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CHAPTER 3
Managing Effects of Drought and Other Water Resource Challenges in Alaska and the Pacific Northwest

CLIMATE, BIOGEOGRAPHIC,
AND SOCIAL CONTEXT

The physical, ecological, and social environments of
Alaska and the Pacific Northwest (PNW) regions of the
United States are extremely diverse. Alaska ranges from
the Arctic Ocean and the very cold, dry environments of
the North Slope to the cool and very rainy coastal North
Pacific region of southeast Alaska. Most precipitation
falls as snow at higher elevations. In Arctic Alaska,
average annual temperature is 14.6 °F, and average
annual precipitation is 11 inches (Alaska Climate Division
1, 1980-2009). By contrast, in southeast Alaska,
average annual temperature is 35.8 °F, and annual
average precipitation is 143 inches (Alaska Climate
Divisions 9-12, 1980-2009).

The PNW, defined here as Idaho, Oregon, and
Washington, ranges from the Pacific Coast (annual
precipitation of 200 inches) to interior semi-arid regions
(annual precipitation of 8 inches). Precipitation patterns
in the PNW are strongly governed by orographic
phenomena, with high, persistent snowpack in the
higher mountains (e.g., record annual snowfall of 1,130
inches at Mount Baker, WA, in 1999-2000).

Examples of Alaskan ecosystems include mixed tundra
in the northern portions of the State and above treeline
in mountains; boreal forests dominated by black spruce
(Picea mariana), white spruce (P. glauca), paper

birch (Betula papyrifera), and quaking aspen (Populus
tremuloides) in interior and southcentral Alaska; and
perhumid temperate coniferous forests in southeast
Alaska. Ecosystems in the PNV include productive
temperate coniferous forests near the Pacific coast
and along the (wet) west slope of the Cascade Range,
less productive mixed-conifer forest along the (dry)
east slope of the Cascades and in interior mountain
ranges, and sagebrush-steppe and shrublands at lower
elevations in much of the interior and mountain valleys.
Large rivers and thousands of smaller tributaries

form an extensive network of riparian, wetland, and
estuarine systems that provide critical hydrological
function and biological diversity at broad and fine
spatial scales.

Alaska and the Pacific Northwest have many natural
resource issues in common. Water is important for
wildlife and people. Water provides critical habitat for
salmon, which are culturally and economically valuable
species. Timber production has declined in recent
decades. Recreation has emerged as a major revenue

source. The following sections describe the social and
regulatory context, historical climate, and projected future
climate for each region.

Alaska

Social and regulatory context—\/Vater in Alaska

is used for fish habitat and passage, transportation,
small-scale energy production, local water supplies,
water-based recreation, and small-scale agriculture.
Some communities, especially in southeast Alaska,
derive power and municipal water from small-scale
hydroelectric operations. River networks provide access
to subsistence and recreational fishing and hunting
opportunities in roadless parts of the State. Alaska’s
abundant anadromous salmon and resident freshwater
fisheries depend on intact freshwater systems and
associated streamflow (Chilcote et al. 2017). During
1998-2007, national forests in Alaska provided habitat
for an average annual commercial harvest of 62.4 million
fish, with an average dockside value of $84.9 million
(adjusted to 2007 dollars) (Alexander 2011).

Many Alaska Natives depend on subsistence foods for
their livelihoods, including fish, terrestrial mammals,
and wild plants (Ballew et al. 2006), which may also
generate a substantial portion of their cash income. A
study covering subsistence communities in five regions
in Alaska showed that subsistence foods accounted for
approximately 20 percent of total energy intake and 40
percent or more of the protein consumed in all regions
(Ballew et al. 2006). Subsistence foods are also integral
to the culture and identities of Alaska Natives.

Timber production in southeast Alaska (primarily

on Federal land) has declined greatly since the late-
20th century (Alexander 2011). The Tongass National
Forest land management plan includes an old-growth
habitat conservation strategy to provide the necessary
ecological characteristics and conditions for biological
communities and target species. A reserve system,
consisting of large, medium, and small tracts of old-
growth forest and associated riparian, beach, and
estuary habitats, is central to species conservation and
delivery of ecosystem services. Populations of fish
and wildlife are managed for continued subsistence,
sport, and commercial use. Amendment of the land
management plan in 2016 was accomplished in part
to “transition away from old-growth timber harvesting
and towards a forest products industry that uses
predominantly second-growth—or young-growth—
forests” (USDA FS 2016a: 1-9). Thus, the 2016
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amendment maintained the integrity of the old-growth
habitat conservation strategy and associated old-growth
reserves initiated in the original 1979 Forest Plan,

and it more explicitly outlined management of young-
growth forest (USDA FS 2016b). Riparian and stream
restoration, along with stream buffer requirements and
improvements for fish passage (especially for culverts),
are being implemented across the forest, providing
protection for intermittent, headwater, and anadromous
fish streams.

A small proportion of the 5.4 million acres in Chugach
National Forest in southcentral Alaska is suitable for
timber production. Less than 20 percent of the national
forest is classified as forest, and over 98 percent of

this forested vegetation is within inventoried roadless
areas where timber production is prohibited. The roaded
corridor of Chugach National Forest includes lands
within one-quarter mile of roads, and an estimated
11,170 acres within this area are available for wood
products management with ground-based equipment.

Historical climate—Over the past 50 years, Alaska
has warmed more than twice as fast as the increase in
mean global temperature (Overland et al. 2014, Taylor
et al. 2017). Statewide, mean annual air temperature
for 1986-2016 was 1.7 °F warmer than temperatures
for 1925-1960 (Vose et al. 2017). Over the last century,
higher temperatures have increased the duration of the
growing season in interior Alaska by 45 percent, from
85 to 123 days (Wendler and Shulski 2009). Warming
temperatures have also reduced the duration of snow
and ice and have contributed to both elevated wildfire
risk and northward extensions in the distribution of
some insect species (Chapin et al. 2014, Hollingsworth
et al. 2017).

In most regions of Alaska, the distribution of seasonal
precipitation is more like that of the Southwestern
United States than the PNW, with a drier spring and
early summer and more annual precipitation falling in
late summer and autumn. Drought varies in response
to snowpack volume and failure of late summer
precipitation, occurring when the time between
availability of snowmelt water and late summer onset of
precipitation is longer than normal. There are few useful
long-term precipitation records for analyzing historical
trends, but those that do exist show either a long-term
increase or decrease in precipitation, depending on
subregion, and that the changes in precipitation have
been less pronounced than changes in temperature
(Bieniek et al. 2014).

Intact watersheds in Alaska have accommodated
extensive and sometimes rapid historical change. For
example, the retreat of glaciers since their maximum
extent has led to strong directional (rather than cyclic)
changes in stream geomorphology, hydrology, and
ecology (Gough and Wilson 2001, Hayward et al. 2017)
(fig. 3.1). At the last glacial maximum (20,000 years
BP), most of southcentral and southeast Alaska was
under ice, and enormous glaciers occurred in the Brooks
Range. The current topography and vegetation of these
regions represent the outcome of climate warming

and resulting glacial retreat followed by species
recolonization over the last 14,000 years (Ager 2007).

The area of Arctic sea ice varied greatly over a 1,300-
year period before the 1900s. Intervals of sustained
low cover of sea ice occurred between about 800

and 1300 AD (Medieval Warm Period), with the pre-
industrial maximum occurring in the mid-600s AD.
High levels of sea ice cover occurred in the 1400s and
1800s AD. However, compared to variability over the
previous 1,450 years, the pronounced decline in sea ice
cover that began around 1990 AD is unprecedented in
magnitude and duration (Halfar et al. 2013, Kinnard et
al. 2011). Since the early 1980s, annual average Arctic
sea ice has decreased in extent around 4 percent per
decade, become thinner by 4.3-7.5 feet, and melted for
at least 15 more days each year (Taylor et al. 2017).

Increasing temperatures and reduced snow cover have
accelerated permafrost thaw in Alaska since at least the
1980s (AMAP 2011). Thawing leads to altered drainage
patterns and drying of soils. Currently, 80 percent of
Alaska is underlain by permafrost, with 70 percent of
the permafrost landscape vulnerable to subsidence
upon thawing (Jorgenson et al. 2008). Over the next

20 years, uneven sinking of the ground in response to
permafrost thaw is expected to add $3.6—6.1 billion (an
additional 10-20 percent) to current costs of maintaining
public infrastructure (buildings, pipelines, roads, airports)
(Larsen et al. 2008).

Loss of permafrost damages infrastructure associated
with potable water, sanitation, and food storage for rural
communities. Ice cellars critical to family food storage
are lost, and systems for potable water and sewage
deteriorate as permafrost melts (Brubaker et al. 2011).
Consequences extend directly into rural community
structure if families are forced to move from villages to
culturally unfamiliar cities. Lakes formerly defined by
permafrost have decreased in area in the last 50 years
(Riordan et al. 2006), reducing waterfow! habitat, which
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Figure 3.1—Exit Glacier (Kenai Fjords National Park) is an iconic example of the ongoing retreat of glacial ice in
southern Alaska. Note recently exposed rock and soil in the foreground that has become vegetated. (Photo from
https://commons.wikimedia.org/wiki/File:1055_-_exit_glacier.jpg)

in turn reduces the number of birds for subsistence
hunters and the size of migratory populations for the
lower 48 States. Permafrost degradation and further
transitions from continuous to discontinuous permafrost
are projected to continue for the remainder of the 21st
century (Grosse et al. 2016).

