
Fire in the Intermountain Southwest Region

During 10 days in June 2010, a 15,075-acre fire—small, in comparison to Southwest fires in the last 15 years—ripped through the Coconino National Forest, just northeast of Flagstaff. Whipped by high winds, the fire burned quickly through ponderosa and mixed-conifer forests, covered the city with smoke and ash, and resulted in the evacuation of more than 1,000 residents[endnoteRef:1]. But, the big damage from the Schultz Fire came around one month later, when intense rain from a summer thunderstorm washed debris, sediment, and ash downhill and caused local flooding, damaging homes, roads and infrastructure, and utility lines. The total impact of the fire, including indirect effects such as cleanup, loss in personal wealth due to reduced property values, flood insurance premiums, destruction of habitat and other impacts, was conservatively estimated at $133-$147 million[endnoteRef:2]. The event was tragic, and it was fortunate for the City of Flagstaff that the watershed directly facing the city did not burn, as the damage, cost, and loss of life would probably have been much greater—on the order of $489-$986 million, according to a 2014 report[endnoteRef:3]. [1:  Youberg, A., K. Koestner, and D. Neary. 2011. Wildfire, rain, and floods: A case study of the June 2010 Schultz wildfire, Flagstaff, Arizona. Arizona Geological Survey Newsletter. Vol. 40, No. 3, 5 p.]  [2:  Combrink, T., C. Cothran, W. Fox, J. Peterson, and G. Snider. 2013. A full cost accounting of the 2010 Schultz Fire. Ecological Restoration Institute, Northern Arizona University, Flagstaff. http://www.idahoforests.org/img/pdf/FullCostAccounting2010SchultzFire.pdf. ]  [3:  Arizona Rural Policy Institute. 2014. Flagstaff Watershed Protection Project Cost Avoidance Study. October 2014. Prepared for the Flagstaff Watershed Protection Project Monitoring Committee. Flagstaff, AZ: Northern Arizona University, 18 pp. http://cusp.ws/wp-content/uploads/2014/12/Final-FWPP-Cost-Avoidance-October-27.pdf ] 


Wildfire is arguably the most visible impact of drought in the Intermountain Southwest region, and one of the key climate-related impacts affecting the cities and economies of the region, including Western Adaptation Alliance (WAA) communities. Below, we explore wildfire and its effects, and measures being taken to address fire risks in the region.

Impacts of Fire in the Intermountain Southwest
We typically think of the direct impacts of fire, such as loss of timber and forest resources, loss of structures, damage to utility lines, and the direct costs of fire, such as the costs of fire suppression and private property losses. However, reports by the Western Forestry Leadership Coalition and others point out other impacts and costs, which may far exceed direct impacts and costs (Table 1). These include: long-term rehabilitation, such as watershed damage, post-fire flooding, increased invasive species; indirect effects, such as loss of tax and tourism revenues, decreased property values; and, additional costs, such as loss of human life, health problems—perhaps due to smoke and decreased air quality during fires—loss of wildlife, scenic beauty, and other hard to quantify values. 

Examples from fires affecting WAA cities include:
· More than $4 million to replace culverts in roadways damaged by the 2012 High Park Fire, near Fort Collins[endnoteRef:4] [4:  Duggan, K. 2013. Millions still being poured into High Park Fire recovery. The Coloradoan.] 

· $1.5 million for a facility above the Fort Collins water treatment plant, to allow post-fire sediment to settle[endnoteRef:5] [5:  Duggan, K. 2013. Millions still being poured into High Park Fire recovery. The Coloradoan.] 

· $218 million in insurance claims for the 2010 Fourmile Canyon fire near Boulder—the most costly fire in Colorado’s history[endnoteRef:6] [6:  Moriarty, K. and T. Cheng. 2012. Hayman Fire Research Summary, 2003-2012. Prepared for the Hayman Fire Science Symposium, June 21-22, 2012. Colorado Forest Restoration Institute. Ft. Collins, Colorado State University, 22 pp.] 

· $24 million in real estate property losses associated with the 2002 Hayman Fire, in Colorado[endnoteRef:7] [7:  Moriarty, K. and T. Cheng. 2012. Hayman Fire Research Summary, 2003-2012. Prepared for the Hayman Fire Science Symposium, June 21-22, 2012. Colorado Forest Restoration Institute. Ft. Collins, Colorado State University, 22 pp.] 

