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Drought    

Background
In April 2017, the U.S. Forest Service Office of 
Sustainability and Climate hosted a webinar focused 
on drought and forest ecosystems. Scientists 
discussed how the ecological effects of drought and 
a changing climate interact with those of wildfire, 
insects, disease, and other stressors. They also 
described some tools and approaches that land 
managers can use as management response options. 
Researchers used case studies from a variety of 
forest types, in both the western and eastern United 
States.

This summary provides a synopsis of the various 
tools, models, and case studies presented during the 
webinar.

Drought
Droughts can result in reduced growth rates, 
defoliation, and increased stress in trees, 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), although 
droughts were even more prevalent prior to 1900. 

The Sierra Nevada ecoregion has experienced 
moderate to severe drought every June for 11 out 
of the last 16 years, according to the U.S. Drought 
Monitor (Griffin & Anchukaitis 2014, Svoboda et al. 
2002). During the extreme 2012-2015 drought in 
California, tree mortality increased by an order of 
magnitude (Young et al. 2016). This drought has 
resulted not just from reduced precipitation, but 
also from an increase in temperatures in the region 
(AghaKouchak et al. 2014, Pepin et al. 2015, Young 
et al. 2016), of about 3 degrees Fahrenheit) over the 
last century (NOAA 2017). While the precipitation 
deficits were largely responsible for the agricultural 
drought, increased temperatures in high-elevation 
areas led to reduced snowpack (Luo et al. 2017). 

and Forest Ecosystems

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.

As temperature increases and relative 
humidity declines, the supply of water is 
reduced due to increased evaporation and 
faster melting of snow and ice. 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. This trend is expected to continue 
in the future, with higher temperatures, more 
drought, declining snowpack, more extreme 
wet and dry years, and more frequent fires 
(Chikamoto et al. 2017, Cook et al. 2015, 
Pachauri et al. 2014, Thorne et al. 2017). 

Drought and Wildfire
Higher temperatures and increased drought 
can lead to more frequent wildfires and 
greater area burned (Chikamoto et al. 2017, 
Westerling et al. 2006). For example, in the 
southwestern U.S., drier conditions have 
contributed to a longer fire season in recent 
years (Chikamoto et al. 2017). The reduction 
in snowpack, combined with earlier melting 
of snow in the spring, can lead to longer fire 
seasons, with more opportunities for wildfires 
to occur and more time for them to spread. 

Effects of Drought on Southern Pine Forests

Timber production in the southeastern U.S. is 
a major component of the U.S. timber economy 
(Prestemon & Abt 2002). Of the planted timber in the 
region, more than 70 percent is loblolly pine  (Pinus 
taeda) and shortleaf pine (P. echinata), with 32 million 
acres in plantations (Oswalt et al. 2014, Schultz 
1997). How these trees will react to increased 
drought is an important question for the economics, 
ecology, and culture of the region. The PINEMAP 
decision support system provides managers 
with information on changes to the region including 
temperature, precipitation, 
dryness, water yield, primary 
productivity, and other 
variables. 

To understand how such variables affect pine 
plantations, Will et al. (2015) performed a series of 
experiments across the southeastern U.S., testing 
the effects of changes in precipitation and fertilizer on 
four different sites. In this experiment, they found that 
more fertilizer consistently increased productivity, but 
that less precipitation led to decreased productivity 
in only one of the four sites. While there are caveats, 
this does suggest that increased fertilization could be 
used to offset some of the negative effects of drought 
on forest productivity in this region.

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
https://usfs.maps.arcgis.com/apps/MapSeries/index.html?appid=7f8429df087e4c86951a7e69d93207a7
http://climate.ncsu.edu/pinemap/
http://climate.ncsu.edu/pinemap/
http://climate.ncsu.edu/pinemap/
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Although many trees may be able to survive a 
single stressor such as wildfire, drought, insects, 
or disease, the combination of multiple stressors 
can increase the risk of mortality (Bigler et al. 
2005, Chikamoto et al. 2017). 