Distribution of shrubs and trees is expanding into tundra
biomes in northern Alaska, altering the distribution

of animals such as moose (Alces alces) and willow
ptarmigan (Lagopus lagopus) (Tape et al. 2006, 2016).
Changes in water dynamics, duration of growing
season, precipitation, and woody vegetation expansion
are causing more area to be burned by wildfire; tundra
that rarely burned in the past 5,000 years has burned
in recent years (Chapin et al. 2014, Hu et al. 2010). Fire
has the potential to shift forests of interior Alaska from
dominance by spruce to broad-leaved trees for the first
time in 4,000 years (Barrett et al. 2011).

Projected future climate—Future climate in
Alaska was modeled using an ensemble of global
climate models (GCMs) from the Coupled Model
Intercomparison Project Phase 5 (CMIP5) (Taylor
et al. 2012). Relative to 1970-1999, mean annual
temperatures are projected to increase 3.3-8.6 °F
by 2030-2059 and 4-14 °F by the end of the 21st

century, depending on location and greenhouse gas
emissions (Walsh et al. 2018). By the late-21st century,
precipitation across Alaska may increase at least 10-20
percent and up to 60 percent in northern Alaska. This
projected increase is based on Alaska's proximity to

the Pacific Ocean, diminishing ice cover in the Bering
Sea and Arctic Ocean, and patterns of storm tracks
(Walsh et al. 2018). Despite the projected increases

in precipitation, future water availability is expected to
be reduced in much of the State because of increased
evaporation associated with higher air temperatures and
longer growing seasons. For example, for boreal forests,
a 15-percent increase in precipitation is needed to offset
evaporative loss from a 1.8 °F increase in temperature
(Flannigan et al. 2016).

Climate model projections for Alaska from CMIP5
suggest that the length of “warm-spell” periods
(defined as at least 6 consecutive days when the
maximum temperature on each day is above the
90th percentile threshold for that calendar day) will
probably increase by at least 40 days in the central
and eastern interior and as much as 200+ days in

the Aleutians (2046-2065 relative to 1981-2000)
(Sun et al. 2015). Similarly, the duration of cold spells,
defined as a period of at least 6 consecutive days
when the minimum temperature on each day is below
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the 10th percentile threshold for that calendar day, is
projected to decrease by 4 to 7 days, with the largest
changes in southern coastal Alaska. Models project
no change in either the expected dry-spell duration or
the annual longest duration of consecutive days with
<1 mm of precipitation, relative to historical climate
(Sun et al. 2015). Therefore, drought exposure and its
consequences will be driven not just by precipitation,
but also by temperature increases and their effects on
snowpack, permafrost, and water demand.

By the mid-21st century, warming trends are expected
to cause snow droughts for some low-elevation

landscapes. Snow droughts are periods of abnormally
low snowpack at a given time of year caused by either

below-normal cold-season precipitation (dry snow
drought) or a lack of snow accumulation despite near-
normal precipitation (warm snow drought) (AMS 2018,
Harpold et al. 2017). Snow droughts are likely to affect
hydrology and vegetation dynamics at lower elevations
(fig. 3.2). For example, at elevations below 1,500 feet
in Chugach National Forest, snow-day fraction (the
proportion of days when precipitation falls as snow) is
projected to decrease by 23 percent between October
and March, resulting in 26-percent less water in
snowpack at the end of winter (relative to 1970-1999)
(Littell et al. 2017). The future warm season (when
freezes are rare) at low elevations will increase from
200 to 230 days (SNAP n.d., Walsh et al. 2018). Future
snowpack at high elevations, where temperatures
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Figure 3.2—Projected changes in ecologically relevant climate variables for southcentral and southeast Alaska, comparing
2040-2069 climatology to 1970-1999. Changes are based on a five-GCM average (NCAR CCSM4, NOAA GFDL-CM3, NASA
GISS-E2-R, IPSL-CM5ALR, MRI-CGCM3) for the Representative Concentration Pathway (RCP) 8.5 emissions scenario. (A)
Change in growing season length. (B) Change in June/July/August precipitation. (C) Historical ratio of April 1 snow-water
equivalent to October-March snow index (P). (D) Future ratio of April 1 snow-water equivalent to October—-March snow index
given future temperature and precipitation. Data for (A) and (B): Scenarios Network for Alaska and Arctic Planning (SNAP n.d.).

Data for (C) and (D): after Littell et al. (2017).
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remain below freezing much of the year, is projected
to increase by as much as 10 percent because of the
overall increase in precipitation, as described earlier
(Littell et al. 2017).

Altered snowpack will affect most elements of

the ecological and human environment, including
streamflow, avalanche frequency, vegetation
dynamics, glacier dynamics, and road and trail
conditions. The proximity of Alaskan national forests
to the marine environment on the Gulf of Alaska
often results in winter temperatures near freezing and
substantial precipitation. Therefore, a small change

in temperature affects both snowfall and snow
accumulation. Warming temperature in the future will
result in less frequent snow and reduced seasonal
snowpack at low elevations.

Pacific Northwest

Social and regulatory context—Although the PNW
can be generally characterized as “wet"” in areas

west of the Cascade Range and "dry” east of the
Cascades (except at high elevations, which have more
precipitation), water has great importance throughout
the region. In the western part of the PNW, water

is valued for municipal water supplies for major
metropolitan areas such as Seattle and Portland,
hydropower, habitat for salmon and other aquatic
species (including where threatened and endangered
species occur), and recreation. In the eastern part of
the region, water is used for irrigation of a wide range
of crops, both perennial (e.g., apples and other fruit) and
annual (e.g., potatoes, hay), municipal water supplies,
fish habitat, and recreation (fig. 3.3). Water supply in
the eastern part of the PNW is a concern in years when
precipitation is average, and the need becomes more
acute during drought years.

Several salmon stocks are listed as threatened or
endangered, and nearly all populations are much lower
than they were before 1900, largely as a consequence
of human impacts on the environment, including dams,
urbanization, agriculture, and fishing (National Research
Council 1996). High temperatures and drought reduce
habitat quality for salmonid species across all spatial and
temporal scales, facilitating expansion of nonnative fish
species that tolerate higher water temperature (Isaak

et al. 2010). Salmon and other traditional food sources
have high economic and cultural value for Native
American communities throughout the region (Lynn et
al. 2013). Streams and riparian areas are often hot spots

of terrestrial and aquatic biodiversity (Naiman et al.
1993), especially in drier areas of the PNWV.

Although timber production is still an important
component of local economies, it is lower than it was
prior to 1990, and most timber harvest now occurs on
private lands (Simmons et al. 2016). The Northwest
Forest Plan (USDA and USDI 1994), implemented
for western Cascade Range and coastal Federal
lands, focuses on retention and development of late-
successional forest habitat for specific vegetation
structure, aquatic ecosystems, and wildlife habitat for
threatened and endangered animal species. Northern
spotted owl (Strix occidentalis caurina), marbled
murrelet (Brachyramphus marmoratus), and red tree
vole (Arborimus longicaudus) are a few of the many
species included in current conservation plans in
Oregon and Washington.

Grazing by domestic livestock on public and private
lands is an important enterprise in rangelands on

the east side of the Cascade Range, which also

provide habitat for elk (Cervus elaphus), mule deer
(Odocoileus hemionus), and many other animal species.
Management of greater sage-grouse (Centrocercus
urophasianus) habitat is a major conservation issue in
sagebrush-steppe systems in the PNW and throughout
the intermountain West.

Recreationists in the PNW participate in a wide range of
outdoor activities, including hiking, camping, sightseeing,
skiing, hunting, fishing, and water-based activities.

Most of these activities are affected in some way by a
warmer climate and drought. For example, the record
low snowfall of 2014-2015 reduced skiing but increased
warm-weather recreation (Hand et al. 2019).

The issues and ecosystem services discussed above
are interwoven with the economy, lifeways, and culture
of Native Americans. This has always been true for
salmon and other “first foods,” but interest has been
increasing in integrating traditional ecological knowledge
in biodiversity conservation (Charnley et al. 2007). In
recent years, Federal agencies have begun to include
Tribes as partners when developing conservation

plans and implementing projects related to public land
management.

Historical climate—Between 1895 and 2011, the PNW
warmed by about 1.3 °F (Mote et al. 2014). Average
annual temperature in the PNW since 1990 has mostly
been above the 20th-century average, with many of the
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Figure 3.3—Projected risk of summer water shortage in the Blue Mountains region of Washington
and Oregon, based on low streamflows for 2080. The Variable Infiltration Capacity model was
used to calculate differences between historical streamflow data (1915-2006) and streamflow
projections for the A1B emissions scenario (Wenger et al. 2010). From Clifton et al. (2017).

warmest years on record occurring recently. No clear
trends in precipitation have been observed in the region
(Mote et al. 2014).

The warming effects of anthropogenic greenhouse gas
emissions in recent decades are clear (Abatzoglou et al.
2014, Knutson et al. 2013, Vose et al. 2016), but other
conditions in and over the Pacific Ocean also affect
climate in the PNW. The El Nino-Southern Oscillation
(ENSOQ) is a cyclical phenomenon that involves coupled
ocean-atmosphere variations in the equatorial Pacific
Ocean and in the PNW. Positive ENSO (EI Nifno) events
result in warmer, drier winters and springs, whereas
negative ENSO (La Nifa) events result in cooler,
wetter winters and springs (Mote et al. 2014). The
Pacific Decadal Oscillation (PDQ) is a North Pacific
phenomenon, resulting in sea surface temperature
patterns that appeared to occur in 20- to 30-year phases
during the 20th century (Mantua et al. 1997). Positive
phases of the PDO were associated with warmer, drier
conditions in the PNWV.