· Reduced air quality across the central Rocky Mountains, associated with Arizona’s 2011 Wallow Fire—largest single forest fire ever recorded in the lower 48 states
· 600 residential evacuations and closure of state routes 156 and 157, during southern Nevada’s 2013 Carpenter 1 Fire, southwest of Las Vegas[endnoteRef:8] [8:  USDA Forest Service. 2013. Carpenter 1 Fire Update – July 6 evening. http://www.fs.usda.gov/detail/htnf/news-events/?cid=STELPRDB5426986 ] 

· Loss of cultural and archeological sites, and tourism economy dollars and amenities during the 2011 Las Conchas Fire, near Santa Fe[endnoteRef:9] [9:  Chermak, J., B. Parmenter, D. Bushnell, C. Dahm, H. Balas, and V. Tidwell. 2012. New Mexico Fire and Water: Impacts and Lessons from the Las Conchas Fire. Albuquerque, EPSCoR and New Mexico First, 25 pp. https://www.env.nm.gov/swqb/Wildfire/11.EPSCoRFinalReport.pdf ] 


Table 1. The multiple costs (in millions $) of some large Southwest fires. Source: Dale, L. 2010. The true cost of wildfire in the Western US. Western Forestry Leadership Coalition. Lakewood, Colorado, 16 pp. http://www.wflccenter.org/news_pdf/324_pdf.pdf.
	
	
	
	
	
	
	

	FIRE
	Suppression
	Other Direct
	Rehabilitation
	Indirect
	Additional
	Total
	Percent of Cost for Suppression

	Cerro Grande
(NM 2000)
	$33,500,000
	$864,500,000
	$72,388,944
	n/a
	n/a
	$970,388,944
	3%

	Hayman
(CO 2002)
	$42,279,000
	$93,269,834
	$39,930,000
	$2,691,601
	$29,529,614
	$207,700,049
	20%

	Missionary
Ridge
(CO 2002)
	$37,714,992
	$52,561,331
	$8,623,203
	$50,499,849
	$3,404,410
	$152,803,785
	25%

	Rodeo-Chedeski
(AZ 2002)
	$46,500,000
	$122,500,000
	$139,000,000
	$403,000
	n/a
	$308,403,000
	15%



Post-Fire Flooding
In many parts of the Intermountain Southwest, fires, ignited by humans, occur during long stretches of consecutive days without rain during the late springtime. This is often the windiest time of year, which propels the rapid spread of fire. In addition, many of the most severe fires originate in steep and complex terrain, which makes it difficult for firefighters to suppress them. Following severe wildland fires, summer thunderstorms—which are inherently intense rainfalls— can trigger extensive erosion, debris flows, and flooding. Intense precipitation, even years after a severe fire can also generate debris flows and landslides, such as in 2006, in Tucson, when high-intensity precipitation, three years after the 84,750-acre Aspen Fire, sent boulders and debris downhill, severely damaging the U.S. Forest Service’s Sabino Canyon Recreation Areaa.
Cascading from these secondary impacts of severe, forest incinerating wildfires, are impacts to water supplies, reduced downstream water quality, impacts to culverts, roads and other infrastructure. New Mexico’s Buckman Direct Diversion, a key to processing Albuquerque’s Rio Grande surface water supply, was shut down or operated at lower capacity for months following Las Conchas Fire post-fire floodsb. Similarly, the Strontia Springs and Cheesman reservoirs, important for Denver’s drinking water supplies, were inundated with sediment from the 2002 Hayman Firec. Given the relatively slow pace and high cost of sediment removal, Denver Water will probably feel the effects of this 2002 fire for years to come.
a  Magirl, C.S., Webb, R. H., Griffiths, P. G., Schaffner, M., Shoemaker, C., Pytlak, E., and Pearthree, P. A. (2007). Impact of recent extreme Arizona storms. Eos, Transactions American Geophysical Union, 88(17), 191-193.
b Chermak, J., B. Parmenter, D. Bushnell, C. Dahm, H. Balas, and V. Tidwell. 2012. New Mexico Fire and Water: Impacts and Lessons from the Las Conchas Fire. Albuquerque, EPSCoR and New Mexico First, 25 pp. https://www.env.nm.gov/swqb/Wildfire/11.EPSCoRFinalReport.pdf 
c Meyer, J.P. 2006. Hayman fire still mucking up water. Denver Post. http://www.denverpost.com/ci_4713914