Figure 2 - 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.

Drought and Insects
Some insects and diseases act as defoliators and 
growth reducers, reducing gross and net primary 
productivity, as well as net ecosystem productivity 
(Hicke et al. 2012a). Other insects or diseases 
lead directly to tree mortality, which produces 
longer-term effects over years and decades as 
dead trees decay and successional species take 
their places. 

As with wildfire, threats from insects and disease 
interact with those of drought to increase 
mortality in forests and make trees vulnerable 
to subsequent disturbance events. Drought 
can weaken tree defenses against insects and 
pathogens (Hart et al. 2014), particularly when the 
water stress becomes severe (Jactel et al. 2012). 
Drought can cause physiological changes in trees 
that bark beetles are able to detect as signals of 
tree vulnerability to attack (Kelsey et al. 2014).
Meanwhile, warmer temperatures can increase 
the population growth of some insects (Bentz et 
al. 2010). Insect-caused mortality can increase fire 
intensity for 5 years or so, due to an increase in 
fine fuels (Hicke et al. 2012b). 

These factors are predicted to lead to substantial 
losses to forest basal area across much of the 
country (Figure 3) (Krist et al. 2013).

Figure 3 - Projected percent of basal area lost due to all 
damage agents and across all hosts between 2013 and 
2027, based on an analysis by the Forest Health Technology 
Enterprise Team (Krist et al. 2013). Click here for more 
information and an interactive map about forest disturbances.

Figure 4 - An example of a “red forest” caused by insects 
or disease, in this case, the southern pine beetle in Sabine 
National Forest, Texas (© Ronald F. Billings). Descriptions of 
these and other forest insect and diseases are available in 
this story map.

https://www.mtbs.gov/
https://usfs.maps.arcgis.com/apps/MapSeries/index.html?appid=d95347d0702b42a5bca42daf5e77bec8&entry=4
https://www.fs.fed.us/foresthealth/technology/nidrm.shtml
https://www.fs.fed.us/foresthealth/technology/nidrm.shtml
https://usfs.maps.arcgis.com/apps/MapSeries/index.html?appid=d95347d0702b42a5bca42daf5e77bec8
https://usfs.maps.arcgis.com/apps/MapTour/index.html?appid=ade657567ff445d5bb3aaa7d898d9fb9
https://www.mtbs.gov/
https://www.fs.fed.us/foresthealth/applied-sciences/mapping-reporting/gis-spatial-analysis/national-risk-maps.shtml
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Historical Forest Management
Some of the stressors described above have been exacerbated by management practices. Prior to the 
20th century, many dry forests in the western U.S. were heterogeneous mosaics with different tree age 
classes and sizes. These forests tended to burn with low- or mixed-intensity wildfires, which removed 
fuels, thinned the trees (Keeley & Stephenson 2000), and reduced competition for nutrients and 
water—all of which improved resilience to disturbances such as droughts, insects, and diseases (Kolb 
et al. 2016).

In the 20th century, large areas 
of forest were harvested over a 
short period of time, and wildfire 
suppression became standard 
policy in most locations. This 
produced forests that were 
denser (sometimes with more 
than ten times more trees per 
acre), more homogeneous 
and evenly aged, with fewer 
large fire-resistant trees (Agee 
& Skinner 2005, Nowacki & 
Abrams 2008). These factors 
led to more competition for 
scarce resources, particularly in 
times of drought. 

Although many mature trees 
can extract water from deep in 
the soil, smaller trees generally 
rely on moisture closer to the 
surface and are more sensitive 
to drought (Plamboeck et al. 
2008). The higher density and 
increased water stress then 
makes forests more susceptible 
to the insect outbreaks and 
crown fire (Agee & Skinner 
2005, Ganey & Vojta 2011).

