
BY KAREN RIPLEY

Consider a com-
mon caricature of
drought: “Water!
Water!” gasps a gaunt
man in shredded
clothing crawling
through a parched
landscape that quiv-
ers with heat waves. Vultures lean in
from perches atop a lone dead tree.  

The man is easy to take care of.
Every spring people who work out-
doors review prevention, symptoms,
and treatments for heat-related illness:
“Place in shade. Loosen clothing and
stretch muscles. Slowly give fluids.
Monitor; medevac if no improvement.”
(Incident Response Pocket Guide, PMS
461, January 2014, pg. 103.)

But what about that tree under the
vultures? It couldn’t beg for water. It
couldn’t move to shelter. No one slowly
provided fluids. How did that tree get
there in the first place? The weather
can be dry every year, most summer
days, and sometimes extremely dry for
many summer days in row. The tree
was able to grow to maturity, but what
changed? Why did it die this time?
How did it die? Could you have known
it was in trouble?

Water is a factor that regularly limits
vegetation metabolism and growth in
the Pacific Northwest and Inland
Empire. The signs of annual, seasonal,
and daily differences and fluctuations
in water availability are constantly visi-
ble on trees and forests across the
landscape.   

A climate based on mild winter
temperatures and regular summer

drought is thought to
be the basis of conifer-
dominated forests. All
the trees have to
reduce their photosyn-
thetic activity during
periods of peak sum-
mer evaporative
demand. Yet, the
conifers have an
advantage, able to pho-
tosynthesize during the
shoulder seasons and
mild winters when
water is available but
deciduous trees are
bare.

Annual woody
growth of tree rings is
determined by and
records the availability
of water. As the weath-
er warms and dries, the
“early” wood becomes
increasingly dense and
dark. “Late wood” con-
cludes with a sharp
margin as foliage hard-
ens off, moisture is
depleted, and annual
growth ceases. Dry years are recorded
with narrow rings. Wet, favorable years
with longer duration growth show up
as wide rings. The trees that grow on
the most marginal sites display the
strongest indications of stressful con-
ditions.

Changes in transpiration load and
water requirements also occur daily.
With exposure to daylight, trees open
leaf pores (stomates) in order to
acquire carbon dioxide necessary for
photosynthesis. However, water vapor
is lost through those same openings.

Signals from dry roots can override the
leaf cells’ local chemical reactions,
closing the stomates and halting pho-
tosynthesis until water depletion is
restored overnight or when weather
patterns bring needed moisture.

Differences in available water and
water demand are also caused by
topography. Mountain elevations and
rain shadows influence precipitation
release. Slope determines how quickly
surface water runs off. Aspect deter-
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A single, small Douglas-fir tree that has been killed
by drought. It occupied an exposed location. Needle
loss was non-uniform. There might be secondary
bark beetles present, but the roots are likely sound.
The remaining needles are likely shrunken.



mines exposure to the evaporative
power of direct sunlight. North-facing
slopes or moisture-carrying swales
support more trees than south-
exposed slopes. Centuries of topogra-
phy-associated physical and biological
processes contribute to soil character-
istics and moisture-holding capacity.  

Vegetation patterns and plant com-
munities emerge from the aggregation
of all these factors. Seedlings face the
most difficult environments, requiring
moisture to germinate, with large sur-
face area of vulnerable (soft) tissues,
but with limited rooting area and
enduring the widest extremes of hot
and cold temperatures at the ground’s
surface. The tree species capable of
enduring the most arid sites (Oregon
white oak, western juniper, ponderosa
pine) require at least 7-11 inches of
annual precipitation to establish, per-
sist, and grow. Microsite differences

such as the shad-
ing and moisture
amelioration pro-
vided by coarse
woody debris or
by slightly protec-
tive variations in
topography can
greatly affect
seedling survival.

But is “drought”
a more exception-
al circumstance
than common water stress and sea-
sonal patterns?

The US Drought Monitor
(http://droughtmonitor.unl.edu/)
publishes new maps weekly that indi-
cate areas that are “Abnormally Dry”
through various categories of drought
to “Exceptional Drought.” These clas-
sifications are based on soil moisture,
streamflow, precipitation, and other
drought indicators (see http://bit.ly/
N8NnjY). “Short term” drought condi-
tions are usually features that last
from one to six months. So, although a
tree could be overwhelmed and

injured by acute, extreme environ-
mental conditions, like several hours
of exposure to dry winter winds or
several days of 100 degree tempera-
tures in late May, that’s not drought.
Short-term stressors and water depri-
vation impacts are closely related and
may add up to drought impacts.