Projected future climate—An ensemble of GCMs
(from CMIP5) projected increases in mean annual

temperature of 2.0-8.5 °F in the PNW for 2040-2071
(compared to 1950-1999, under the Representative
Concentration Pathway 8.5 here and below) (Mote et al.
2014). Warming is expected to occur during all seasons,
but most models project the largest temperature
increases (3.4-9.4 °F) in summer (Mote et al. 2014).

Changes in precipitation are more uncertain; projecting
future precipitation is difficult because of uncertainty
in projecting changes in the large-scale circulation that
affects cloud formation and precipitation (Shepherd
2014). Annual average precipitation is projected to
increase by 3 percent, with projections ranging from
-4.7 to +13.5 percent, depending on the GCM (Mote
et al. 2014). Most models project decreased summer
precipitation; for the other seasons, some models
project increases and others decreases.

Warming temperatures and altered precipitation will
affect hydrological processes in the PNV, specifically
the amount, timing, and type of precipitation, and the
timing and rate of snowmelt (Luce et al. 2012, 2013;
Mote et al. 2018; Safeeq et al. 2013) (fig. 3.4). Snowmelt
will affect snowpack volumes (Hamlet et al. 2005),
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streamflows (Hidalgo et al. 2009, Mantua et al. 2010),
and stream temperatures (lsaak et al. 2012, Luce et al.
2014). In response to warming, shifts from snowmelt-
dominant to mixed rain-and-snow watersheds, and from
mixed rain-and-snow to rain-dominant watersheds,

are projected by the 2040s (Tohver et al. 2014). This
warming trend is expected to result in earlier and lower
spring peak flow, higher winter flow, and lower late-
summer flow (Raymondi et al. 2014) (fig. 3.5). Winter
streamflows could increase in rain-dominant watersheds
with precipitation increases, but the timing of streamflow
will not shift significantly (Raymondi et al. 2014). With
future increases in temperature and potentially in the
amount of precipitation in the winter months, extreme
hydrological events (e.g., those now rated as having 100-
year recurrence intervals) may become more frequent
(Hamlet et al. 2013).

ASSESSING THE EFFECTS OF DROUGHT AND
OTHER WATER RESOURCE CHALLENGES

In general, GCMs project future increases in annual
and seasonal precipitation in Alaska, and more winter
precipitation but similar or less precipitation in the
PNW (chapter 2). GCMs project that temperature will
rise, and the magnitude of temperature changes will
likely decrease summer water availability, especially if
precipitation remains near historical levels. Although we
have considerable confidence in long-term projections
(years to decades) of decreasing water availability, the
manifestation of drought can be difficult to forecast at
short time scales (weeks to months).

Alaska

Water resources and aquatic ecosystems—
Decreased snowpack, especially during snow drought
years, will have far-reaching consequences by the mid-
21st century. The source phase (snow or rain) of water
in the system influences stream dynamics, including
seasonal patterns of flow, silt and bedload, water
chemistry, and changes in bank and bed morphology
(Dery et al. 2009, Schnorbus et al. 2014). Groundwater,
runoff from rain and snowmelt, and rain-on-snow
events each result in different stream conditions (Battin
et al. 2007, Chilcote et al. 2017, Paustian 2010). As
snow becomes less common at low elevations, both
the hydrology and habitat conditions of streams are
expected to change.

In Chugach National Forest, water discharge over time
in 61 of the 720 watersheds (8.5 percent) is likely to

change because of projected reductions in snowpack
(with increasing temperatures) over the next 60 years
(Chilcote et al. 2017). This change in timing and volume
of runoff will cause fundamental changes in fish habitat
that could improve conditions for some species and
degrade conditions for others (Chilcote et al. 2017).
Watersheds that transition from snow-dominated to
rain-dominated may periodically experience extreme
low flows and high water temperatures, resulting in
marginal conditions for some fish species. Islands,
particularly outer islands in the southern Tongass
National Forest, are expected to receive much less
snow by the end of the century (EcoAdapt 2014).
Freshwater systems used by salmon in the region are
largely intact. This projected stability suggests that
shifts in the hydrograph may favor one species over
another but without resulting in broad-scale declines in
the capacity of streams to support salmon in the short
term; long-term changes are more uncertain (Chilcote et
al. 2017, EcoAdapt 2014).

Wildlife—Snowpack provides critical habitat for

many animal species. Changes in the distribution and
timing of snow will alter habitat conditions, favoring
some species and reducing habitat quality for others.
Subnivean (under the snow) environments protect small
animals and plants from extreme cold in winter (Emers
et al. 1995, Pauli et al. 2013). In some environments,
wolverines (Gulo gulo) rely on snow dens to preserve
energy, provide thermal cover, and care for young
during late winter (McKelvey et al. 2011). The duration
of denning season by black bears (Ursus americanus)
and grizzly bears (U. arctos) may be partly determined
by the duration of snow cover (Goldstein et al. 2010).
Snow depth, stability, and water content influence the
ability of Sitka black-tailed deer (Odocoileus hemionus
sitkensis) to forage, and of deer and gray wolves (Canis
lupus) to travel, so changes in these variables alter
predator-prey dynamics (Person et al. 1996).

Recreation, transportation, and infrastructure—
Snow, river ice, and frozen soils facilitate winter travel
in much of Alaska. With longer growing seasons in the
future, muddy conditions will extend later in the autumn
and begin earlier in the spring, a phenomenon that will
be exacerbated if low-snow years increase as expected
(Hayward et al. 2017). Similarly, snowpack suitable for
skiing and snowmobile travel will occur for a shorter
portion of the winter. Existing recreation trailheads
could become “stranded” below sufficient snow for
snowmobile and backcountry ski access (Hayward et
al. 2017). Most recreation facilities, including cabins,
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Figure 3.4—Modeled snow residence time in Washington and Oregon for (A) a historical period
(1975-2005) and (B) projected for the 2080s with the Representative Concentration Pathway (RCP) 8.5
emissions scenario. Snow residence time will decrease in the Pacific Northwest in the future, particularly
east of the Cascade Range. For more details, see https://usfs.maps.arcgis.com/apps/MapSeries/index.
html?appid=4d6e58342f5a451dbe9e9c946bf76f85&entry=2.
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Figure 3.5—Projected change in mean summer streamflow in Washington and
Oregon between historical (1977-2006) and future (2080s) time periods for
the Representative Concentration Pathway (RCP) 8.5 emissions scenario. The
largest reductions are shown in the mountainous areas, likely influenced by
reduction in snowpack at higher elevations. From Luce et al. (2019).

EFFECTS OF DROUGHT ON FORESTS AND RANGELANDS IN THE UNITED STATES


https://usfs.maps.arcgis.com/apps/MapSeries/index

CHAPTER 3
Managing Effects of Drought and Other Water Resource Challenges in Alaska and the Pacific Northwest

day-use sites, trailheads, and campgrounds are below
1,500-foot elevation, where projected reductions in
snowpack will be greatest.

The longer snow-free period at low and mid elevations
is expected to shorten the duration of the winter
recreation season, with significant effects by 2050.

As low-elevation areas become stranded below the
snowline, Alaska may see a shift from downhill skiing
and other snow sports to other activities like hiking and
biking (Hayward et al. 2017). With less snow and frozen
soils, access to subsistence resources (e.g., hunting,
trapping) could be altered at traditional low-elevation
access points in Chugach National Forest. For example,
less snow accumulation in some areas will allow Sitka
black-tailed deer to remain dispersed throughout the
winter, limiting the ability of subsistence hunters to find
deer (Morton and Huettmann 2017).

Although average snowpack is likely to decline in
coming decades, high variability in snowpack, combined
with the potential for more severe storms, may lead

to occasional deep snowpack and significant rain-on-
snow events. Snowpack and melt conditions have the
potential to damage human-built infrastructure. High
runoff following rain-on-snow events, increased glacier
melt, and high snowpack may exceed the capacity

of culverts, leading to road washout and damage.
Landslides, snow slides, and high snow loads threaten
recreation-use cabins, campground structures, and
agency administrative buildings.

Forest ecosystems, disturbance, and carbon—
Water deficit has both direct and indirect effects. It
directly contributes to potentially lethal stresses in forest
ecosystems by intensifying negative water balances
(Littell et al. 2008, Milne et al. 2002, Restaino et al.

2016, Stephenson 1998). A reduction in productivity
("browning”) in boreal forests of Alaska has been
observed in recent decades (Beck and Goetz 2011,
Parent and Verbyla 2010), which may be caused by
temperature-induced drought stress (Barber et al.

2000, Parent and Verbyla 2010). Water deficit also
indirectly increases the frequency, extent, and severity

of disturbances, especially wildfire and insect outbreaks
(Logan and Powell 2009, McKenzie et al. 2004). These
indirect disturbances alter forest ecosystem structure and
function, at least temporarily, much faster than do chronic
effects of water deficit (e.g., Loehman et al. 2017).

Water supply and soil moisture influence plant species
distribution and abundance at broad spatial scales.

