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Wildfire in a Warming World  
PART II: FUTURE OUTLOOK & RESOURCES 
NOVEMBER 30, 2016  /  BY JENNIFER HUSHAW & SI BALCH 
 

In Part I, we discussed the recent rise in U.S. wildfire, the evidence suggesting climate is a major driver 
of that increase, and the reality that future increases in temperature and drought frequency (in some 
regions) will lead to greater fire potential, especially in moisture-limited ecosystems. There is no 
question that wildfire risk has changed (and will continue to change) as a result of on-going climate 
change. Importantly, the anticipated shifts in fire will have big 
implications for commercial forests and conservation lands 
alike, as well as implications for the climate system itself 
because wildfire acts as a positive feedback that accelerates 
terrestrial carbon emissions. Severe disturbance caused by 
novel fire regimes may also hasten the species shifts 
expected with climate change, making fire an important driver 
of ecosystem change in both the near- and long-term. 

In Part II, we describe the latest research on future changes in 
fire frequency, extent, and/or severity, as well as discussing 
management strategies and outlining some useful 
information sources.   

Overview of Changing Fire Risk 

FIRE POTENTIAL & SEASONALITY   

Fire potential and the length of the fire season are projected 
to increase in many regions. These changes will be driven by 
earlier snowmelt, warmer temperatures (particularly summer), 
drought stress, and changes in soil water content (Keane et 
al. 2015; Waring and Coops 2016; Young et al. 2016) 
associated with climate change.  

In the continental U.S., the potential for very large fires 
(>12,355 acres) is strongly linked to meteorological and 
climatological conditions. Recent research indicates that the 
potential for very large fires will increase in historically fire-
prone regions as a result of climate change, while other 

B U L L E TI N  

NEW RESEARCH UPDATE 

In Part I, we asked: “To what extent, if 
any, has climate change contributed to 
observed increases in wildfire activity?” 
Since that bulletin, a new study was 
published that quantifies how much the 
recent increase in western U.S. wildfire 
can be attributed to human-caused 
climate change.  

Researchers used modeled climate 
projections to disentangle the effects of 
anthropogenic climate change, land 
management, land use change, historic 
fire suppression, and natural climate 
variability on recent increases in fuel 
aridity and burned area. 

They found that human-caused climate 
change “accounted for ~55% of 
observed increases in fuel aridity from 
1979 to 2015 across western US 
forests” and “contributed to an 
additional 4.2 million ha [10.4 million 
acres] of forest fire area during 1984–
2015, nearly doubling the forest fire 
area expected in its absence.” 
(Abatzoglou & Williams 2016) 

http://climatesmartnetwork.org/2016/09/wildfire-in-a-warming-world-part-1/
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regions will experience an earlier start or an overall extension of the fire season as atmospheric 
conditions become conducive earlier in the year and persist later (Barbero et al. 2015) – see details in 
The North American Outlook (below).  

Drier fuels will also increase fire potential because fuel moisture is highly sensitive to temperature. For 
example, a recent analysis in Canada found that for each additional degree of warming, a 5 to 15% 
increase in precipitation is required to maintain fuel moisture, depending on the type of fuel in question 
(i.e. fine surface fuels, duff layers, or deep organic soils) (Flannigan et al. 2016). In the absence of a 
sufficient precipitation increase, these fuels begin to dry out and move closer to critical thresholds for 
fire ignition and spread. In fact, Canada is expected to have more days of extreme fire weather because 
future precipitation will be insufficient to compensate for the drying associated with warmer 
temperatures – this is true even for future scenarios with the greatest precipitation increase (i.e. 40%) 
(Flannigan et al. 2016).  

Some of these changes will be non-linear, leading to dramatic increases in fire frequency or severity in 
some regions once critical thresholds are crossed. A great example can be found in the boreal forest 
and tundra ecosystems of Alaska where there are distinct temperature and moisture thresholds1 for fire 
occurrence that will likely be crossed by the end of this century, significantly increasing the probability 
of wildfire and potentially leading to novel fire regimes in those areas (Young et al. 2016).  

A CHANGING LANDSCAPE DRIVES FIRE ACTIVITY  

Climate-induced changes in vegetation (including type, density, large scale die-off, etc.) and forest 
pests will also influence fire risk by affecting fuel loads.  