Some of the most immediate symp-
toms of short-term moisture stress
(http://bit.ly/24M8PMm) can be
observed in the foliage: wilting or
shrinkage; discoloration, browning, or
necrosis at the leaf edges or needle
tips; and premature leaf or needle
drop that isn’t uniform throughout the
crown. Injuries are most common to
the top and peripheral parts of a tree
crown because those tissues may be
softest, most exposed to heat and
evaporative demand, and furthest

2 WESTERN FORESTER  ◆ JUNE/JULY/AUGUST 2016

Next Issue: Urban Forestry

Annual Drought Effects
Readily Visible
(CONTINUED FROM FRONT PAGE)

Western Forester
Society of American Foresters

4033 S.W. Canyon Rd. • Portland, OR 97221 • 503-224-8046 • Fax 503-226-2515
rasor@safnwo.org • www.forestry.org/northwest/westernforester/2016

Editor: Lori Rasor
Western Forester is published five times a year by the Oregon, Washington State,

Inland Empire, and Alaska Societies’ SAF Northwest Office

State Society Chairs

Oregon: Steve Pilkerton, CF, 5960 NW
Primrose St., Albany, OR 97321; 541-737-
3236 (o); steve.pilkerton@oregonstate.edu

Washington State: John Walkowiak, CF,
3515 Oakmont St. NE, Tacoma, WA 98422;
253-320-5064; jewalkowiak@harbornet.com

Inland Empire: Bill Love, CF, Inland Forest
Management, 214 S. Center Valley Rd.,
Sandpoint, ID 83864-9542; 208-263-9420;
inlandempiresaf@gmail.com

Alaska: Brian Kleinhenz, Sealaska
Corporation, One Sealaska Plaza, Suite 400,
Juneau, AK  99801; 907-586-9275 (o);
brian.kleinhenz@sealaska.com

Northwest Board Members

District 1: Keith Blatner, Professor and
Program Leader for Forestry, School of the
Environment, Washington State University,
Pullman, WA 99164-99164; 509-595-0399 (c);
509-335-4499 (o); blatner@wsu.edu

District 2: Ed Shepard, PO Box 849,
Newberg, OR 97132; 971-832-3945;
sssstr1@comcast.net

Please send change of address to:
Society of American Foresters

5400 Grosvenor Lane
Bethesda, MD 20814

membership@safnet.org

Anyone is at liberty to make fair use of the material in this publication. To reprint or make multiple reproduc-
tions, permission must be obtained from the editor. Proper notice of copyright and credit to the Western
Forester must appear on all copies made. Permission is granted to quote from the Western Forester if the
customary acknowledgement accompanies the quote.

Other than general editing, the articles appearing in this publication have not been peer reviewed for techni-
cal accuracy. The individual authors are primarily responsible for the content and opinions expressed herein.

PHOTO COURTESY OF ROBERT L. ANDERSON,
USDA FOREST SERVICE. BUGWOOD.ORG

Drought symptoms on maple foliage:
dead, dry areas along edge of maple
leaf. There is a distinct (not blurry)
margin between damaged and live
tissue.
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from the water source (roots). Growth
losses result from generally reduced
photosynthetic activity as well as by
large increments of impact when por-
tions of shoots and tree tops die back.
Such injuries may be observed imme-
diately in the season they occur. They
may also develop when the next grow-
ing season commences and deciduous
trees fail to leaf out, additional injured
areas in conifer crowns dry out to red,
or, instead of breaking buds, a green
conifer seems to suddenly give up the
ghost and drop its needles (hemlock).
Many of the affected conifers show no
indication that pathogens, insects, or
other animals are responsible for the
damage. 

Opportunistic pests and pathogens,
favored by moisture stress, can also
exacerbate or complicate moisture
stress symptoms by killing tree tops,
flagging weak branches, or advancing
through compromised roots. They are
likely secondary to the drought dam-
age. Bark beetles attack trees at times
of day when moisture stress is highest,
increasing the likelihood that defen-
sive pitch reserves will be of inade-
quate volume and pressure to success-
fully prevent entry and expel them.
Dwarf mistletoe infection interferes
with the local stomatal control in a
broomed area, contributing to
increased moisture loss, potentially
increasing stress on the rest of the tree.

The impact of “normal” summer
moisture stress (short-term drought) is
strongly influenced by its duration.
Snowpack volume and the onset of
summer heat contribute to the initial
moisture supply in the soil and evapo-
rative demand on the land and plants.
The conclusion of summer drought is
also key. Similar to seasonal starvation
conditions for elk and other ungulates
that are challenged to find food every
winter, whether they die depends on if
they can endure depletion until spring
relief arrives. Levels of tree injury are
influenced by when the jet stream
shifts, setting up rain-laden storm
tracks to deliver a series of wet storms
that replenish the soil moisture and
relieve the trees’ water stress for
another year. It’s normal for storm pat-
terns to arrive in early October, but if
the weather doesn’t change until
November, many trees die.