Projections of future vegetation distributions are varied.
In one study, modeling of tree species distribution
suggested that the distribution of temperate rainforests
in Alaska would not shift significantly during the 21st
century (Hollingsworth et al. 2017). In contrast, another
study showed that inland conifer and shrub species
have been moving upward in elevation on the Kenai
Peninsula by as much as 30 feet per decade since 1950
(Dial et al. 2007). Similarly, broad-scale forest monitoring
suggests that Alaska cedar (Callitropsis nootkatensis)
distribution is moving northward in Alaska and that

its basal area has recently increased (Barrett and
Christensen 2011). Where altitudinal treeline expands,
alpine vegetation may be reduced.

Alaska cedar is valued as a commercial product and

by Alaska Natives for shelter, clothing, canoe paddles,
and totem poles. Prior to 1995, some coastal rainforest
stands lost 70 percent or more of Alaska cedar trees,
totaling 200,000 acres in southeast Alaska (Hennon

et al. 2012). Although Alaska cedar stands with high
rates of mortality represent a small percentage of their
total distribution (Barrett and Pattison 2016), losses in
some areas have reduced timber harvest. Alaska cedar
mortality is linked to water dynamics associated with
climate; injury to fine roots occurs when low snowpack
and poorly drained soils result in springtime freezing of
roots (Hennon et al. 2012).

Compared to the late-20th century, some projections
suggest that area burned by wildfire in Alaska will
double by mid-21st century and triple by late-21st
century (Balshi et al. 2008, Pastick et al. 2017).
Historically, fires typically burned in the Yukon River
basin, between the Alaska Range and the Brooks
Range, and this happened during episodic fire years
when warm conditions in spring and early summer dried
fuels and summer rains were minimal. Since the early
2000s, extreme fire weather conditions have promoted
the spread of large fires in boreal forests of interior
Alaska. Other regions have historically experienced
much less fire, although the western Kenai Peninsula
has a history of human and natural ignitions that
contributed to significant wildfires, with return intervals
around 100 years (Anderson et al. 2006). However, as
temperatures and duration of growing season increase
and spring snowpack melts earlier, dry fuels are
expected to be available for longer than in the historical
record, increasing the likelihood of fire ignition and
spread (Young et al. 2017).
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Vulnerability of human development to fire is expected
to increase in the next 50 years, especially if warmer
summers facilitate extreme fire weather (Hollingsworth
et al. 2017). By 2065, the value of structures at risk to
fire on the Kenai Peninsula, particularly in the boreal
transition forests of the western Kenai Peninsula, is
projected to grow by 66 percent on private lands, and
the projected value of structures in landscapes with high
to extreme fire risk may approach $3.8 billion (based
on 2014 dollars) (Hollingsworth et al. 2017). In contrast,
wildfire is rare in the temperate coastal rainforest on
the eastern Kenai Peninsula, throughout Prince William
Sound, and in southeast Alaska, and it is expected to
remain rare in the future (Barrett and Christensen 2011,
Hollingsworth et al. 2017).

In a warmer climate with more prolonged dry periods,
terrestrial carbon storage in Alaskan ecosystems may
be vulnerable to higher decomposition rates and more
wildfire. Tongass National Forest stores an estimated
650 million tons in aboveground tree carbon, more than
any other national forest, with a 4.5-percent increase

in aboveground carbon storage over the past decade
(Barrett 2014). Belowground carbon storage is also high
throughout the region (D’Amore and Lynn 2002). As
temperatures warm, the capacity for soil decomposition
to increase may result in net carbon loss in the future
(D'’Amore et al. 2015). Aboveground, though, forest
carbon storage may continue to increase, at least in
forests not subjected to fire.

Cultural resources—A strong social, cultural, and
economic relationship exists between salmon and
human communities in Alaska. Shifts in snowpack
and air temperature will result in altered hydrology,
geomorphology, stream temperature, and stream
chemistry, which in turn will influence salmon, positively
in some cases and negatively in others. \Warmer
streams and changes in timing of extreme runoff may
improve conditions for some salmon stocks, although
a warmer climate may also make salmon runs more
variable in time and space. Temperatures during late
summer in some spawning streams, particularly on
island systems in southeast Alaska, have exceeded
values tolerated by returning salmon, resulting in
mortality and reduced spawning.

Changes in the timing, species mix, or abundance

of salmon influence daily life, social interactions,

and cultural practices of Alaska Natives throughout

the State. Traditions in obtaining, processing, and
distributing wild resources define Alaska Native groups,

a reality that was codified in the Alaska Native Claims
Settlement Act of 1971.

Winter transportation with sled dogs, sled-dog racing,
and recreational mushing are part of Alaska Native
culture and contemporary social traditions in Alaska.
Declines in snowpack led to the recent cancellation
and course changes in major sled-dog races that draw
thousands of tourists. The World Champion sprint-
dog race was cancelled for 2 consecutive years, and
the Iditarod route was changed three times in 5 years.
These types of effects are expected to occur more
frequently in the future.

Pacific Northwest

Water resources and aquatic ecosystems—\/Vater

is the most widely valued resource provided by public
lands in the United States (Furniss et al. 2010). During
times of drought, decisions about allocation of limited
water often involve tradeoffs among fish habitat,
municipal and agricultural use, hydroelectric power,
recreational use, and livestock grazing. In addition to
affecting the quantity of water available, drought also
affects water quality by increasing water temperature
and turbidity. Warmer temperature, in addition to
limited water availability, increases the likelihood of algal
blooms that degrade aquatic habitat and can be harmful
to people, pets, and livestock (Hand and Lawson 2018,
Paerl and Huisman 2008).

Across mountainous landscapes in the PNW, surficial
geology and soils determine both drainage properties

and the severity of drought effects. For example, in areas
with highly permeable volcanic rocks and pumice solls,
water rapidly infiltrates down hundreds of feet, supporting
neither water storage for human uses nor water
availability for vegetation during drought (Konrad 2006).
Melting snow during the growing season has historically
provided water for vegetation (Elsner et al. 2010), but
reduced snowpack, associated with warmer winters,
decreases late-season snowmelt. VWWarmer winters lead to
earlier peak flows and lower, warmer base flows (Kormos
et al. 2016, Mote et al. 2018, Stewart et al. 2013). Some
areas are also likely to experience a decline in summer
streamflow, as water drains into deep groundwater
storage in basalt aquifers (Drost et al. 1990).

Forest ecosystems, disturbance, and carbon—Tree
growth is likely to decrease in most areas in the PNW
because of water limitations, especially in low- to mid-
elevation coniferous forests. Douglas-fir (Pseudotsuga
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menziesii), which is an important species ecologically
and economically, is expected to have lower growth
rates on both the east and west sides of the Cascade
Range (Littell et al. 2008, Restaino et al. 2016). High-
elevation coniferous forests, in contrast, are likely to
have faster growth rates because less snowpack will
lead to a longer growing season in landscapes where
water limitations will be less common (Littell et al. 2010,
Mote et al. 2018).

Overall, more tree mortality is expected, especially

in dense stands at the lower tree line where drought
exacerbates water deficit. Trees of many species and
sizes can be affected simultaneously. Dry soils and
topographic positions that do not retain soil moisture
are vulnerable, especially where they affect seedling
establishment (i.e., seeds near the ground or with small
root mass) (Joslin et al. 2000). Western hemlock (7Tsuga
heterophylla), which has shallow fine roots, can be
especially sensitive to prolonged dry weather (Burns

et al. 1990). As growth decreases and disturbances
increase, current levels of carbon stored in vegetation
and soils will be increasingly difficult to maintain.

Dense forests are particularly susceptible to bark
beetle attack, and although beetles typically target

-2 =1:5 .

Figure 3.6—Relative rangeland productivity (z-scores) for Washington and Oregon, illustrating the standard deviation from the

mean. Left (2013) represents a drought year with lower rangeland productivity. Right (2011) represents above-average moisture
and productivity. For a more detailed map on rangeland productivity, see https://usfs.maps.arcgis.com/apps/MapSeries/index.
html?appid=bc33cd94f0f643298¢c296c827ee8ed68&entry=3

weakened trees, they can also attack nearby vigorous
trees (Fettig et al. 2007, Lieutier 2004). Lodgepole

pine (Pinus contorta var. latifolia) in particular has
experienced significant mortality from mountain pine
beetles (Dendrodoctonus ponderosae), at least partly
accelerated by drought periods, as part of a much
larger pattern of beetle-caused mortality in the Western
United States and British Columbia (Hicke et al. 2016).

Drought frequency and duration also affect the extent
and severity of wildfires. In forests, fine fuels will dry
earlier in the growing season and stay dry longer,

and live fuel moisture will also decrease significantly,
increasing fire hazard and likely the duration of the fire
season. Early-seral forest structure may become more
prevalent across the landscape, replacing older trees
(Kashian et al. 2006).

Rangelands—Drought reduces growth in rangelands
during the growing season, especially if large numbers
of invasive annual grasses are present (Fehmi and Kong
2012, Runyon et al. 2012) (fig. 3.6). Drought conditions
favor the spread of invasive grasses (Kindschy 1994,
Tausch et al. 1994), which further reduce the extent
and productivity of native plant species. During drought,
excessive reductions in aboveground growing plant
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material through grazing by livestock or wild horses and
burros decrease belowground roots, creating growing
space for invasive plant species (Biondini et al. 1998,
Fuhlendorf et al. 2001). Therefore, following drought,
rest from grazing is needed during the growing season
to allow for plant physiological recovery. Although
grazing typically occurs on perennial grasses, shrubs are
also prone to browsing when grasses are unproductive
or dormant. Livestock are more likely to graze riparian
areas during the summer, when conditions are hottest
and grasses in the adjoining uplands are dormant.

