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Wildfire in a Warming World
PART I: TRENDS & THE ROLE OF CLIMATE
SEPTEMBER 20, 2016 / BY JENNIFER HUSHAW
Wildfire has been a hot topic in the media lately, with California ablaze due to a combination of
dangerous fire weather, on-going drought, and scores of drought- and beetle-killed trees. Most recently,
the Blue Cut Fire burned 37,000 acres and the Soberanes Fire, which began in late July, is still
uncontained and has already burned over 105,600 acres. Of course, severe wildfires are certainly
nothing new—take the Great Fire of 1910 that burned 3 million acres or the Miramichi Fire in New
Brunswick that burned over 3.8 million acres in 1825—but climate change is creating new cause for
concern. In fact, the 2014 U.S. National Climate Assessment says climate change-related fire is
increasing the vulnerability of U.S. forests to ecosystem change and tree mortality.
.In Part I of this two-part piece, we examine
recent trends in fire activity, untangle the
role of climate change, and outline the most
important aspects of climate that drive fire
patterns on the landscape.

Wildfire Trends
THE GLOBAL PICTURE
Climate change is expected to increased
wildfire activity in certain regions (IPCC
AR5), but, so far, there is little evidence of an
increase in area burned or an increase in fire
severity for many parts of world, and even
some evidence suggesting that, overall,
there is less fire on the landscape now than
centuries ago (Doerr & Santín 2016).
A 2013 study by researchers at the
University of Maryland, the University of
California, and VU University in Amsterdam
showed this variability in fire trends across
different regions (Giglio et al. 2013). They
examined global and regional trends in the
monthly area burned from 1996 to midClimate Smart Land Network Bulletin
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2012 using information from the fourth generation of the Global Fire Emissions Database (GFED) and
they found different, and sometimes opposite, trends depending on the region, as well as a slight
decrease in global area burned over the last 16 years (see Figure 1). The study did not analyze what
caused these trends, but researchers did offer some insight into the source of year-to-year variability
observed in each region. The level of variability relates to ignition and rainfall—regions with fairly
consistent fire activity tend to have widespread and routine human-induced burning (mostly for land
maintenance) and similar rainfall from year-to-year (e.g. southern and northern Africa), whereas regions
with high variability have more sporadic fire ignition (by humans or otherwise) and more variability in
the amount of rain from year-to-year (e.g. Equatorial Asia, where fire activity is closely tied to El Niño
events) (Giglio et al. 2013).

WILDFIRE IN THE U.S.
In contrast to the global picture, we have seen increasing media reports of large wildfires and more
discussion of the ballooning cost of fire control efforts in the United States in recent years. This is
especially true when conflagrations break out at the intersection of forests and developed lands, also
known as the Wildland Urban Interface (WUI). Given the greater cost of suppression efforts and
increased risk of damage to lives and property in these areas, some have suggested that the perceived
increase in wildfire may simply be due to increased attention. However, as we will discuss below, there
is ample evidence that large portions of the U.S. have indeed experienced more fire.
Most studies of wildfire trends in the U.S. are focused on the western part of the country and they have
detected an overall increase in fire activity over recent decades. For example, there is evidence that the
number of large fires (> 1,000 acres) and/or total area burned per year increased in many parts of the
western U.S. from 1984-2011 (Figure 2; Dennison et al. 2014).
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Another research team detected a similar trend since 1970, with a noticeable increase in western forest
fire activity beginning around the mid-1980’s (see Figure 1 (a) and (c) in Westerling 2016), including
more frequent large fires (> 1,000 acres), fires that burned longer, and longer wildfire seasons
(Westerling et al. 2006; Westerling 2016). Additionally, there is evidence that the number of very large
fires (> ~12,400 acres) has also been increasing over the last 30 years, particularly across parts of the
southeastern and southwestern U.S. (Barbero et al. 2014).
These observations square with another recent study (Jolly et al. 2015), which showed that conditions
have become more conducive to fire in many parts of the world. Researchers used historic climate data
from 1979 to 2013 to calculate the length of the fire weather season over the last 35 years, based on
several common fire danger indices used in the U.S., Canada, and Australia. They found that, globally,
the length of the average fire weather season increased by almost 19% and the amount of land area
affected by long fire weather seasons doubled. Their results coincided with evidence of recent trends in
the U.S. For example, in 2012, about 47% of the vegetated area of the U.S. experienced a longer-thannormal fire weather season according to their estimates and that resulted in a “near-record setting
~3.8MHa [9.4 million acres] of burned area” (Jolly et al. 2015).
Although, even in the U.S., not all regions are experiencing more wildfire. The Northeast, for example, is
known for some historic mega-fires, but now has an annual average area burned of only 0.04% of forest
area and fire histories show a decline for the last 60 years in both the area burned and the size of fires
(Irland 2013). This decline is likely due to better detection, regulation, and control methods since the
1950’s, but it also means more fuel has accumulated on the landscape (Irland 2013). Importantly,
extreme fire behavior can still occur in regions with very infrequent fire and, in fact, almost every part of
the Northeast has experienced extreme fire years or unusually large fires since that decline began in
the 1950’s (Irland 2013).