As we discussed in a previous bulletin, climate change will affect the population dynamics and spread 
of many forest pests and diseases, including mountain pine beetle. Mountain pine beetle outbreaks 
can, in turn, alter the quantity and characteristics of both live and dead fuels by changing the amount of 
fuel in the forest canopy, the base height of the canopy, the amount of surface fuel, and other aspects 
of forest biomass. In this way, they can influence fire probability, severity, and rate of spread, as well as 
the potential for crown fire (Hicke et al. 2012).  

Climate change will also have direct effects on vegetation and forest biomass through long-term shifts 
in species distribution and forest composition, as well as small- and large-scale mortality events 
brought on by drought and other extremes. In Part I, we detailed how drought and beetle-induced 
mortality in western U.S. conifers is already contributing to an increase in fire. These mortality events 
and longer-term vegetation changes can flip an ecosystem from being fuel- to moisture-limited (or vice-
versa), changing what controls fire activity in a given region (as discussed in Part I).  

In some cases, the changing fire regime itself will cause vegetation communities to shift or flip from a 
moisture- to fuel-limited ecosystem. For example, the fire return interval in the greater Yellowstone 
ecosystem is predicted to decrease (i.e. more frequent fire) to the point that some forested areas will 
no longer be able to regenerate by mid-century and will instead convert to a new dominant vegetation 
type that shifts the region into a fuel-limited fire regime (Westerling et al. 2011).  

                                                           
1 Young et al. (2016) identified two thresholds for fire occurrence, based on historic data: average July temperatures above 13.4⁰C 
and annual moisture availability (i.e. precipitation minus evapotranspiration) below 150mm. 

http://climatesmartnetwork.org/2015/08/forest-pests-and-climate-change/
http://climatesmartnetwork.org/2016/09/wildfire-in-a-warming-world-part-1/#us-fire
http://climatesmartnetwork.org/2016/09/wildfire-in-a-warming-world-part-1/#fuel-or-moisture-limited
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Modelling Future Wildfire 

THE GLOBAL PICTURE  

Globally, fire probability is expected to increase in the 
mid- to high-latitudes and decrease in the tropics, with 
these changes becoming more pronounced later in the 
century. In the near term (i.e. 2010-2039), the most 
consistent increases will occur in places with an 
already somewhat warm climate, but there are also 
major uncertainties in the next few decades. There is 
more confidence in projections for the end of the 
century (i.e. 2070-2099) when climate models have a 
higher level of agreement in their projections because 
the magnitude of climate change will be even greater, 
with some locations experiencing an average change 
in fire probability up to +0.25 (Figure 1; Moritz et al. 
2012).  

Flannigan et al. (2009) also suggest that a general 
increase in area burned and fire occurrence is likely, 
based on their review of close to 50 studies conducted 
between 1991 and 2009 on future fire activity around 
the world. Although these studies focused on different 
fire activity metrics, time frames, and locations, more than three-quarters of the analyses pointed to an 
increase in fire activity. In particular, they noted that fire seasons are lengthening in temperate and 
boreal regions and this trend should continue in a warming world.  

THE NORTH AMERICAN OUTLOOK 

Most of the research conducted to date in North America points toward a future increase in wildfire, 
with longer fire seasons and greater fire potential due to more conducive atmospheric conditions in a 
number of regions (Barbero et al. 2015; Wang et al. 2015; Liu et al. 2013; Young et al. 2016). 

For example, in a study mentioned above, researchers from the University of Idaho, the US Forest 
Service, and the Canadian Forest Service modelled future potential for “very large fires” in different 
ecoregions due to climate change and they found the potential for very large fires will increase in the 
continental U.S. The largest absolute increases were predicted for the intermountain West and 
Northern California, while the largest relative changes were predicted in the northern tier of the country 
where the potential for very large fires has historically been quite low (e.g., see Barbero et al. 2015, 
Figure 1). In addition, their analysis suggests the southern U.S. will have an earlier fire season in the 
future, while the northern regions will experience an overall lengthening of the fire season, with an 
extension of potential burn days at both ends of the season. These changes are driven by anticipated 
increases in fire danger and temperature, as well as decreases in precipitation and relative humidity 
during the fire season (Barbero et al. 2015).  