As drought intensity increases, rangeland productivity
decreases, although the amount of decrease depends
on the type of site (e.g., sagebrush-steppe versus
mountain meadows). In semiarid sites, nonnative annual
grasses, especially cheatgrass (Bromus tectorum),
tend to increase fire frequency and spread; these
nonnatives are highly flammable and have higher fine
fuel biomass and greater fuel continuity than native
vegetation (Balch et al. 2013). Expansion of nonnative
annual grasses starts a positive feedback loop that
favors further spread of invasive annual grasses and
substantial reduction in cover of native shrubs, grasses,
and forbs (Link 2006, Melgoza and Nowak 1991). Large
rangeland fires typically occur when a high-productivity
year that produces abundant fine fuels is followed by a
drought that greatly reduces live fuel moisture. Overall,
drought induces more intense fire behavior, increasing
the difficulty of fire suppression. Although fuel quantity
typically controls the energy released during a fire,
drought can extend the duration of conditions under
which fuels will readily burn (Brown et al. 2005). If
drought occurs following fire, then an extended period
of plant rest from grazing may be needed to allow
recovery of productivity.

Socioeconomic effects—The most significant effect
of increased frequency and magnitude of drought will
be fewer available water resources because nearly all
social and economic sectors have significant demands
for a continuous, reliable water supply. In some cases,
especially in semiarid portions of the PNW, water is
already allocated near or beyond the limit of its average
availability, so access to water becomes even more
limited during drought years, with tradeoffs occurring
among agriculture, hydroelectric power generation,
and protection of fish habitat. Even on the west side of
the Cascade Range, water storage for municipal and
industrial uses is typically limited by reservoir capacity,
which can be depleted during years when snowpack is
low and water demands are high.

Recent drought years in the PNW have provided an
opportunity to observe what a future with more frequent
and longer droughts might look like (Marlier et al. 2017).
In 2014-2015, an exceptionally warm winter and spring
resulted in record low snowpack. This “snow drought,”
combined with high temperatures and low precipitation
levels in the spring and summer, led to extremely

low flows in streams and rivers, crop damage, and
widespread fish mortality. In Washington State, the
economic impact of the drought on agricultural crops
was $336 million (Anderson et al. 2016). Most ski areas
suffered financially. In the summer of 2015, wildfire
burned 1 million acres in Washington. After a long period
of low precipitation in summer 2017, wildfires burned
more than 1 million acres in Oregon and Washington,
causing economic damage in many communities,
reducing access to public lands and forage for grazing,
and degrading air quality for several weeks.

MANAGING FOR DROUGHT, EXTREME
EVENTS, AND DISTURBANCES

The 2016 Federal Action Plan of the National Drought
Resilience Partnership describes ways in which Federal
departments and agencies can work with State,
regional, Tribal, and local partners to respond to drought
and increase long-term drought resilience. These
include, for example, sharing data and information
among Federal agencies and State, regional, Tribal,

and local officials on drought, water use, and water
availability; building local planning capacity for drought
preparedness and resilience through coordinated
planning and capacity-building programs; and supporting
efforts to conserve and efficiently use water by carrying
out relevant research, innovation, and international
engagements.

There is little additional agency guidance (in the form of
guidebooks or manuals) related to drought in the U.S.
Department of Agriculture, Forest Service (USFS) or U.S.
Department of the Interior, Bureau of Land Management
(BLM), but some good examples exist. During the

2015 drought in the PNW, the Regional Forester in the
Pacific Northwest Region of the USFS issued guidance
to national forests. The BLM has also issued guidance
on drought response in the agency through instruction
memoranda. For example, in 2013, the BLM instructed
its districts to monitor drought status; share drought
information; seek drought information compiled by other
agencies; coordinate drought responses with State,
Tribal, and local governments; and adjust authorized uses
as needed. No direction is specific to forest operations,
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other than the interagency Industrial Fire Precaution
Levels used in Oregon and Washington, which prohibit
industrial forest activities during times of high wildfire
risk, such as drought.

Existing frameworks and tools used by the USFS and
BLM either currently address drought or could be

used to expand opportunities for guidance on drought
management in the future (Vose et al. 2016). For
example, many of the National Best Management
Practices (BMPs) for Water Quality Management on
National Forest System Lands (USDA FS 2012) can

help mitigate drought. These BMPs address most
resource program activities, including water use, aquatic
ecosystems, rangeland, and recreation. Specific drought
references in the BMPs include designing projects to
account for water availability, addressing drought-related
shoreline degradation, and responding to water availability
in range permit activities. The BMPs could be reviewed
and revised to more explicitly address drought response.

The USFS Watershed Condition Framework (Potyondy
and Geier 2011) and regional aquatic restoration
strategies guide forest watershed and aquatic
restoration programs, and these restoration activities
can help increase ecosystem resilience to drought.
Incorporating drought in restoration planning, including
in objectives and design, could further increase drought
resilience. For example, planting drought-tolerant
vegetation in restoration treatments and reducing forest
stand density (Sohn et al. 2016) can help to decrease
drought-related mortality.

Many national forests in the USFS Pacific Northwest
Region have conducted climate change vulnerability
assessments and adaptation efforts (e.g., Halofsky et
al. 2011, Halofsky and Peterson 2017, Raymond et al.
2014). These assessments incorporate potential effects
of increased temperatures and changing precipitation
patterns on water resources, fish and aquatic systems,
vegetation, wildlife, recreation, and ecosystem services.
For example, the hydrology assessment includes
projections for future summer low flows, and the
vegetation assessment includes maps of soils that

may be most vulnerable to drought (Halofsky and
Peterson 2017). These climate change assessments
and climate-informed forecasting (Preisler et al. 2017)
can help to facilitate drought planning and prioritize
response. Similarly, in Alaska, climate vulnerability
assessments for Chugach (Hayward et al. 2017) and
Tongass (EcoAdapt 2014) National Forests examine
potential changes in water dynamics, providing the

understanding to support adaptation plans. Building
from the vulnerability assessment, the Tongass National
Forest recently developed preliminary climate adaptation
options for streams and riparian areas. This effort builds
on a mature stream restoration program on the forest.

Disaster management tools and systems that are
already in place in Federal agencies could be applied to
drought response and used as a template for drought
planning. Here are three examples. The Incident
Command System, initially developed to coordinate
response to wildfires, is a standardized, interagency
approach to emergency coordination and response,

and this approach could be reframed for drought. After
wildfire events, the Burned Area Emergency Response
process involves teams assessing values at risk, rapid
assessment of fire effects, and options for treatment. A
similar process could be used during and after drought
events. Many national forests have a Forest Emergency
Road Maintenance Plan for flood events; similar plans
could be developed for drought.

Management Options for Responding to Altered
Water Resources in Alaska

Infrastructure and transportation—One of the most
important strategies for responding to altered water
resources in Alaska will be to develop a common
understanding among national forests, national forest
visitors, and stakeholders about the potential effects
of declining low-elevation snowpack on infrastructure,
travel, and recreation (table 3.1). To develop solutions
that reduce undesirable effects, this effort in public
education needs an ongoing dialogue that focuses on
both communicating biophysical effects and listening to
stakeholders.

Maximum streamflows in the future may increase as

a result of lower snowpack, earlier or faster melt, and
associated rain instead of snow storm events. Under
these conditions, maintenance of roads and associated
infrastructure will be especially important to avoid
erosion. Roads that are especially vulnerable to repeated
flooding can be either removed or decommissioned

and restored with vegetation to accommodate gradual
flow along floodplains (fig. 3.7). Roads maintained in

or near floodplains may need to be stormproofed to
meet current engineering standards. \Water bars can be
added to disconnect streams from roads, and culverts
can be added or upsized based on projected flows.

All infrastructure (e.g., bridges) should be designed or
modified to accommodate the peak flows that will occur
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Table 3.1—Water resource vulnerabilities, adaptation strategies, and adaptation tactics for Alaskan ecosystems

VULNERABILITY ADAPTATION STRATEGY ADAPTATION TACTICS

Infrastructure and transportation

High winter streamflows and flooding * Increase resilience of roads and * Remove or decommission roads and restore vegetation.
that damage roads, bridges, and other infrastructure to increased flooding; remove o Stormproof roads to current engineering standards.
structures. vulnerable roads and infrastructure.

; e |nstall additional culverts and increase the size of new culverts to
e Develop a common understanding among accommodate higher flows.

national forests, visitors, and stakeholders . . .

about the effects of declining snowpackon ~ ® Redesign trails to handle increased overland flows.

infrastructure, travel, and recreation. e Provide public education through national forest offices, on
websites, and at recreation sites.

Aquatic systems, riparian
areas, and fish habitat

High winter streamflows and flooding, ~ ® Maintain or increase resilience in aquatic e Accelerate riparian restoration and stream restoration.
longer duration of snowmelt, and later systems and riparian areas, especially in * Add large wood to streams; encourage the growth of large
low flows in summer. locations with high-quality fish habitat. conifers to provide large wood to stream channels.
¢ Modify drainage structures, roads, and other infrastructure to
reduce scouring of fish spawning gravels.
e Remove fish passage barriers.

