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Drought and Invasive Species

Tackling “Wicked Problems”
In September 2017, the U.S. Department of 
Agriculture, Forest Service Office of Sustainability 
and Climate, hosted a webinar that explored 
drought issues related to invasive plant species. 
In this webinar, scientists discussed how droughts 
and climatic changes affect invasive species, both 
directly and indirectly, through the effects of climate 
on wildfire. Scientists presented research and case 
studies on drought, invasive species, and fire from 
different regions of the United States.

The complexity of these factors was described by Jon 
Keeley, one of the webinar presenters: “Predicting 
outcomes of future changes in climate on invasive 
species is not rocket science—it’s much more 
complicated.” 

The presenters described some of what we’ve 
learned of this complexity, and offered some tools and 
approaches that planners can use to make effective 
management decisions. This summary provides a 
synopsis of the various concepts, analyses, and 
recommendations presented during the webinar.

Drought
Droughts can result in reduced growth rates, 
defoliation, and increased stress on vegetation, with 
accompanying ecological, economic, and social 
effects. Droughts have been increasing in frequency 
and severity over the last 50 years in much of the 
United States (Figure 1) (Peters et al. 2014). This 
trend is expected to continue in the future, with 
higher temperatures, declining snowpack and faster 
snowmelt, more extreme wet and dry years, and 
larger, more severe fires (Pachauri et al. 2014). 

In the Central Plains and American Southwest, 
researchers expect substantial increases in drought 
(Cook et al. 2015). On the east coast, researchers 
predict an increase in variability, with more droughts, 
more floods, and more uncertainty (Melillo et al. 2014, 
Mitchell et al. 2014).

According to the National Drought Mitigation 
Center, drought originates from an 
insufficiency of precipitation over an extended 
time period—usually more than a season—
producing a water shortage for some activity, 
group, or environmental sector. Types of 
drought include:
 » Meteorological – degree of dryness in 
weather over a defined period of time;

 » Agricultural – links meteorological drought 
with agricultural impacts;

 » Hydrological – precipitation deficits, with 
emphasis on effects on the hydrological 
system (e.g., water storage and flux); and

 » Socio-economic – demand for economic 
goods exceeds supply as a result of 
weather/climate-related shortfall in water 
supply (Wilhite & Glantz 1985).

In terms of forested and rangeland 
ecosystems, ecological drought is an 
episodic deficiency in water availability that 
drives ecosystems beyond thresholds of 
vulnerability, affects ecosystem services, 
and triggers feedbacks in natural and human 
systems (Crausbay et al. 2017). 

Humans also contribute to or alleviate drought 
by modifying hydrological processes (e.g., 
through land use, irrigation, and dam building) 
(Van Loon et al. 2016).
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Figure 1 - Cumulative Drought Severity Index (meteorological drought) compared over two time periods (1960–1986 and 
1987–2013) (Peters et al. 2014). Click here to learn more about this dataset and zoom in to your area of interest. For an annual 
comparison of relative moisture surplus and deficit from 2000–2016 (in 3-year increments), view a time series webmap here. 

Temperature is as important as precipitation 
when studying drought because as temperature 
increases and relative humidity declines, the 
supply of water is reduced due to increased 
evaporation and faster melting of snow and ice 
(Udall & Overpeck 2017). At the same time, as 
evapotranspiration increases and the growing 
season becomes longer, the demand for water by 
plants increases (Udall & Overpeck 2017). This 
means that even in parts of the country where 
precipitation is expected to remain constant, as 
temperatures increase, droughts are likely to 
increase in severity. 

Invasive Species
An invasive species is one that is not native to 
an ecosystem and that is likely to cause adverse 
economic, environmental, or health effects (NISC 
1999, USDA Forest Service 2011). Damage 
and control costs related to invasive species 
are estimated to cost the global economy $1.4 
trillion in losses every year—nearly 5 percent of 
the global economy—including $137 billion per 
year in the United States alone (Pimentel et al. 
2000, Pimentel et al. 2014). These costs include 
damages to local communities, water quality, 
recreation, agriculture, and livestock, as well as 

to native plants and animals (Ries et al. 2004). Of 
the 1,880 threatened species in the United States 
for which threat data were available, 930 were 
listed as imperiled by invasive species, and 431 
of those by invasive plants (Gurevitch & Padilla 
2004, Wilcove et al. 1998). 