Figure 1: Average change in predicted fire probability in 
early- and late-century, based on statistical models of 
observed fire-climate relationships and an ensemble of 16 
global climate models with a mid- to high-emissions 
scenario. (Taken from Mortiz et al. 2010, Figure 6) 

https://www.fs.fed.us/pnw/pubs/journals/pnw_2015_barbero002.pdf
https://www.fs.fed.us/pnw/pubs/journals/pnw_2015_barbero002.pdf
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Another study by Liu et al. (2013) used results from a downscaled climate model to evaluate how fire 
potential will change by mid-century (2041–2070), as measured by the Keetch–Byram Drought Index (a 
commonly used index designed specifically for fire potential assessment). They predict an increase in 
fire potential in the Southwest, Rocky Mountains, northern Great Plains, Southeast, and Pacific coast 
due to warming trends, in addition to longer fire seasons in many regions.  

Looking farther north, the research also suggests increases in fire potential across high-latitude 
regions. Specifically, the annual number of fire spread days in Canada is expected to increase anywhere 
from 35–400% by 2050, with large absolute increases in the Boreal Plains of Alberta and Saskatchewan 
and the greatest relative change in coastal and temperate forests (Wang et al. 2015). Similarly dramatic 
increases in fire activity are predicted for areas of Alaska with historically low flammability in the 
tundra and tundra-forest boundary areas, with “up to a fourfold increase in the 30-yr probability of fire 
occurrence by 2100” (Young et al. 2016).  

Fire potential is not the only metric we might be concerned about, however. There are also questions 
about how fire severity may change as a result of climate change. Although fire severity will increase in 
some cases, as we have seen in the western U.S. 
with high fuel loads and exceptional drought 
conditions, future conditions may also decrease 
fire severity. When some researchers incorporated 
climate-induced changes in vegetation type, fuel 
load, and fire frequency, rather than climatic 
changes alone, they found that a widespread 
reduction in fire severity was likely for large 
portions of the western U.S. (Figure 2; Parks et al. 
2016). This is because future increases in fire 
frequency and water deficits will reduce vegetation 
productivity, the amount of regeneration, and the 
amount of biomass accumulation on the 
landscape—all of which contribute to decreased 
fuel loads that will no longer support high-severity 
fires (Parks et al. 2016).  

 

Management Considerations   

MANAGING FOR EXTREMES 

When considering how to address these wildfire regime shifts, one approach is to “manage for the 
extremes,” rather than the average fire event or return interval in a given region, because it is the 
extremes that determine the necessary capacity of fire management organizations and, although these 
extremes cannot be as easily predicted, they can have serious consequences (Wang et al. 2015; Irland 
2013).  

 

Figure 2: Predicted average change in fire severity (as defined by 
the Composite Burn Index (CBI)–an on-the-ground post-fire 
measure of burn severity used in conjunction with satellite-
derived measurements) among 20 global climate model 
projections. (Taken from Parks et al 2016, Figure 4) 
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ACTIVE FUELS REDUCTION 

In terms of forest management, fuels reduction via pre-commercial or commercial thinning operations 
and prescribed fire is an obvious strategy for dealing with increased fire potential. That said, fuels 
reduction is better suited for some forest types than others, namely fuel-limited forest communities 
(Steel et al. 2015), e.g. yellow pine and mixed conifer forests in California or piñyon-juniper woodland 
and lower montane forests (dominated by ponderosa pine) in the Rocky Mountain region. In systems 
where the fire regime is primarily moisture- or climate-limited, a reduction in fuels will not be as 
effective at reducing fire hazard because fuel is not the limiting factor.  

THE PASSIVE APPROACH 

An argument can also be made for taking a more passive approach that “lets nature take its course,” 
where the fire regime is allowed to change and it ultimately shifts the dominant vegetation type to 
something new (as discussed above). In this case, the natural disturbance regime eventually 
transitions plant communities into a state of equilibrium with the new climate (Parks et al. 2016). This 
approach may ultimately be more appropriate and cost-effective in locations where conditions are 
expected to become more arid and fire frequency is projected to increase dramatically, compared with 
resisting change through on-going, active fire suppression efforts. Although not appropriate for most 
commercial operations, the passive approach may be a consideration for lands with a management 
focus on maintaining resilient transitional habitat for wildlife in a changing climate.  

CHANGING CONTEXT 

It is worth noting that these anticipated changes in wildfire are happening in the larger context of land 
use change (more development in the wildland urban interface, greater forest fragmentation), fuel 
accumulation (due to historic fire suppression efforts, landowner reluctance to harvest, and/or 
insufficient budgets for fuel treatments), and infrastructure/industry changes (lack of “fire wise” 
development in some regions, loss of institutional firefighting operations with ownership change).  