Recreation
Less snowpack and a longer warm- e Revise spatial distribution of recreation e Use modeling to identify the location of areas that will be suitable
weather season, altering access to sites. for snow-based and warm-weather recreation in the future.
recreation sites and patterns of visitor ¢ pgyelop a more flexible, climate-smart e Provide flexible trailhead locations to accommodate variation in
use. network of recreation sites to provide snowpack.

access to visitors. .

Implement flexible snow-sport season openings.

e Design administrative and recreation infrastructure to
accommodate larger storm events, higher snow loads, overland
flow, and higher streamflow.

Figure 3.7—Roads that wash out repeatedly, as shown here in Chugach National Forest, are
good candidates for decommissioning. (Photo by USDA Forest Service)
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in the future. The design and maintenance of trails could
incorporate expectations for longer periods of high soil
moisture and higher than normal overland runoff.

When safety issues or damage to resources are
anticipated, temporary closures for some modes of
travel will be necessary. For example, although fire is
not expected to be as common as in interior Alaska, it
will likely become more common in southcentral
Alaska, and planning processes should include the
potential for fires to affect transportation along the
limited road network. For example, the 2016 McHugh
Creek Fire closed the Seward Highway repeatedly,
limiting traffic between Anchorage and the Kenai
Peninsula for several days.

Increased near-surface permafrost thaw will also likely
cause damage to infrastructure and transportation in
Alaska (Melvin et al. 2017). Ground subsidence that
occurs with permafrost thaw has consequences for
buildings, roads, railroads, pipelines, and oil and gas
infrastructure. Increasing temperatures can also affect
the frequency of freeze-thaw cycles, which in turn can
decrease the stability of foundation and underground
infrastructure (Melvin et al. 2017). As this damage
occurs, closures and replacement of buildings and roads
will likely be necessary.

Aquatic systems, riparian areas, and fish habitat—
To maintain high-quality habitat for salmonids, it is
necessary to ensure that aquatic systems and riparian
areas are resilient to climate-induced changes. A key
element to building resilience is to accelerate riparian
restoration, especially in priority areas where past

land use has damaged riparian function or altered
floodplain dynamics (table 3.1). For example, alder
regeneration can be encouraged in riparian areas where
appropriate, as well as prescriptions to encourage

large trees that can deliver large wood to streams.
Priorities for locating riparian restoration include conifer-
dominated stands, sites where roads or past harvest
activity damaged riparian areas, reaches with artificially
constrained floodplains, and areas that are expected

to provide high-quality salmon habitat in the future.

A historically rare but possible future effect on both
resident and anadromous fish habitat is the potential
for fire disturbance, which would have both short-term
consequences and long-term benefits for fish habitat,
especially in the northern parts of southcentral Alaska.

Other improvements to fish habitat include modifying
drainage structures, roads, and other infrastructures

that restrict flow from a main channel to a floodplain

or increase scouring of spawning gravels (e.g., by
relocating roads out of the floodplain). Fish passage
barriers may develop during low flows, and options

for altering these barriers need to be considered.
Stream restoration can replace large wood (logs) in
streams and floodplains where woody structures were
removed during streamside logging in the 1960s-1970s.
These steps would both improve salmon habitat and
restore stream function and connections to enhance
resilience to hydrological stress. To achieve these
goals, effective communication with local communities
and stakeholders about potential changes in salmon
populations, including possible fish mortality, will be
increasingly important in future decades.

Recreation—Resource managers can work with
regional climate science organizations to develop
future scenarios of snowpack distribution and duration,
using this information to prioritize relocation of current
recreation infrastructure to support backcountry skiing
and snow machine travel (table 3.1). These future
scenarios include flexible trailhead locations, variable
season openings, changes to infrastructure, and
awareness of increasing fire hazards. Flexible trailhead
locations will accommodate variation in snowlines and
facilitate access to sufficient snow for winter sports.
Variable snow-sport season openings will ensure
sufficient snowpack to prevent resource damage.
Administrative and recreational infrastructure (e.g.,
recreation cabins, trail bridges, trail drainage systems)
can be designed to accommodate larger storm events,
including higher snow loads, overland flow, and higher
streamflow. Increased fire hazard could eventually
impact recreation if fire danger limits access. The
potential for fires to become more common may
especially alter visitor experiences in southcentral
Alaska forests.

Management Options for Responding
to Drought in the Pacific Northwest

Water resources—Lower snowpack and more severe
drought with changing climate will likely lead to lower
stream baseflows and in some cases reduced soil
moisture. Combined with increasing demand for water
with future population growth, water availability will be
reduced for aquatic resources, recreation, and municipal
uses (Elsner et al. 2010, Prestemon et al. 2016). To
ensure that water is available during times of drought,
resource managers can build redundancy into water
supplies and increase reliability in water systems (table
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3.2). Water budgets can help to evaluate the effects of
management actions, providing a framework for on-the-
ground planning and accounting for water supply and
demand. Conserving water and providing for increased
storage capacity will help to ensure that water will be
available during drought.

A key way to increase water storage, keep water
temperatures low, and slow the release of water from
the landscape is to manage for riparian, wetland, and
groundwater-dependent ecosystem function (Peterson
and Halofsky 2018). Increasing the pace and extent of
riparian and wetland restoration across land ownerships
and controlling sources of pollution could help maintain
water quantity and quality during drought (table 3.2).
Reducing the risk of high-severity fires can lower risk of
post-fire erosion and sedimentation in streams (Luce et

al. 2012). Managers can also implement water quality
BMPs and water quality restoration plans to maximize
water quality and quantity, adding and revising actions
in these BMPs (e.g., manipulating forest structure in
snow-dominated watersheds) to address drought.

Increasing awareness of drought and its effects can
increase the capacity of agencies to respond to drought
and improve effectiveness of communication with

the public about drought (table 3.2). New employees
can be mentored on drought and existing employees
encouraged to take opportunities for professional
development related to drought. Education and outreach
with the public would increase drought awareness (inside
and outside the agency) and acceptance of management
responses. Modifications to agency processes, such as
the use of National Environmental Policy Act categorical

Table 3.2—Drought vulnerabilities, adaptation strategies, and adaptation tactics for water resources in the Pacific

Northwest

WATER RESOURCES

VULNERABILITY

ADAPTATION STRATEGY

ADAPTATION TACTICS

Less water availability for national
forest consumptive uses, ecological

uses, and off-forest consumptive uses.

Poorer water quality during drought.

Lack of capacity to respond to severe

droughts.

Build redundancy in water supplies,
increase reliability in water
systems, and adopt a water budget
perspective (e.g., consider how
management actions favor one part
of the water cycle at the expense of
another).

Coordinate with States and Federal
permittees.

Coordinate within and outside
Federal agencies to address water
quality.

Increase capacity of the workforce
and awareness of leadership.

e Develop water budgets and use them as a framework for evaluating
management actions; plan and account for forests, range, and in-stream
needs.

e Increase water conservation; produce less waste; prioritize maintenance
and reconstruction to ensure that infrastructure meets current standards.

e Make water systems more resilient to drought (e.g., use water-smart
technology); prepare for future storage needs.

e Review water quality best management practices to include drought-
focused strategies.

e During droughts, in coordination with States and permittees, adjust water
use through (1) advisories, (2) voluntary conservation, (3) mandatory
conservation, and (4) rationing.

e Protect and maintain water quality by implementing and adjusting water
quality best management practices and water quality restoration plans.

e Prioritize and target riparian and wetland restoration to provide shade
over water and reduce quick flow from roads; use appropriate geospatial
tools to identify priorities.

e Continue to manage landscapes to reduce fire severity and promote site-
adapted vegetation.

e Control water pollution.

e Develop drought management plans integrated between a permittee’s
base property and allotment to maintain land health and productivity.

e |ncrease drought awareness with agency leadership and the public.

e Develop and expand partnerships with user groups to address water
resource adaptation needs (e.g., Wyden and Good Neighbor Authorities,
partnership agreements).

e Conduct postdrought assessments and after-action reviews to promote
learning and better responses in the future.

e Mentor new employees and develop drought-focused professional
development opportunities.
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exclusions for projects that address drought, may
facilitate timely response to drought.

Fish and aquatic systems—NMore drought, lower
summer streamflow, and higher stream temperature in
a warmer climate will create stress for fish, particularly
cold-water-adapted species that are now near
thresholds for fish function (Isaak et al. 2012, Mantua
et al. 2010). To mitigate the consequences of drought
to fish, it will be important to identify where important
fish habitats and high human use overlap, then reduce
human uses in those areas (table 3.3). For example,
critical fish habitats can be fenced to prevent livestock
use, and fishing and recreation can be prohibited in
critical areas during drought. Public education about the
negative effects of drought on fish may help to change
human behaviors that exacerbate these effects.

The effects of drought on aquatic habitat can be
exacerbated by impediments to fish movement.
Impediments include culverts, fences, low-water
fords, dams, and diversion structures (Matthews
and Marsh-Matthews 2003). Removing physical and
biological barriers to fish movement can help fish
access habitat when streamflow is low (table 3.3).
High temperature can also be a barrier to cold-water-
adapted fish species (Mantua et al. 2010). Steps to
minimize increases in stream temperature include
maintaining riparian vegetation, restoring incised
streams to improve infiltration of the hyporheic zone,
and maximizing instream flows (Mantua et al. 2010).
Lateral habitat connectivity can be improved by
increasing floodplain connectivity and restoring side
channels, wet meadows, and wetlands (Peterson and
Halofsky 2018).