Currently, there are about 5,000 different 
introduced plant species within the natural 
ecosystems of the United States, compared with 
17,000 native plant species (Pimentel et al. 2014). 
However, which of these invasive plants are the 
greatest cause for concern often varies along 
elevation and latitudinal gradients (Keeley et al. 
2003, Pyke et al. 2015, Rundel & Keeley 2016), 
and over time as new species are introduced to an 
area (Bradley et al. 2012).

Fire and Invasive Species
For over a century, people have been suppressing 
wildfire in the Western United States (Schwilk 
et al. 2006). In the short term, this reduced the 
spread of invasive species, which could not easily 
become established under dense forest canopies 
(Keeley 2006). In the long term, however, the 
increased forest density led to larger, hotter, and 
more devastating wildfires, which resulted in 
the spread of many invasive species (Figure 2) 
(Keeley 2006). 

https://usfs.maps.arcgis.com/apps/CompareAnalysis/index.html?appid=62a006fa8a9241438097f76954d1732d
https://usfs.maps.arcgis.com/apps/TimeAware/index.html?appid=5cc1f9b53fa14f38b92b4bf76d49cca7
https://usfs.maps.arcgis.com/apps/CompareAnalysis/index.html?appid=62a006fa8a9241438097f76954d1732d
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Figure 2 - Invasive thistles spread in Mesa Verde, CO, 
several years after a wildfire (© Jon Keeley).

Invasive plants may become established in 
clearcuts, along roads, or in firebreaks, then 
rapidly spread into burned areas following 
a wildfire, sometimes as a direct result of 
rehabilitation treatments (Keeley 2006). 

Because many areas have experienced large 
wildfires in recent decades (Figure 3), there have 
been many opportunities for invasive species to 
spread into these areas. Repeated fires can lead 
to land conversions (e.g., from native chaparral 
vegetation to non-native annual grasslands), and 
drought or other stressors can contribute to this 
process (Syphard et al. 2007). 

Figure 3 - Wildfires in the United States between 2000 and 
2015 from the Monitoring Trends in Burn Severity Program 
(Eidenshink 2007). Click here to learn more about this 
dataset and zoom in to your area of interest. 

In some cases, this process can lead to feedback 
loops—drought and fire contribute to the spread of 
invasive species and to land conversions, which 
in turn can worsen the effects of drought and fire 
(Littell et al. 2016). This feedback loop has the 
potential to create a perfect storm, where stress 
from increased drought and fire severity lead to 
increases in plant invasions, which place further 
pressures on native species.

Fire Regimes
Different regions have different relationships 
between drought and fire, as described by Keeley 
and Syphard (2017) and summarized below. 

Some areas are flammability-limited: wildfires 
only occur when conditions are sufficiently hot and 
dry to burn. In some of these regions, greater than 
50 percent of wildfire area can be explained using 
only the seasonal averages of temperature and 
precipitation. In regions of this type (for example, 
montane forests) climatic changes that increase 
temperatures and reduce moisture are likely to lead 
to increased wildfire. 

Other areas are fuel-limited: wildfires only occur 
in these regions when there is sufficient fuel 
present for fires to spread. In these areas (which 
include many grasslands and savannahs), the best 
predictor of wildfire is increased precipitation in the 
previous year, which leads to increased growth. In 
such areas, increased drought is likely to lead to a 
decrease in wildfire. When there is less fuel, there 
will generally be fewer fires. 

Finally, other regions are ignition-limited: they are 
capable of burning every year; where and when they 
burn depends only on where the first spark falls. 
In these areas, which include southern California 
shrublands, area burned is not directly correlated 
with seasonal temperature or precipitation at all. 
Accordingly, drought and warming temperatures 
could lead to more fires in flammability-limited 
regions, fewer fires in fuel-limited regions, and no 
change in ignition-limited systems. 

https://www.mtbs.gov/
https://usfs.maps.arcgis.com/apps/MapSeries/index.html?appid=d95347d0702b42a5bca42daf5e77bec8&entry=4
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An additional consideration is the effect of 
uncertainty—greater variability could make it more 
difficult to plan prescribed burns or managed 
wildfires, which could lead to an increase in future 
wildfire (Mitchell et al. 2014). Beyond the effect 
that climate change will have within a fire regime, 
another consideration is that land conversion may 
change which fire regime any given location fits into 
(Keeley & Syphard 2017). As a result of persistent 
droughts and climatic changes, some areas that 
were previously flammability-limited may become 
ignition-limited, while some ignition-limited areas 
may become fuel-limited (Keeley & Syphard 2017). 