Figure 5 - Tree mortality in California 
between 2014 and 2017, based 
on Forest Health Protection aerial 
detection monitoring (Moore et al. 
2017). Trees killed by drought and 
insects can temporarily increase crown 
fire potential in some forests.

http://www.takepart.com/article/2016/06/22/california-worse-millions-more-trees-gone
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Combined Effects
The combination of these past management 
activities, stressors, and disturbances has altered 
the structure and function of some forests. The 
replacement of a dominant overstory (e.g., large, 
fire-resistant trees) with smaller, denser trees that 
are then stressed or killed by drought, insects, 
or disease, followed by an increase in wildfire, 
has led to extensive areas of tree mortality. An 
analysis of tree mortality in the western United 
States and British Columbia from 2001 to 2010 
found more than 13 million acres of tree mortality 
from beetles. 

One study estimated that trees killed by bark 
beetles and wildfire over a 15-year period 
released about half a billion tons of carbon total 
(Hicke et al. 2013). The worst year of an insect 
outbreak released carbon dioxide equivalent to 
the entire transportation sector of Canada during 
a recent 5-year period (Kurz et al. 2008). These 
types of disturbances can cause forests to release 
more carbon than they take up in the short term, 
until forests regrow (Edburg et al. 2011). Effects 
vary substantially by region depending on the type 
and severity of disturbance, proportion of trees 
killed, time between disturbances, and forest type 
(Hicke et al. 2012a,b; Pfeifer et al. 2011). 

A long term effect of a warming trend and 
increased drought may be altered suitability of 
landscapes for the distribution and abundance 
of genotypes for some tree species. Genotypes 
currently associated with a specific seed zone 
may be better adapted to future climatic conditions 
farther to the north and at higher elevation. This 
has implications for future propagation of nursery 
stock and diversification of tree planting strategies 
(O’Neill et al. 2017).

Management Options
 » Restoration planners can make decisions based 

on the relevant landscape context, including 
considerations of critical ecological processes, 

native diversity, ecosystem services, and climate 
change adaptation.

 » Seed collection can be prioritized to collect local 
seeds before trees are lost.

 » Restoration treatments may be designed to 
change how fire behaves within stands and across 
landscapes, to improve fire resilience.

 » In addition to mitigating fire hazards at the wildland-
urban interface, forest managers can integrate 
resource objectives into their planning, rather than 
simply trying to reduce fuels everywhere.

 » In forest types subject to frequent fires, managers 
can reduce surface fuels, increase the height to the 
live crown, decrease crown density, and retain fire-
tolerant structures (Agee & Skinner 2005). 

 » In forest types with infrequent fires, managers 
can restore the spatial distribution of the historical 
forest structure with a greater degree of patchiness 
(Halofsky et al. in press). They can use the 
topography on the landscape when planning 
activities to increase heterogeneity in the forest.

 » Managers may want to consider selecting a 
treatment sequence based on the fuel type (for 
example, thinning, piling, and underburning in one 
stand, and harvesting, piling, pile burning, and 
underburning in another) (Stephens et al. 2009).

 » Fire treatments should be strategic, considering 
spatial patterns, species composition, and fire-
tolerant structures, as well as other resource 
objectives.

 » Diversification of genetic 
material used for tree planting 
can be considered as a means 
of increasing resilience of long 
term forest management to 
drought and climate change 
(e.g., Seedlot Selection Tool).

https://seedlotselectiontool.org/sst/


Office of Sustainability & Climate

Office of Sustainability & Climate

- 7 -Drought and Forest Ecosystems

Conclusions
Drought, a major issue for our nation’s forests 
in itself, can be especially problematic when 
combined with other sources of disturbances such 
as wildfire and insects. Drought can increase both 
the intensity of these changes (e.g., by drying out 
fuels and increasing wildfire), and the severity 
of their effects (i.e., by weakening tree defenses 
against insects or other stressors). Considering 
these interactions when making planning 
decisions, and selecting management alternatives 
that increase forest resilience to a combination of 
threats, will better prepare forests for increased 
frequency and magnitude of droughts.
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