Useful Resources & Things to Do 
A number of common practices can help land managers prepare for fire risk, which will be important to 
emphasize (or implement) in the face of increased fire potential. These include: 

1. Put all foresters and other field personnel through the state forestry department’s basic fire 
training school. 

2. Have the state forest service phone numbers and radio contact on everyone’s cell phone. 
3. Equip everyone’s truck with Indian tanks and fire rakes. 
4. Know who has bulldozers, where they are, and how to reach their owners. 
5. Identify water sources for pumping. 
6. Identify water sources for water bombers. 
7. Identify landing zones for helicopters. 
8. Think about how to communicate with abutting home owners about fire risk. This interface of 

houses and trees is an increasingly dangerous situation for both the forest owner and home 
owner. 

9. Utilize the resources in the table below to find up-to-date information on potential fire risk. 
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RESOURCE DESCRIPTION WEBSITE SOURCE 
LANDFIRE A program that produces 

landscape-scale geospatial 
products for planning, 
management, and 
operations, including maps 
and databases that describe 
vegetation, fuel, and fire 
regimes.  

www.landfire.gov  
Website provides data, reports, 
tools, maps, etc. 

USDA Forest 
Service & US 
Department of 
Interior 

National 
Interagency 
Coordination 

Center 

NICC coordinates 
interagency wildland 
firefighting resources. They 
also dispatch Incident 
Management Teams and 
resources as necessary 
when fires exceed the 
capacity of local or regional 
firefighting agencies. 

www.nifc.gov/nicc 
Website provides Incident 
Information with daily updates 
on large fires and Predictive 
Services, such as weather, fire 
fuels danger, outlooks, etc., as 
well as other resources for 
wildland fire and incident 
management decision-making. 

Multi-agency 
organization, 
including: BIA, 
BLM, USFS, 
USFWS, NASF, 
& NPS 

FRAMES (Fire 
Research and 
Management 

Exchange 
System) 

A searchable online portal 
for fire-related information, 
including documents, tools, 
data, online trainings, 
discussion forums, 
announcements, and 
research, as well as links to 
numerous other fire-related 
websites and portals for 
regionally-specific sites and 
resources. 

www.frames.gov  University of 
Idaho; USFS 
Rocky 
Mountain 
Research 
Station 

Joint Fire 
Science 
Program 
(JFSP) 

Source for fire science 
information, resources and 
funding announcements for 
scientists, fire practitioners 
and decision makers. They 
also produce weekly 
newsletters. 

www.firescience.gov  
JFSP is also home to the Fire 
Science Exchange Network, 
which includes the following: 

 Northwest Fire Science 
Consortium  

 California Fire Science 
Consortium 

 Great Basin Fire Science 
Exchange 

 Northern Rockies Fire Science 
Network 

 Southern Rockies Fire Science 
Network 

 Southwest Fire Science 
Consortium 

 Great Plains Fire Science 
Exchange 

Multi-agency, 
including USFS, 
BLM, BIA, NPS, 
USFWS, USGS  

http://www.landfire.gov/
http://www.nifc.gov/nicc
http://www.frames.gov/
http://www.firescience.gov/
http://www.nwfirescience.org/
http://www.nwfirescience.org/
http://www.cafiresci.org/
http://www.cafiresci.org/
http://greatbasinfirescience.org/
http://greatbasinfirescience.org/
http://nrfirescience.org/
http://nrfirescience.org/
http://www.southernrockiesfirescience.org/
http://www.southernrockiesfirescience.org/
http://swfireconsortium.org/
http://swfireconsortium.org/
http://www.gpfirescience.org/
http://www.gpfirescience.org/
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 Tallgrass Prairie and Oak 
Savanna Fire Science 
Consortium 

 Lake States Fire Science 
Consortium 

 Oak Woodlands and Forests 
Fire Science Consortium 

 Southern Fire Exchange 
 Consortium of Appalachian 

Fire Managers and Scientists 
 North Atlantic Fire Science 

Exchange 
 Alaska Fire Science 

Consortium 
 Pacific Fire Exchange 

Geographic 
Area 

Coordination 
Centers 

Web-portal for incident 
information, logistics, 
predictive services (e.g. 
information about weather, 
fuels and fire danger), and 
administrative resources for 
wildland fire agencies.  

http://gacc.nifc.gov     Geographic 
Area 
Coordinating 
Group (GACG) 
– interagency; 
made up of Fire 
Directors from 
each of the 
area Federal 
and State land 
management 
agencies  