However, this is difficult to predict. Precipitation will 
increase in some areas, decrease in others, and 
become more variable in others. Some areas may 
experience new combinations of temperatures and 
precipitation—without historical analogue—and may 
develop novel ecosystems in response (Chapin & 
Starfield 1997, Williams & Jackson 2007). Invasive 
species may also lead to novel ecosystems that 
respond differently to drought and other stressors 
(Seastedt et al. 2008). Increased carbon dioxide 
in the atmosphere may increase water use 
efficiency, which could offset some of the effects 
of drought (Keenan et al. 2013). Additionally, the 
land conversions that occur may depend upon the 
order, timing, and magnitude of unforeseen and 
unforeseeable events, making it difficult to predict 
future fire regimes.

Plant Responses to Drought—Native and 
Invasive Species
As with native species, some invasive species are 
more drought-tolerant than others. Likewise, the 
effects of fire vary by species. Some invasives, 
such as Japanese stiltgrass (Microstegium 
vimineum) promote fire, whereas others, like 
Chinese privet (Ligustrum sinense) (Figure 4), 
suppress fire (Mitchell et al. 2014). To understand 
how drought and invasive species interact, it is 
helpful first to understand how plants are affected 
by drought more generally.

Figure 4 - Chinese privet (© Chris Evans, University of 
Illinois, Bugwood.org)

Typically in plants, water is absorbed by the 
roots, carried up the plant through the xylem, 
and transpired through the stomata in the leaves. 
Water is also used to transport the sugars created 
by photosynthesis back from the leaves to other 
parts of the plant. 

When there is insufficient water, plants experience 
mortality from two main causes: embolism and 
carbon starvation (Adams et al. 2017). Embolisms 
occur when air bubbles form within the xylem, 
preventing water from moving through the plant. 
Carbon starvation occurs when plants run out of 
stored sugars and starches. 

In normal conditions, plants would create more of 
these carbohydrates through photosynthesis. To 
do this, they need to take in carbon dioxide and 
release oxygen through their stomata. However, 
opening their stomata also causes them to lose 
water through transpiration. In times of drought, 
plants close their stomata to reduce water loss, 
but they are then forced to rely upon stored 
reserves of carbohydrates. In prolonged droughts, 
they may die from carbon starvation when their 
reserves run out.

Some plants close their stomata to retain water at 
the first indications of water stress, reducing their 
risk of embolism but increasing the probability of 
carbon starvation. Others only close their stomata 
in cases of severe water stress, allowing them to 
continue photosynthesis at the risk of embolism. 
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Plants may also use biochemical means to 
respond to drought, releasing chemicals such 
as osmotic balancing agents and antioxidants to 
counter the negative effects of drought (Pintó-
Marijuan & Munné-Bosch 2013). 

Some plants may have structural differences that 
allow them to better respond to drought, including 
smaller diameter xylem cells, smaller cortical cells, 
and increased root-to-shoot ratios (Beikercher & 
Mayr 2009, Niu & Rodriguez 2009, Trifilo et al. 
2004). 

Finally, some species may be able to avoid 
some of the negative effects of droughts through 
phenological plasticity, by adapting the timing of 
their flowering in drier climates (Rice et al. 1992).

It is difficult to make general conclusions about 
the responses of invasive plants to drought. Many 
invasives take advantage of strategies such as 

those described above to effectively respond to 
drought, while many others do not. The same is 
true for native species. While some studies have 
found that invasive plants tend to use more water 
than similar native plants (Cavaleri & Sack 2010), 
otthers have found invasives to be more water-
efficient with limited resources than native plants 
(Heberling & Fridley 2013), but others have not 
(Alpert et al. 2000). Some studies have found 
invasive plants to be more adaptable than natives 
(Davidson et al. 2011), but other studies have 
found them to be less adaptable (Palacio-Lopez & 
Gianoli 2011).