Drought is likely to increase in

intensity and duration, punctuated by
extreme heat events as the climate
changes, becoming hotter and dryer in
summer with less moisture held in
snowpack reserves. But which trees

will be most vulnerable to persistent,
visible injury or mortality? Trees that
are low vigor or predisposed with
other injuries or acute pest problems?
Trees with the highest metabolic
demands? Trees with the bad luck to
be detected by opportunistic insect
populations? Tree species that are mal-
adapted to extreme moisture stress?

As we continue to manage forests,
preparation for increased moisture
stress and drought conditions must
surely include preventing injuries and
activities that compromise vigorous
trees or reduce soil water holding
capacity; reducing inter-tree competi-
tion for water; learning about the limi-
tations and associated vulnerabilities
of moisture stressed trees to acute
injury, planting failure, and insects and
pathogens; improving and maintain-
ing awareness of the weather that
affects our jurisdictions and may
exceed tree tolerances; and planning
appropriately sized and timed
response (tolerance, salvage, tempo-
rary tree protection) as damage is
anticipated or observed. Get started
now. ◆

Karen Ripley is assistant division man-
ager, Forest Health, Fuel Reduction,
Grants, Urban and Community
Forestry, Wildfire Division, Washington
State Department of Natural Resources,
in Olympia. She can be reached at 360-
902-1691 or karen.ripley@dnr.wa.gov.
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The Douglas-fir engraver beetle
(Scolytus unispinosus), gallery
shown, commonly attacks weak-
ened, injured, dying, and recently
dead young Douglas-fir, often in
association with Scolytus tsugae.
During periods of drought, large
populations sometimes breed in
slash and then kill nearby young
Douglas-fir. Such outbreaks are
sporadic and of short duration.



BY KATHIE DELLO

rought is a slow-
moving natural

disaster with vast
economic and eco-
logical impacts.
However, droughts
are not one-size-fits-
all and are not easily

defined. Kelly Redmond of the Western
Regional Climate Center offered a defi-
nition in the Bulletin of the American
Meteorological Society in the early
2000s that captures the elements of
both supply and demand. He proffered
that drought is “insufficient water to
meet needs.” While this definition is
relatively simple on its face, it speaks
to the complexity of both water supply
and demand in times of shortage. 

Drought in the Pacific Northwest
may seem like a paradox. The region
has a rainy reputation, mostly bestowed
upon by people outside of the American
West. The reality is that precipitation
in the Pacific Northwest varies in both
space and time. The region east of
the Cascade Range is drier than the
west. The wet season runs from about
October to March, and the hot summer
months receive little to no precipita-
tion. To make up for that extended dry
period, water must be stored. Large
storage and flood control reservoirs
capture rain and snowmelt so it can be
released slowly. However, the region’s
most important reservoir is the natural
mountain snowpack.

When storms move in during the
winter months, they deposit day after
day of rain in the lower elevations. But
if these storms are cold enough, they
dump feet of water-filled snow in the
higher elevations of mountains. This
snow ideally melts out slowly through
summer, and in late September, the
process begins again. 

But the climate doesn’t always work
like it should. For one thing, the Pacific
Northwest is prone to what we think of
as “warm” snow. The proximity of the
ocean and relatively low elevation of
the mountains means that snow often
falls at a temperature close to freezing.
This is especially true in the Cascades,
where the majority of the surface area
is below 7,000 feet. In this region,
drought usually starts in the winter
and manifests itself in the summer.

The winter of 2014-2015 was espe-
cially remarkable in that the region
experienced an abnormally warm win-
ter. All the while, precipitation was
near normal until about February. This
meant that storms would come in and
fall as rain except for at the very high-
est elevations. A new term, “snow
drought,” was coined, adding to the
complexity of defining drought. This
winter looked more like what we
would expect in the 2040s in a warm-
ing climate. It also underscored the
absolute sensitivity of our snowpack to
temperature.

Is snow drought something new,
though? Many remember the droughts
of 1977 and 1992. The latter drought
looked more similar to the 2015
drought than 1977. There have been
warm winters in the past, but the two
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Defining and Monitoring Drought
in the Pacific Northwest
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seasons—spring and summer—that
followed the very warm winter put the
final nails in the coffin. 