Background on Extreme Fire in the Southwest
During the last several decades, acres burned by wildfires in the southwestern United States have increased three-fold[endnoteRef:10]. The acreage of the largest wildland fires in the Southwest has increased from tens of thousands to hundreds of thousands of acres (Figure 1). These changes in the sizes of wildfires are attributed to a combination of early snowmelt, increased temperatures[endnoteRef:11], land management practices and other factors[endnoteRef:12]. Fire severity has also increased, replacing entire forest stands, incinerating soils, and establishing the conditions for massive erosion[endnoteRef:13]. These factors are amplified during severe drought years, during which large and intense fires can affect every state in the region (see below—Regional Fire Years). [10:  Fleishman, E., J. Belnap, N. Cobb, C. A. F. Enquist, K. Ford, G. MacDonald, M. Pellant, T. Schoennagel, L. M. Schmit, M. Schwartz, S. v. Drunick, A. L. Westerling, A. Keyser, and R. Lucas. 2013. Natural Ecosystems. In G. Garfin, A. Jardine, R. Merideth, M. Black, and S. Leroy, editors. Assessment of Climate Change in the Southwest United States: A Report Prepared for the National Climate Assessment. Island Press, Washington, DC, pp. 148-167. http://swcarr.arizona.edu/chapter/8 ]  [11:  Williams, A. P., C. D. Allen, A. K. Macalady, D. Griffin, C. A. Woodhouse, D. M. Meko, T. W. Swetnam, S. A. Rauscher, R. Seager, and H. D. Grissino-Mayer. 2013. Temperature as a potent driver of regional forest drought stress and tree mortality. Nature Climate Change 3:292-297.]  [12:  O’Connor, C. D., G. M. Garfin, D. A. Falk, and T. W. Swetnam. 2011. Human Pyrogeography: A New Synergy of Fire, Climate and People is Reshaping Ecosystems across the Globe. Geography Compass 5:329-350.]  [13:  Stephens, S., J. Agee, P. Fulé, M. North, W. Romme, T. Swetnam, and M. Turner. 2013. Managing forests and fire in changing climates. Science 342:41-42.] 


Figure 1. Area of large (>1,000 acre [400 ha]) wildfires that burned lands dominated by forest and woodland and managed by the U.S. Bureau of Indian Affairs, U.S. National Park Service, and U.S. Forest Service in Arizona, California, Nevada, New Mexico, and Utah. Data from Westerling, Turner, Smithwick et al. (2011 online supplement); U.S. Department of the Interior (2008 fire data); and U.S. Department of Agriculture (https://fam.nwcg.gov/fam-web/kcfast/mnmenu.htm). Figure from Assessment of Climate Change in the Southwest U.S., Chapter 8.

[image: ]

Regional Fire Years. Fire is a threat to some part of the Intermountain Southwest in almost every year. The areas where urban development meets forested wildlands—the so-called wildland-urban interface, or WUI—are often at high fire risk, although fires seldom directly threaten most WAA cities. Yet, in years with dry winters, often associated with region-wide drought, wildfire can be sufficiently widespread to affect the entire region. In the last 15 years, these region-wide fire years have generated headline-grabbing fires, with record-breaking acres burned, and potent combinations of direct and indirect impacts to Southwest cities. With the exception of 2005, the fire years mentioned below were also years of widespread and severe regional drought. 