Adding to this confusion, some invasive species 
respond differently to drought in their native range 
than in their invasive range. Tree of Heaven 
(Ailanthus altissima) has a low tolerance for 
drought in its native China, but an extremely high 
tolerance in invaded regions (Albright et al. 2010), 
a pattern that is repeated for many biological

Figure 5 - Distribution of all documented invasive plant infestations on U.S. Department of Agriculture (USDA), Forest Service 
lands, from the National Invasive Plant Inventory Protocol.

https://usfs.maps.arcgis.com/home/item.html?id=ed5ad66be9a7482b828371f171048b9d
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invasions (Broennimann et al. 2007). Phenotypic 
plasticity, for example in kudzu (Pueraria lobate) 
(Pereira-Netto et al. 1999), and rapid evolution, as 
in Japanese stiltgrass (Microstegium vimineum) 
(Droste et al. 2010; Ziska et al. 2015), make it 
difficult to predict how species outside of their 
native ranges will respond to drought and other 
climatic changes. 

Additionally, invasive species brought into 
the United States may shift over time. Recent 
analyses of gardening trends have found that 
emerging sources for new horticultural plants 
tend more towards warmer and drier regions than 
established sources have (Bradley et al. 2012). 
This means that as newly introduced species 
become invasive, these species will be more likely 
to be drought-tolerant than previous invasives, 
potentially worsening the effects of new invasions 
as climatic changes occur.

Invasive Grasses and Drought in the Western 
United States
In the Great Basin, stretching across large areas 
of Nevada, Utah, Oregon, and California, and 
smaller portions of Idaho, Wyoming, and Mexico, 
summers are characterized by high temperatures 
and low precipitation. Perennial species, such as 
sagebrush, bunchgrasses, and forbs respond to 
the long, dry periods by growing wide and deep 
networks of roots to draw moisture from deep in 
the soil (Cline et al. 1977). The large stretches of 
bare ground found in these regions are often filled 

with complex root networks beneath the surface 
(Figure 6) that can prevent the establishment of 
invasive species when these plants are healthy 
(Reisner et al. 2008).

In the Great Basin system, invasive annual 
grasses have rapidly taken hold. Unlike perennial 
grasses, the roots of annual grasses can continue 
growing all winter and aboveground growth can 
resume as soon as soil temperatures rise above 
freezing. 

Conversely, perennial grasses such as bluebunch 
wheatgrass need to wait until soil temperatures 
rise above approximately 40 degrees Fahrenheit 
(Harris 1977). This gives invasives a head start on 
growth in spring. Where healthy perennial plants 
are present, annuals will typically not replace 
them; however, if perennial plants are damaged 
from drought, grazing, or fire, invasive annuals 
can begin to take their place (Pyke et al. 2015). 

Figure 6 - Examples of plants and their root structures, in the Great Basin. (Image courtesy of Jeremy Maestas and Maja 
Smith, Sage Grouse Initiative.)
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Cheatgrass (Bromus tectorum) (Figure 7), 
medusahead (Taeniatherum caput-medusae), 
and wiregrass (Ventenata dubia) have dominated 
more than a million acres in western rangelands, 
with millions more at risk (Bradley 2009). Both 
medusahead and wiregrass concentrate silica 
making them less palatable to livestock and other 
wildlife (Swenson et al. 1964, Wallace et al. 2015), 
while cheatgrass becomes unpalatable to grazers 
after the seedheads develop (Vallentine & Stevens 
1994). This means that as these plants spread 
they affect forage opportunities for livestock and 
other grazers.

Figure 7 - Cheatgrass (© Tom Heutte, USDA Forest Service, 
Bugwood.org)

The effect of drought on these systems depends 
on when the droughts occur. Precipitation 
concentrated in the early spring will favor annual 
grasses because these can start growing before 
perennials, while late spring precipitation will favor 
perennial species (Klemmedson & Smith 1964). 
Even in systems without fire, grazing, or other 
stressors, drought alone can facilitate the spread 
of invasive annual grasses (Kindschy 1994, 
Tausch et al. 1994). 