A wet spring can help ease the pain
of a snowless winter, but spring 2015
was dry. The final punch in an already
painful year was a hot and dry summer
that saw crop losses, recreational
impacts, fish kills, and devastating fires.
The needs in the drought equation are
often cross-sectoral, multi-dimension-
al, and sometimes in direct competi-
tion. Water in the Pacific Northwest is
used in the ag and forest sectors, for
recreation, hydropower, fish propaga-
tion and survival, and municipal,
industrial, and cultural uses. 

The year 2015 was one of the worst
droughts in the historical record in the
Pacific Northwest, but it wasn’t looking
good for the following winter either.
With an El Niño developing in the
equatorial Pacific—one of the strongest
on record, in fact—everyone braced
themselves for another year of drought.
El Niño in the Pacific Northwest tends
to tilt the odds toward warmer and
drier winters. Warmer came through,
but fortunately, drier did not. It was
one of the wettest winters on record.
Snow was able to build in the moun-
tains across the three states of Idaho,
Oregon, and Washington despite the
warmer-than-normal temperatures.
We mark the end of the snow season
on April 1, and we crossed the snow
“finish line” with ample snow in the
mountains.

What was lurking in the back-
ground was a similar problem to last
year—April and May 2016 were excep-
tionally warm and also dry. The snow-
pack quickly disappeared at low eleva-
tions, leaving snow only on the highest
peaks. Streamflows quickly rose, but
plummeted after the snow had passed
through. Basins without storage—such

as Oregon’s John Day Basin—are see-
ing flows more similar to mid-late
summer. There is some good news—
large storage reservoirs were able to
replenish their supply, meaning there
will be water available in parts of the
region that didn’t have it last year.  ◆

Kathie Dello is with the Oregon
Climate Service, Oregon State
University, in Corvallis. She can be
reached at 541-737-8927 or kdello@
coas.oregonstate.edu.
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Drought by the Week

Tracking drought is often as difficult as defining it. The US Drought Monitor was
created to help monitor drought conditions around the country. It is a weekly prod-
uct that tracks drought using a suite of indicators, impacts, and best professional
judgment. It is produced by a combination of a group of state and federal agency
staff, state climatologists, academics, and other water and ag managers. 

The map bins drought conditions into five categories ranging from abnormally
dry (d0) to exceptional drought (d4). The monitor is used by the USDA for federal
drought assistance funds, but is also a widely used tool by state and local govern-
ments and the media. 

As 2016 continues to unfold and we move squarely into our hot and dry sum-
mer season, that group of experts will continue to monitor conditions in our region.
The current depiction has abnormally dry areas in Oregon, Washington, and Idaho,
with moderate drought in eastern Oregon. The US Drought Monitor is available at
droughtmonitor.unl.edu.
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BY MATT POWERS

rowing-season
droughts are

common in many
parts of the North-
west and are predict-
ed to become more
frequent and severe
over the coming
decades. Droughts directly and indi-
rectly impact trees by reducing growth,
altering patterns of resource allocation,
increasing susceptibility to pests and
pathogens, and increasing mortality.
Thus, considerable incentives exist to
develop silvicultural strategies that
reduce drought impacts. Strategies for
managing drought stress largely fall
into one of three categories:
1) reducing competition for
soil moisture; 2) altering the
microclimate to reduce tran-
spiration rates (water loss
from leaf surfaces); and 3)
favoring drought-adapted
species. Selecting the right
combination of these
approaches on any given site
will depend on the composi-
tion and structure of current
vegetation, site characteris-
tics, and landowner manage-
ment objectives. As a starting
point, it is useful to consider
the silvicultural tools avail-
able for reducing drought
impacts on both young
regeneration and mature
trees.

Managing drought
impacts on tree
regeneration

Droughts are particularly
challenging for young
seedlings with small root sys-
tems and limited root con-
tact with the bulk soil envi-
ronment. Managing compe-
tition for soil moisture repre-
sents one strategy for reduc-
ing drought impacts on vul-

nerable seedlings. Vegetation manage-
ment treatments applied prior to
regeneration establishment and after
planting can greatly reduce the abun-
dance of competing vegetation. This
reduces the amount of transpiring leaf
area on the site so more moisture
remains in the soil and available to
crop trees.  

Herbicides applied as a broadcast
treatment or as spot treatments in
problem areas are the most common
and usually the most cost-effective
vegetation management tools.
Managers can use varying chemicals,
application rates, methods, and tim-
ings to achieve different levels of con-
trol over various types of vegetation.
Because laws regulating herbicide use
in forestry vary among states and

chemicals vary
in their specificity, mode of action, and
potential environmental impacts, it is
important to use herbicides in accor-
dance with local laws, label specifica-
tions, and relevant best management
practices.  

