	154
	215
	709

	Garvin
	Byars
	10
	70
	169
	737

	Garvin
	Pauls Valley
	13
	78
	202
	767

	Grady
	Acme
	18
	149
	240
	726

	Grady
	Chickasha
	16
	107
	236
	751

	Grady
	Minco
	17
	128
	221
	760

	Grady
	Ninnekah
	18
	116
	244
	756

	Grant
	Medford
	17
	134
	203
	713

	Greer
	Mangum
	23
	100
	304
	755

	Harmon
	Hollis
	29
	112
	319
	773

	Harper
	Buffalo
	27
	152
	277
	705

	Haskell
	Stigler
	9
	54
	211
	739

	Hughes
	Calvin
	11
	74
	196
	740

	Jackson
	Altus
	23
	144
	293
	740

	Jefferson
	Ringling
	19
	139
	256
	779



	NAME
	AVG BI
	MAX BI
	AVG KDBI
	MAX KDBI
	

	Jefferson
	Waurika
	16
	96
	244
	753

	Johnston
	Tishomingo
	13
	90
	204
	745

	Kay
	Blackwell
	15
	114
	173
	711

	Kay
	Newkirk
	17
	106
	152
	711

	Kingfisher
	Kingfisher
	18
	161
	185
	733

	Kiowa
	Hobart
	24
	155
	222
	727

	Latimer
	Wilburton
	8
	34
	214
	745

	LeFlore
	Talihina
	8
	78
	231
	781

	LeFlore
	Wister
	9
	52
	232
	781

	Lincoln
	Chandler
	13
	82
	135
	706

	Logan
	Guthrie
	13
	108
	146
	693

	Love
	Burneyville
	15
	113
	286
	776

	Major
	Fairview
	20
	135
	209
	711

	Major
	Lahoma
	20
	157
	179
	720

	Marshall
	Madill
	13
	82
	249
	754

	Mayes
	Pryor
	10
	49
	175
	673

	McClain
	Washington
	14
	96
	221
	781

	McCurtain
	Idabel
	11
	79
	248
	774

	McCurtain
	Mt Herman
	13
	49
	211
	777

	McIntosh
	Eufaula
	8
	36
	184
	748

	Murray
	Sulphur
	12
	76
	184
	768

	Muskogee
	Haskell
	11
	95
	166
	718

	Muskogee
	Webbers Falls
	12
	82
	203
	744

	Noble
	Red Rock
	17
	130
	140
	676

	Nowata
	Nowata
	10
	43
	150
	700

	Okfuskee
	Okemah
	10
	103
	160
	758

	Oklahoma
	Spencer
	8
	44
	146
	754

	Okmulgee
	Hectorville
	-99
	111
	-99
	694

	Okmulgee
	Okmulgee
	10
	72
	170
	706

	Osage
	Burbank
	14
	104
	154
	716

	Osage
	Foraker
	16
	105
	179
	695

	Osage
	Skiatook
	9
	43
	154
	651

	Osage
	Wynona
	10
	42
	160
	698

	Ottawa
	Miami
	12
	93
	194
	709

	Pawnee
	Pawnee
	14
	91
	150
	708

	Payne
	Marena
	14
	84
	158
	682

	Payne
	Perkins
	13
	108
	178
	724

	Payne
	Stillwater
	14
	93
	179
	696

	Pittsburg
	McAlester
	11
	71
	228
	762

	Pittsburg
	Stuart
	9
	72
	227
	741

	Pontotoc
	Ada
	13
	78
	208
	730

	Pottawatomie
	Shawnee
	13
	103
	179
	737

	Pushmataha
	Antlers
	7
	55
	182
	775

	Pushmataha
	Clayton
	9
	45
	258
	771

	Pushmataha
	Cloudy
	7
	61
	198
	755

	Roger Mills
	Cheyenne
	22
	110
	183
	652

	Seminole
	Bowlegs
	9
	37
	165
	710



	NAME
	AVG BI
	MAX BI
	AVG KDBI
	MAX KDBI
	

	Sequoyah
	Sallisaw
	11
	94
	209
	760

	Stephens
	Ketchum Ranch
	20
	134
	213
	732

	Texas
	Goodwell
	27
	118
	306
	695

	Texas
	Hooker
	25
	117
	283
	656

	Tillman
	Tipton
	18
	93
	284
	730

	Tulsa
	Bixby
	13
	65
	161
	685

	Washington
	Copan
	13
	96
	178
	696

	Washita
	Bessie
	25
	115
	241
	747

	Washita
	Retrop
	24
	130
	277
	732

	Woods
	May Ranch
	16
	77
	179
	608

	Woodward
	Freedom
	20
	132
	184
	641

	Woodward
	Seiling
	18
	85
	209
	695

	Woodward
	Woodward
	17
	90
	191
	691