In 2002, over 2.2 million acres burned in the Four Corners states (Arizona, Colorado, New Mexico, and Utah). Fires included what was, at the time, Arizona’s largest fire, the Rodeo-Chediski Fire, which consumed 468,638 acres (an area 60% the size of the state of Rhode Island), and Colorado’s largest fire (by area), the Hayman Fire, which consumed almost 138,000 acres. That year, more than 200,000 acres burned in each of the Four Corners states. In addition to the tragic loss of lives, fire suppression costs, loss of property, structures, forest resources, and wildlife habitat, the large 2002 fires affected regional tourism and economies.Wildland-Urban Interface
The draw of living in the woods is bringing more and more people to the wildland-urban interface (WUI)—the place where urban development meets wildland. As of 2002, in the western U.S., 38 percent of new home construction was in, or adjacent to, the WUId. The WUI makes it easy for fire to jump from vegetation to structures and increases the risk of damage to structures and people. Creating “’defensible properties’ – [where] the entire property is treated, border to border regardless of size, with no variation or zoning of treatment intensity throughout,” is one way managers in Flagstaff protect neighborhoods in the WUIe.
[image: ]
Figure 2. A home in the WUI that was impacted by the Hayman Fire in 2002. The main home survived thanks to the help of pre-treatment and bucket drops, but two guest houses and most of the nearby trees were lost. Source: National Interagency Fire Center.
d  U.S. Fire Administration. Fires in the Wildland/Urban Interface. 2002. Topical Fire Research Series, Vol. 2 Issue 16. http://nfa.usfa.dhs.gov/downloads/pdf/statistics/v2i16-508.pdf
e Personal communication with Paul Summerfelt, Wildland Fire Management Officer with City of Flagstaff



In 2005, over 1.3 million acres burned in the Four Corners states, primarily in Arizona and Utah. A notable feature of the 2005 fires is that the largest fires were grass and shrub fires, driven by a wet winter that set up lower elevation areas with grasses and other fine vegetative fuels. During 2005, more than 1 million acres burned in Nevada—primarily grass and shrub fires—and Arizona’s Cave Creek Complex Fire (248,310 acres) burned primarily in grass, shrub, and sparse woodland. The Cave Creek Fire edged up to urban development not far from Phoenix.

In 2011, over 2.5 million acres burned in the Four Corners states, primarily in Arizona and New Mexico, both of which suffered their largest fires at the time. Arizona’s Wallow Fire stands as its largest at 538,000 acres. The location of the fire, its extent, and the expansive smoke generated by the fire affected cities far from its rural origin, attracting national and international media attention. New Mexico’s Las Conchas Fire (156,593 acres) threatened the small city of Los Alamos; smoke generated by the fire billowed east to the state capital, Santa Fe.ENSO-Fire Story
In a 1990 scientific publicationf, researchers examined 400 years of tree-ring fire scar records from the southwestern United States, and they demonstrated a strong correlation between wildfires and the sequence of a wet El Niño winter followed by two dry winters. In the Southwest, La Niña conditions usually result in a dry winter; this effect is strongest in the southern part of the region. Thus, wet El Niño winters set in motion the build-up of fine fuels, such as grasses and small shrubs, which foster the spread of fire once an ignition has occurred. A couple of years later, when conditions in the Pacific Ocean switch, dry La Niña winters in the Southwest set up the prospect of large and damaging fires, given the presence of an ignition. This pattern has been confirmed in many studies, and has contributed to an ability to forecast fire potential months in advance of the typical spring-summer fire seasong.
f Swetnam TW and Betancourt JL. 1990. Fire-Southern Oscillation relations in the Southwestern United States. Science, 249, 1017-1020.
ghttp://www.predictiveservices.nifc.gov/outlooks/outlooks.htm


The year 2012 was marked again by more than 200,000 acres burned in each of the Four Corners states, including New Mexico’s largest fire, Whitewater-Baldy (297,845 acres), which impacted nearby Silver City. 2012 was also notable for severe and massive Colorado fires, including the 87,284-acre High Park Fire near Fort Collins, and the Waldo Canyon Fire, which devastated Colorado Springs’ wildland-urban interface.

Tackling the Challenge of Intermountain Southwest Wildfire
While wildfire remains a costly and sometimes deadly threat to the region, WAA cities, urban water providers, federal agencies, and non-governmental organizations have developed and implemented creative plans, particularly in recent years, to address key wildfire risks. Much of this innovation is aimed at integrating multiple concerns, such as reducing fire risk, improving forest health, and mitigating risks to downstream reservoirs and water supplies. By connecting the dots between headwaters forests and urban amenities, these broad-based alliances are making headway, as demonstrated by the examples below.