Table 3.3—Drought vulnerabilities, adaptation strategies, and adaptation tactics for fish and aquatic habitat in the

Pacific Northwest

FISH AND AQUATIC HABITAT

VULNERABILITY ADAPTATION STRATEGY

ADAPTATION TACTICS

Limited water in times of drought,
resulting in more frequent and intense
disturbance because of concentrated
and intensive use of water.

Identify key areas important to fish
populations and human uses.

Reduce human activities in areas
important to fish populations.

Provide public education and
outreach on needs of fish during
drought.

Allow for movement of fish to

reach suitable habitat by removing
barriers, while maintaining barriers
that limit aquatic invasive species.

Lower base flows and loss of
connectivity during drought.

Restore or improve lateral
connectivity.

Map areas important to fish and overlay areas of high human use (e.g., roads,
campgrounds, trails).

Identify locations with the most cold-water habitat, connectivity, and
presence of species of interest.

Reduce use by livestock by fencing off critical fish habitat areas and providing
alternative water supplies.

Limit fishing and recreational use during drought.
Move recreation to less critical areas.
Decommission roads and trails where appropriate.

Educate the public, including ranching and farming communities, to encourage
behaviors that protect fish.

Explain why access is limited and how it will benefit fish.

Protect key areas with personnel who can also aid with education and
outreach to the public.

Remove physical barriers such as culverts, fences, low-water fords, dams,
and diversion structures.

Remove invasive species.

Reduce temperature where it creates a thermal barrier (maintain instream
flows, increase instream flows by restoring incised streams, and provide
structure).

Create fish bypass areas and add screening to prevent fish from going into
areas that will dry out.

Increase floodplain connectivity.

Aggrade down-cut/incised channels.

Remove dikes and levees.

Restore side channels and alcoves (to promote lateral complexity).

Restore wet meadows and wetlands.

Increase floodplain roughness by adding more wood and restoring vegetation.

(continued)
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\Watersheds and stream reaches that are now in poor
ecological condition are likely to be more vulnerable

to drought (Matthews and Marsh-Matthews 2003).
Increasing habitat complexity in watersheds and riparian
areas may help reduce negative effects of drought.
Habitat complexity can be increased through restoration
of riparian areas, wet meadows, and wetlands, as well
as streams. Reducing road density will reduce erosion
and sedimentation in streams. Maintaining or restoring
American beaver (Castor canadensis) populations can
increase habitat complexity, improve water retention,
trap sediment, increase infiltration of the hyporheic
zone, and increase low-flow volume (Pollock et al. 2014)
(fig. 3.8).

Interactions with nonnative fish species and other
aquatic organisms are a significant stress for native

cold-water fish species (Rahel and Olden 2008). Lower
streamflows and higher temperatures favor invasive fish
species, and invasions can lead to simplification of biotic
communities. Reducing populations of nonnative species
can help to increase viability of native fish populations.
Ways to control nonnative populations include modifying
fishing seasons, increasing catch limits for invasive
species, and encouraging people to catch more invasive
species (table 3.3), as well as traditional techniques

for removal of unwanted fish such as electro-fishing

and chemical treatments. Better collaboration between
Federal agencies and State and Tribal fish managers
would also help reduce impacts of nonnative species.

Forest ecosystems—Some current forest management
practices can help to increase resilience to drought. For
example, thinning treatments are generally designed

Table 3.3 (Continued)—Drought vulnerabilities, adaptation strategies, and adaptation tactics for fish and aquatic

habitat in the Pacific Northwest

FISH AND AQUATIC HABITAT

VULNERABILITY ADAPTATION STRATEGY

ADAPTATION TACTICS

Drought susceptibility of marginal
habitat that is less complex or
watersheds in poor condition, leading
to more fish exposure to warmer water,
higher pollutant concentrations, less
space, and less dissolved oxygen.

Increase complexity in watersheds
and riparian areas to increase their
resilience.

Increase in-stream flows.

Lower streamflows and higher
temperatures that favor invasive
species and simplify biotic communities.

Reduce invasive species
populations.

e Re-establish riparian habitat; protect, restore, and improve quality of riparian

vegetation.

Reduce road density and decommission roads that damage aquatic habitat.
Remove dikes and levees to restore habitat connectivity.

Restore wet meadows and wetlands.

Manage springs to provide sufficient baseflow.

Restore incised streams.

Restore beaver habitat and colonies.

Control erosion.

Secure in-stream water rights.
Improve water efficiencies (e.g., household use, irrigation).
Restore down-cut wet meadows.

Change point of diversion to get downstream withdrawal/redirect where
water flows are occurring.

Manage surface water and groundwater concurrently.

Control invasive species that require large amounts of water.

Modify timing of fishing season, and increase catch limits for invasive
Species.

Reduce nonnative fish with electro-fishing, chemical treatment, and predator
species.

Use reward system to encourage people to catch invasive fish and amphibian
species.

Enhance natural predators of invasive fish and amphibians.

Increase habitat complexity to protect native species and allow for native/
nonnative coexistence.

Moderate stream temperature increases to favor native aquatic species.

Conduct education and outreach on how invasive species affect native fish
populations.

Collaborate with State and Tribal agencies to manage fisheries to reduce
impact of invasives on native fish species.
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Figure 3.8—Engineering by American beavers (Castor
canadensis) encourages the slow release of water to
downstream users and retains water for migrating salmon
and other aquatic species. Reintroduction of beavers can help
to retain these functions in forested watersheds. (Photo by
Sarah Koenigsberg, High Country News, http://www.hcn.org/
issues/47.19/the-beaver-whisperer)

to reduce inter-tree competition for water and light

and increase growth and vigor of residual trees. Thus,
thinning improves both the resistance and resilience of
trees to drought (Bottero et al. 2017, Clark et al. 2016,
D’Amato et al. 2013, Giuggiola et al. 2013, Sohn et al.
2016, Vernon et al. 2018), where drought resistance

is the ability of trees to survive and maintain growth
during drought, and drought resilience is the ability of
trees to survive and resume predrought growth rates
after the event. Similarly, prescribed fire reduces stand
densities in dry forests, so prescribed fire can increase
resilience to both wildfire and drought (Johnson et al.
2007, Keeley et al. 2009, Peterson et al. 2011). These
treatments are likely to be most effective in forests that
historically experienced frequent, low- to mixed-severity
fire and that have been affected by fire exclusion (e.g.,
ponderosa pine, dry mixed-conifer, and moist mixed-
conifer forests). Thinning and prescribed fire treatments
must be maintained or repeated to remain effective over
time (Elkin et al. 2015, Sohn et al. 2016). Legislation
such as the recent Good Neighbor Agreements

in Washington and Oregon could help facilitate
implementation of forest thinning and prescribed fire
treatments on Federal lands.

Other ways to increase resilience to drought are to
promote species diversity, drought-tolerant species, and
large-scale diversity of structure in forest ecosystems
(Temperli et al. 2012) (table 3.4). Increasing diversity

is a "hedge your bets” strategy that reduces risk of
major forest loss to drought (Millar et al. 2007). Areas

with less species and genetic diversity will likely be
more susceptible to disturbances such as drought, so
promoting species and genetic diversity in plantings and
in thinning treatments may increase forest resilience

to drought and other stressors (Dymond et al. 2014,
Halofsky et al. 2018). Fire and large-scale mortality
events provide opportunities to plant diverse species
and genotypes (including genotypes adapted to
drought) and modify large-scale forest structure.

In preparation for drought, managers can write
contingency plans to outline responses to large-

scale tree mortality. There may be opportunities to
use dead wood to benefit ecosystems and produce
economic return. Post-fire logging can benefit agencies
economically and may produce funds for forest health
treatments such as thinning and prescribed fire. When
mortality events do occur, the speed of response will
be helped by anticipating the effects of impending tree
mortality (e.g., Preisler et al. 2017) and determining in
advance how to prioritize post-mortality treatments.

Other approaches to increase the capacity of Federal
agencies’ responses to drought include using the
National Integrated Drought Information System (NIDIS)
Drought Early Warning System for the PNV (table

3.4), using existing partnerships to increase capacity
for mitigating and responding to drought, and creating

a regional coordinating group of the National Drought
Resilience Partnership. In general, embedding drought
in existing agency processes would promote a timely
and effective response.

Rangelands—Increasingly severe drought in PNW
rangelands will exacerbate existing stressors, including
invasive species, altered fire regimes, and inappropriate
grazing (Finch et al. 2016). Thus, drought adaptation
options for rangelands focus on increasing the resilience
of rangeland ecosystems, including controlling nonnative
(mostly annual grass) and limiting establishment of
invasive species such as western juniper (Juniperus
occidentalis). Methods include biological controls,
targeted livestock grazing, herbicides, hand pulling, and
other mechanical treatments (table 3.5). Early detection
and targeted elimination of small populations of
nonnatives would limit further spread. After treatment
of nonnative annual grasses, resilience to future drought
and warmer temperatures will be improved by using
native seed sources, adapted to current and future
climate conditions, for planting and restoration (table
3.5). More flexibility by land managers about delaying
certain actions such as seeding (Finch et al. 2016)
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Table 3.4—Drought vulnerabilities, adaptation strategies, and adaptation tactics for forest vegetation in the Pacific

Northwest

FOREST VEGETATION

VULNERABILITY ADAPTATION STRATEGY

ADAPTATION TACTICS

Low variation in species, age, and stand  Increase broad-scale ecological
structure that increases vulnerability to  heterogeneity.
drought and other mortality agents.