Crausbay et al. (2017) defines four levels of 
drought, where Type 3 and 4 droughts involve 
feedbacks to both the natural and human systems. 
Type 3 droughts include moderate impacts 
and temporary changes, while Type 4 droughts 
have extreme impacts and persistent changes. 
However, Louisa Evers (a webinar speaker) notes 
that when invasives enter a system, this may 

lower the threshold for permanent changes—
even mild droughts could facilitate the spread 
of invasive species enough to have permanent 
effects on the plant community. 

Finally, because annual grasses can spread 
fire more readily than the native perennials 
(Klemmedson & Smith 1964), spreading invasives 
can contribute to wildfire, which in turn facilitates 
the spread of more invasive species (Brooks & 
Pyke 2001).

Management Options
“Wicked problems” are problems with no clear 
solutions. These problems are complex with 
multiple interconnected causes, or where the 
causation mechanisms are not understood (APSC 
2012, Rittel & Webber 1973). The problem may 
be changing over time, such that by the time we 
are able to better define the problem, the situation 
has already shifted (APSC 2012, Rittel & Webber 
1973). Attempting to resolve one component of 
the problem may create new problems, but it is 
often difficult to predict in advance what these will 
be (APSC 2012, Rittel & Webber 1973). Because 
every attempt to resolve the problem changes 
it and because attempted solutions cannot be 
undone, every attempted solution is a “one-shot 
operation” without the possibility to learn by trial 
and error (Rittel & Webber 1973). 

To compound the complexity, there are often 
multiple organizations tasked with addressing the 
problem and multiple stakeholders involved, each 
with different perspectives and priorities (APSC 
2012).

The issues surrounding climate change, drought, 
wildfires, and invasive species, unquestionably 
qualify as “wicked problems.” Addressing such 
problems requires that managers be innovative, 
collaborative, and flexible, work across 
organizational boundaries, and avoid narrow 
solutions that miss the big picture (APSC 2012). 

Some management options to deal with invasive 
species and drought include the following:
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 » Precondition native plants by growing them in 
drought conditions before planting in restoration 
sites (Beikircher et al. 2010).

 » Promote the use of native drought-tolerant plants 
to shift their range in response to climatic changes 
(Bradley et al. 2012).

 » Reduce the severity of droughts by limiting livestock 
grazing and populations of wild horses and burros 
to remove additional stresses on the system (Pyke 
et al. 2015).

 » Decrease the density of sagebrush, or of pinyon-
juniper woodlands at the edges of sagebrush 
steppes, to reduce the competition for water and 
nutrients among native plants in drought years 
(Chambers et al. 2014).

 » Use herbicides to help prevent invasive annual 
grasses from spreading into new areas (Calo et 
al. 2012). Bacteria treatment options currently in 
development may be helpful in treating annual 
grasses in the future (Meyer et al. 2007).

 » Take advantage of natural cheatgrass die-off events  
by conducting planting and restoration programs 
when they occur (Baughman et al. 2016).

 » Collect and store seeds from the different climates 
and ecoregions to help with restoration projects. 
Managers can then plant locally appropriate seeds 
that can better compete against invasive plants, 
rather than seeds from other regions and climatic 

zones (Johnson et al. 2010). These seeds can 
be used for post-fire rehabilitation projects and to 
support commercial seed production operations.

 » Include considerations of climate change—such as 
future drought projections—into planning processes 
to better account for these changes when making 
land management decisions.

Conclusion 
Drought, wildfire, and invasive species individually 
each represent “wicked problems,” where there 
are many complex causes and effects, and no 
ideal solutions. Together, the conflux of these pose 
a more wicked problem still. Drought can make 
wildfires worse in some regions, and increased 
variability in precipitation can make it more difficult 
to plan prescribed burns to reduce the fire danger. 
Fire and drought can each apply stresses to 
native plants, making them more susceptible to 
further stresses from invasive species. Some 
invasive species can better tolerate drought and 
fire, further contributing to their spread as climates 
change. 

While we may not be able to solve these 
problems, we can mitigate some of their effects 
by promoting drought-tolerant native plants, 
working to control the spread of invasive species, 
and better incorporating the effects of drought 
into plans for the future. Research is ongoing to 
address these complex and challenging problems 
both within the United States and internationally.
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