Flagstaff Forest Protection Project. In November 2012, 74% of voters in the City of Flagstaff approved a bond measure to fund $10 million in forest treatments across approximately 13,500 acres of federal, state, city, and private lands, to reduce the risk of high-intensity “uncharacteristic” wildfire. The city is working with the U.S. Forest Service, as well as private sector and non-profit partners to implement the project, through traditional logging, small-scale hand thinning, and prescribed fire in two watersheds near the city and its main surface water supply. A 2014 report shows that the $10 million investment, pledged by city voters, can save over $1 billion in estimated post-fire costs[endnoteRef:14]. [14:  Arizona Rural Policy Institute. 2014. Flagstaff Watershed Protection Project Cost Avoidance Study. October 2014. Prepared for the Flagstaff Watershed Protection Project Monitoring Committee. Flagstaff, AZ: Northern Arizona University, 18 pp. http://cusp.ws/wp-content/uploads/2014/12/Final-FWPP-Cost-Avoidance-October-27.pdf] 


Forests to Faucets. In the aftermath of the devastating 2002 Hayman Fire in Colorado, Denver Water, whose reservoir system was affected by sediment, ash, and debris from the fire, partnered with the U.S. Forest Service to implement a $33 million forest treatment and watershed protection project. Given the very high costs associated with post-Hayman Fire debris removal, infrastructure projects, erosion stabilization, and loss of structures and residences, this innovative program helps ensure future water quality for Denver’s 1.3 million residents.

New Mexico Water Funds. Still in the midst of a protracted drought, during the last 15 years northern New Mexico has been the site of some of the most severe and extensive wildfires on record. WAA cities, like Santa Fe, and other New Mexico cities and their partners, notably The Nature Conservancy, established water funds to help pay for forest restoration and, where possible, thinning, in order to protect forests and avoid impacts to urban drinking water supplies. The recently established Rio Grande Water Fund aims to generate funds for a multi-decade program of watershed restoration; contributing to the water fund are private sector partners, such as Lowe’s and Wells Fargo[endnoteRef:15]. These forward-looking partnerships take into account the loss and early melt of much needed snowpack, due to increasing temperatures and drought. [15:  Postel, S. 2014. Wildfires in the Western U.S. Are on the Rise, Posing Threats to Drinking Water. National Geographic Water Currents. April 29, 2014. http://voices.nationalgeographic.com/blog/water-currents/ ] 


Northern Arizona Forest Fund. In the last dozen years, the forests of northeastern Arizona set records for the state’s largest fires. These fires occurred, in part, in the watersheds that provide water to Phoenix, a city with a metropolitan area population of 4.3 million; the fires sent debris and sediment into drinking water supply reservoirs, and generated expenses for additional water treatment. The city’s major water provider, Salt River Project, along with the National Forest Foundation, has embarked upon a program to fund watershed health treatments to reduce wildfire risk, improve streams and wetlands, enhance wildlife habitat, restore native plants, and limit erosion and sediment into Arizona streams, rivers, and reservoirs.

Preparing for the Future
As people and fire come into contact more and more frequently, primarily through the wildland-urban interface, there will be an increasing need for partnerships to tackle the interlinked challenges of fire management and policy, forest ecosystem health, flood preparedness and control, and water and air quality. Numerous scientific studies project an increase in fire activity compared to recent historical baselines, partly due to attrition of snowpack by higher temperatures. Pro-active planning and decision making, to reduce the combustibility of the land, protect structures and neighborhoods, and increase the preparedness of citizens is essential. WAA cities, and their counterparts across the Intermountain Southwest, have made initial steps in the right direction. As the Flagstaff cost avoidance study[endnoteRef:16] shows, millions of dollars invested today can save billions of dollars and inestimable misery in the future. [16:  Arizona Rural Policy Institute. 2014. Flagstaff Watershed Protection Project Cost Avoidance Study. October 2014. Prepared for the Flagstaff Watershed Protection Project Monitoring Committee. Flagstaff, AZ: Northern Arizona University, 18 pp. http://cusp.ws/wp-content/uploads/2014/12/Final-FWPP-Cost-Avoidance-October-27.pdf ] 
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