A CLIMATE CHANGE CONNECTION?
A number of factors have contributed to the recent increase in U.S. wildfires, including higher fuel loads
from historic fire suppression and large-scale forest mortality due to bark beetle outbreaks, but an
important question is: To what extent, if any, has climate change contributed to these observed trends?
Evidence suggests it has played a role. The Intergovernmental Panel on Climate Change (IPCC) noted
that climate change has already had a major impact on wildfire activity in North America, some parts of
Europe (specifically Portugal and Greece), and Africa in recent years (IPCC AR5 SPM, Figure SPM.4). In
fact, fire is one of the key climate change-related risks they list for North America and Europe and that
risk is projected to increase as we move farther into this century (IPCC AR5 SPM, Figure SPM.8). The
2014 U.S. National Climate Assessment also identified a link between climate change and fire, noting
that “Climate change is contributing to an increase in wildfires across the U.S. West.” They point
specifically to hotter and drier weather and earlier snowmelt, which has increased the length of the fire
season and amount of acreage burned (NCA 2014).
Numerous studies suggest changes in climate are largely responsible for observed wildfire trends in
the U.S. (Littell et al. 2009; Jolly et al. 2015; Westerling et al. 2006; Westerling 2016; Attiwill & Binkley
2013) and there is evidence for this connection in both modeling and observational studies. For
example, Barbero et al. (2014) developed models that successfully replicated historic fire patterns
across the continental U.S. using ONLY climate variables, which indicates climate is the major
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mechanism driving fire activity. Another study found that climate was a significant driver of fire activity
in the western U.S. from 1916 to 2003—explaining an average of 39% of the variability in area burned—
and there was an even stronger linkage in the most recent decades from 1977 to 2003, where climate
explained an average of 64% of the area burned (Littell et al. 2009). A third example, mentioned earlier,
is research from Dennison et al. (2014) that found similar wildfire trends across a variety of western
U.S. ecoregions with different vegetation types, fire seasons, fuel types, and fire frequencies (see Figure
2), but similar increases in severe drought. This suggests prevailing climatic conditions, rather than
site-specific dynamics, are responsible. Evidence suggests climate change will only continue to play a
bigger role in shaping fire trends, as we move from global fire regimes that were driven by precipitation
during the pre-industrial period and by human ignition and suppression during the 18 th century, into a
new temperature-driven global fire regime (Pechony & Shindell 2010).

Climate & Fire: Take Homes for Forest Managers
CLIMATE DRIVES FIRE ACTIVITY
While there are many factors that determine where, when, and how wildfires burn, climate is wellrecognized as one of the primary controls on fire activity (Dennison et al. 2014). At the simplest level, it
influences the availability and flammability of fuels, but fire requires three components—biomass to
burn, the right atmospheric conditions, and ignition—and climate affects all of these components “in
complex ways and over multiple timescales” (Moritz et al. 2012). In the short-term, climate controls
ignition and propagation, while in the long term it affects fuels by influencing primary productivity and
vegetation (Urbieta et al. 2015).

TIME SCALE MATTERS
The diagram in Figure 3 (below) outlines how different aspects of climate control fire at different
scales. For example, in some North American regions, fire regimes are closely related to natural modes
of climate variability, such as the El Niño Southern Oscillation (ENSO), Pacific Decadal Oscillation
(PDO), and the Atlantic Multidecadal Oscillation (AMO) (Whitlock et al. 2010; Fauria & Johnson 2008)—
see our previous bulletin on Global Temperature Trends for an explanation of how the ENSO/PDO
system influences fire regimes worldwide. We are accustomed to thinking about the drivers of fire at
shorter timescales (i.e. at the level of individual fires—seasonal-to-annual—and how they propagate—
hourly-to-annual) because fire management and response systems typically operate at those scales,
but the influence of decade-to-decade climate fluctuations and the long-term warming trend are no
less important. Changes in average climate, variability, and long-term trends can shift the fire regime in
a given region and, since climate conditions are projected to continue changing for the foreseeable
future, it is reasonable for forest managers to expect and prepare for deviations from the historic fire
regime in their area.
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DROUGHT & FIRE RISK
More immediate fire-climate impacts will most likely come through drought, which also played a role in
the record-breaking 2015 U.S. fire season. Drought is projected to increase in both frequency and
severity in many regions and it is known to directly affect fire severity, extent, and frequency (Littell et
al. 2016). The uncertainty of future precipitation patterns, as discussed in an earlier bulletin, presents a
challenge because there are very few regions of the world where we have confidence in predictions of
future drought. That said, warmer temperatures alone can increase the intensity of individual drought
events (and associated fire risk) by increasing potential evapotranspiration (as discussed previously)—
a factor that has been implicated in the severity of the recent California drought (Diffenbaugh et al.
2015).

WHAT’S LIMITING: FUEL OR MOISTURE?
The impact of climate change on fire activity will largely depend on whether an ecosystem tends to be
more fuel-limited or climate-limited (Littell et al. 2009; Steel et al. 2015; Whitlock et al. 2010). In the
former, fire is limited by the amount of fuel available and these are often drier, more sparsely vegetated
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areas that experience frequent, lower-severity wildfires. In contrast, fire in climate-limited systems is
controlled by fuel flammability and these are generally more moist systems with significant biomass
that experience infrequent, more severe wildfires. For example, more precipitation can actually increase
fire risk in fuel-limited ecosystems by increasing the quantity of fine fuels (Dennison et al. 2014),
compared to climate-limited ecosystems like the boreal forest where moisture rather than fuel
accumulation is the primary determinant of fire behavior and more precipitation would typically
decrease fire risk (Fauria & Johnson 2008). Factors like human intervention can flip a system from one
end of the spectrum to another. For example, researchers studying 130 years of fire history in a
Spanish province in the Mediterranean found that rural depopulation and farm abandonment increased
fuels and shifted the fire regime in that region from fuel-limited to climate-limited, leading fire activity to
become more drought-driven (Pausas & Fernandez-Munoz 2012). Fire activity in these climate-limited
ecosystems is sensitive to changes in temperature, so warming may especially increase fire risk in
these systems.

Coming up…
In Part II, we outline what the latest research suggests in terms of future fire frequency, extent, and/or
severity and we discuss the changing context of more fire in the WUI, rising costs, and changing
organizational structures, as well as providing useful resources for more information.
~

~

~
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