Increased tree mortality caused by Reduce mortality with silvicultural
drought and its interactions with fire, treatments.
insects, and diseases.

Identify opportunities to use dead

wood.
Low personnel capacity to manage Develop capacity and guidance for
lands during and after drought, drought preparedness and response.

especially multi-year droughts.

NIDIS = National Integrated Drought Information System.

e Increase use of prescribed burning and managed wildfire in dry forests.
e Reduce stand densities with variable thinning prescriptions.

e |n dry forests, promote species diversity and drought-tolerant species and
reduce relative abundance of drought-intolerant species.

e |dentify and protect drought refugia; build on recent scientific findings to
determine locations of drought refugia.

e Thin stands to increase drought resilience, retaining high-vigor trees that
are more likely to survive in the future.

e Promote drought-resistant species and genotypes.

e Use prescribed fire to decrease stand density and increase resilience to
wildfire.

o After mortality events, replant at lower and more variable densities, and
increase diversity of planted species and genotypes.

e Produce biochar on appropriate sites and incorporate it in the soil profile
where feasible.

e Conduct salvage logging where appropriate to meet objectives for fuel
and potential fire spread.

o Use the NIDIS Drought Early Warning System.

e Better prepare communities for fire by increasing fuel treatments in the
wildland-urban interface and working with communities on evacuation
routes.

e Look for synergies with other objectives (e.g., use thinning and prescribed
fire to both increase drought resilience and reduce fire hazard).

e |everage partnerships to increase capacity for mitigating and responding
to drought; create a regional coordinating group of the National Drought
Resilience Partnership.

e Develop a risk map for drought (as for insects and disease).

¢ Include drought in existing guidance and integrate with ongoing
programs.

e Support risk taking by Federal employees to encourage innovation and
rapid response.

e Conduct proof-of-concept interdisciplinary pilot projects related to
drought resilience.

e (Cultivate and maintain collaborative relationships internally and
externally.
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Table 3.5—Drought vulnerabilities, adaptation strategies, and adaptation tactics for rangelands in the Pacific Northwest

VULNERABILITY

RANGELANDS

ADAPTATION STRATEGY

ADAPTATION TACTICS

Rangeland species with special status
(e.g., greater sage-grouse, Lahontan
cutthroat trout) may be particularly
vulnerable to drought because of
degraded habitat.

Drought encourages the spread of
invasive annual grasses and a transition
to altered fire regimes.

Current social and economic
vulnerability of communities dependent
on rangelands and grazing makes them
more vulnerable to drought.

Increased susceptibility to drought
results from long-term rangeland
decline, related to compromised soils,
reduced organic matter, limited water-
holding capacity, and less vegetation
biomass production.

Drought increases social and cultural
vulnerability of communities that
depend on livestock production.

Reduce evaporative demand from
soils and streams and improve habitat
structure.

Maintain vigorous perennial native
vegetation as a preventive strategy.

Improve communication, education,
and collaboration with range users and
public to identify drought vulnerabilities
and strategies for addressing them.

Maintain or increase soil organic matter
to improve water-holding capacity
postdrought and maintain plant vigor
and diversity.

Ensure adequate forage to maintain
grazing livestock in good condition
during drought.

Control western juniper, Russian olive, and other invasive woody plants.

Increase water retention by increasing soil organic matter and effective
ground cover; improve retention/recovery of biological soil crusts.

Promote grazing that is consistent with standards for rangeland integrity;
evaluate and manage abundance and distribution of wild horse and burro
populations.

Target areas with small exotic grass populations for spraying, and seed
with desired species.

Use alternative treatment methods to manage for invasives, such as
biological controls and mechanical methods.

Use prescribed burning that is appropriate for the plant community;
prioritize fire response on high-value native landscapes.

Increase landscape heterogeneity by breaking up large continuous areas
of shrub cover; manage large areas to promote defendable fire breaks.

Collaborate before, during, and after drought to improve rate of economic
recovery and mitigation of losses.

Seek and use local knowledge to help design new drought programs and
strategies.

Introduce/immerse employees into local ranch/range culture.

Implement experimental stewardship or similar programs to develop new
knowledge and to promote partnerships.

Develop integrated drought plans for both the permittee’s base property
and the allotment to better maintain land health on both.

Maintain practices after drought to promote recovery and resilience for
the next drought (e.g., deferred grazing to maintain/improve desired
perennial plant species).

Change distribution, timing, intensity, and duration of grazing seasons to
promote litter retention and root regrowth.

Vary grazing strategy on individual pastures to provide alternating periods
of growth and herbivory.

Evaluate and manage abundance and distribution of wild horse and burro
populations to reduce impacts during drought and promote vegetation
recovery after drought.

Temporarily provide extra water for livestock, wild horses and burros,
and wildlife. Site water sources to direct grazing intensity away from
sensitive areas.

Decrease timing, intensity, and duration of grazing during drought.

Maintain grazing systems with proper stocking rate, with grazing
allotment designed for long-term productivity and ecological benefits.

Use range riders and place water sources to manage distribution of
livestock.

Remove livestock when the utilization target is reached.

Include target utilization levels for uplands and riparian zones in allotment
management plans, grazing permits, and annual operating plans.
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will improve the likelihood of successfully managing
rangelands during drought periods.

Grazing management will also be important to maintain
and increase resilience of rangelands to drought and
maintain the health of livestock. More severe drought in
the future will alter the availability of forage and water,
requiring evaluation of the timing, intensity, and duration
of grazing; flexible grazing management plans may be
necessary (Halofsky et al. 2017). For example, during
and after drought, stocking rate may need to be reduced
to avoid consequences to rangelands (Finch et al. 2016)
(fig. 3.9). Effective grazing management can help sustain
and promote soil organic matter and effective ground
cover, which increases soil water-holding capacity.
Target use levels for uplands and riparian zones can be
developed and enforced to avoid overuse of riparian
areas (table 3.5). Providing upland water sources may
help to improve livestock distribution. The distribution
and abundance of wild horse and burro populations may
need to be controlled both to reduce impacts during
drought and to promote vegetation recovery following
drought. Maintaining such drought practices and
restrictions after drought will contribute to recovery and
increase resilience to subsequent drought events.

Effective response to drought requires careful planning
before, during, and after the drought event (Finch et al.
2016). Drought management plans integrated between

a permittee’s base property and allotment will help
maintain land health and productive capability on both,
including criteria for entry into and exit out of drought,
actions during drought, and criteria for sufficient recovery
to assume predrought practices. Commmunication and

Figure 3.9—Limiting livestock grazing in riparian areas during
periods of drought helps protect aquatic habitat and water
quality. (Photo courtesy of USDA Forest Service, Southwestern
Region)

collaboration among agencies, Tribes, range users, and
the public is essential to facilitate timely and informed
management (Prestemon et al. 2016). Drought education
can be provided at range permittee meetings and
neighborhood meetings, and the potential for rangeland
collaboratives for restoration can be explored to facilitate
action and possibly reduce conflict. Having Forest Service
and BLM employees embedded in the local range culture
can help them to gain local knowledge and build trust
with permittees. Experimental stewardship or similar
programs could help to identify effective treatments

to increase drought resilience and respond to drought.
Actively seeking and using local knowledge of ranchers
to help design new programs and strategies, and sharing
success stories, will encourage adoption of drought
management strategies.

CONCLUSIONS

The climate, biogeography, and socioeconomics of
Alaska and the Pacific Northwest are diverse. However,
across both regions, rising temperatures, decreasing
snowpack, and less summer water availability will affect
both people and ecosystems in the future. Planning

for and adapting to these changes will be critical to
minimize negative effects on species, ecosystems, and
ecosystem services.

In general, an ecosystem's resilience to changing
conditions and drought will be increased by reducing
existing stressors and improving their current condition.
For example, restoring riparian areas and wetlands will
help to maintain water quality and quantity during drought
events and maintain critical habitat for terrestrial and
aquatic species. A number of steps will help fish survive
when streamflow is low: limiting livestock, fishing, and
recreational uses in key habitats, and removing physical
and biological barriers to fish movement. In dry forests
characterized by historically frequent fire, resilience

to drought and fire can be increased by mitigating the
effects of past fire exclusion with thinning and hazardous
fuel treatments. Similarly, addressing altered fire regimes,
overgrazing, and invasive species will help to maintain
rangeland productivity and ecosystem resilience under
changing conditions.

Limited guidance exists for land management agencies
to use in response to drought. The capacity of Federal
agencies to respond effectively to drought is also

limited. However, several tools and frameworks could

be adapted to facilitate planning for and responding to
drought, including BMPs for water quality, the Watershed
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Condition Framewaork, climate change vulnerability
assessments, and disaster management frameworks.
Improving coordination among partners, States, and
Federal agencies, and leveraging existing programs will
also help improve drought planning and response.

Successful management of the effects of drought,
climate change, and other water-related issues will
require Federal agencies to have the organizational
capacity to assess potential changes in natural

resource conditions and implement appropriate
responses. These efforts will be most effective if
assessments and adaptation are incorporated into
ongoing planning and management processes, rather
than as a separate effort. More extreme ecological
events in coming decades, including drought, will be
the primary mechanism through which ecosystems will
respond to climate forcings, in some cases leading to
abrupt changes in structure and function. Planning for
anticipated future changes will not only give agencies
lead time for near-term actions that may reduce adverse
impacts of extreme events, but also improve their ability
to quickly respond when those events occur.
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