Drought.gov Portal to numerous websites 
and resources related to 
wildfire risk and detection, 
including many listed in this 
table and others. 

www.drought.gov/drought/data
-maps-tools/fire  

Multi-agency, 
including: 
FEMA, EPA, 
Dept. of 
Interior, Dept. 
of Commerce, 
NOAA, DOE, 
USDA, and 
Army Corps of 
Engineers 

NortheastWild
fire.org 

Educational resources on 
wildfire prevention and 
“firewise” practices for 
homeowners and 
professionals, including 
state-specific information 
for New England and 
adjacent Canadian 
provinces.  

www.northeastwildfire.org  Northeast 
Forest Fire 
Protection 
Commission's 
Prevention and 
Education 
Working Team 

Wildfire Risk 
Assessment 

Portals 

Several states/regions have 
these websites, which 
include web-mapping 

Texas: 
www.texaswildfirerisk.com  

State forest 
service, state 
forester, 

http://www.tposfirescience.org/
http://www.tposfirescience.org/
http://www.tposfirescience.org/
http://lakestatesfiresci.net/
http://lakestatesfiresci.net/
http://www.oakfirescience.com/
http://www.oakfirescience.com/
http://southernfireexchange.org/
http://www.appalachianfire.org/
http://www.appalachianfire.org/
http://www.firesciencenorthatlantic.org/
http://www.firesciencenorthatlantic.org/
https://www.frames.gov/partner-sites/afsc/home/
https://www.frames.gov/partner-sites/afsc/home/
http://www.pacificfireexchange.org/
http://gacc.nifc.gov/
http://www.drought.gov/drought/data-maps-tools/fire
http://www.drought.gov/drought/data-maps-tools/fire
http://www.northeastwildfire.org/
http://www.texaswildfirerisk.com/
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applications showing fire 
risk and assessment, as well 
as information on historic 
fire occurrence and 
information for developing 
community wildfire 
protection plans. 

Colorado: 
www.coloradowildfirerisk.com  
Southern States: 
www.southernwildfirerisk.com  

universities, 
etc. 

Active Fire 
Mapping 
Program 

Provides near real-time, 
satellite-based detection and 
characterization of wildland 
fire conditions in a 
geospatial context for the 
continental United States, 
Alaska, Hawaii and Canada. 

http://activefiremaps.fs.fed.us/
index.php    
*soon moving to new URL: 
https://fsapps.nwcg.gov/afm 

USDA Forest 
Service Remote 
Sensing 
Applications 
Center 

Historic 
Wildfire 

Occurrence 
Data 

This data product contains a 
spatial database of wildfires 
that occurred in the United 
States from 1992 to 2013, 
generated for the national 
Fire Program Analysis (FPA) 
system. The wildfire records 
were acquired from the 
reporting systems of federal, 
state, and local fire 
organizations. 

www.fs.usda.gov/rds/archive/P
roduct/RDS-2013-0009.3/  

USDA Forest 
Service 

Global Maps 
of Fire Risk 

This on-line map viewer of 
satellite-derived global 
vegetation health products, 
includes one for fire risk that 
is updated continuously. 
You can also go back and 
see archived maps from 
previous dates. 

www.star.nesdis.noaa.gov/smc
d/emb/vci/VH/vh_browse.php  
(choose “Fire Risk” under the 
Data Type dropdown menu) 

Center for 
Satellite 
Applications 
and Research 
(STAR) – the 
science arm of 
the NOAA 
Satellite and 
Information 
Service 

National Fire 
Protection 

Association 

Source for national fire 
codes and standards, public 
education, and research on 
fire risk and prevention.  

www.nfpa.org  National Fire 
Protection 
Association 

~ ~ ~ ~ ~ 

 

 

 

 

http://www.coloradowildfirerisk.com/
http://www.southernwildfirerisk.com/
http://activefiremaps.fs.fed.us/index.php
http://activefiremaps.fs.fed.us/index.php
https://fsapps.nwcg.gov/afm
http://www.fs.usda.gov/rds/archive/Product/RDS-2013-0009.3/
http://www.fs.usda.gov/rds/archive/Product/RDS-2013-0009.3/
http://www.star.nesdis.noaa.gov/smcd/emb/vci/VH/vh_browse.php
http://www.star.nesdis.noaa.gov/smcd/emb/vci/VH/vh_browse.php
http://www.nfpa.org/
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