Alternatively, mechanical cutting
with brush saws can control shrubs
and/or undesired trees, while hoeing
or scalping around seedlings can
reduce competition from grasses and
forbs if applied repeatedly. Plastic or
fiber mulch mats can also be an effec-
tive tool for controlling grasses and
forbs while simultaneously reducing
evaporation from the soil around
planted seedlings. These practices are
typically more expensive than herbi-
cide applications, but they offer alter-

native methods of vegetation
management for landowners
who have small areas to
treat, who choose to avoid
herbicides, or in circum-
stances where herbicide use
is restricted.

Modifying the microcli-
mate that seedlings are
developing in is another
approach to reduce drought
impacts on tree regeneration.
Exposure to high winds, high
temperatures, low humidity,
and high levels of direct sun-
light increases evaporative
demand at leaf surfaces. This
promotes higher transpira-
tion rates, which can reduce
the survival and establish-
ment of young seedlings.
Regeneration cutting meth-
ods like shelterwoods, vari-
able retention harvests, and
group selection cuttings can
all generate varying levels of
shade and shelter to reduce
evaporative demands on
young seedlings. 

The shade provided by
residual overstory trees, how-
ever, can also reduce seedling
growth rates. Additionally,

Forest Management in the Face of
Drought: Silvicultural Strategies for
Reducing Drought Impacts
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Regeneration cutting methods that incorporate partial
canopy cover like this shelterwood cut on Oregon State
University’s McDonald Forest can increase survival and
establishment rates of young seedlings by reducing the
evaporative demand placed on their foliage.



residual overstory trees can compete
with seedlings for soil moisture and
may contribute to health issues for
newly established regeneration if the
overstory trees host dwarf mistletoes or
certain fungal pathogens. Thus, the
benefits of partial shade for reducing
moisture stress during initial seedling
establishment must be weighed against
longer-term impacts on seedling
growth and vigor. Overstory impacts on
seedling growth can be limited by
removing residual trees after seedlings
have become well established or
expanding the size of gaps over time by
harvesting trees around the gap
perimeter. The viability of these options
will depend on broader management
objectives and on the operational feasi-
bility of such treatments.

Planting or encouraging natural
regeneration of more drought-tolerant
species or seed sources represents a
longer-term strategy for reducing
drought impacts. Deep-rooted species
with relatively high ratios of sapwood
(water conducting tissues) to leaf area
and relatively low leaf-level transpira-
tion rates are typically more tolerant of
drought because they can access water
from a larger portion of the soil profile
and have a greater ability to limit the
moisture stress generated by high
evaporative demand on warm, dry
days. As an example, Douglas-fir rep-
resents a more drought-tolerant
option than western hemlock or west-
ern redcedar in moist forests, while
ponderosa pine represents a more
drought-tolerant option than true firs
or Douglas-fir in drier forests (Table 1).

Managing drought impacts in
mature stands

Thinning is commonly suggested
for reducing drought stress in oversto-
ry trees. The rationale is fairly simple:

thinning reduces the amount of tran-
spiring leaf area in a stand (which
reduces water losses from the soil),

reduces the interception of precipita-
tion by tree canopies (so that more

WESTERN FORESTER  ◆ JUNE/JULY/AUGUST 2016  7

Scientific Name Common Name Drought Tolerance

Abies amabilis Pacific silver fir L

Abies grandis Grand fir L-M

Abies lasiocarpa Subalpine fir L

Acer macrophyllum Bigleaf maple M

Alnus rubra Red alder L

Arbutus menziesii Pacific madrone H

Calocedrus decurrens Incense-cedar H

Chamaecyparis nootkatensis Alaska yellow-cedar L

Juniperus occidentalis Western juniper H

Larix occidentalis Western larch M

Picea engelmannii Engelmann spruce L

Picea sitchensis Sitka spruce L

Pinus contorta Lodgepole pine M

Pinus monticola Western white pine M

Pinus ponderosa Ponderosa pine H

Populus tremuloides Quaking aspen L-M

Populus trichocarpa Black cottonwood L

Pseudotsuga menziesii Douglas-fir M

Quercus garryana Oregon white oak H

Thuja plicata Western redcedar L

Tsuga heterophylla Western hemlock L

Table 1. Relative drought tolerance of common tree species in the Northwest.
L indicates low drought tolerance, M indicates moderate drought tolerance,
and H indicates high drought tolerance.
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moisture reaches the soil), and reduces
the number of stems (so that an
increased proportion of the soil mois-
ture is allocated to each tree). In gen-
eral, these outcomes should reduce
drought impacts on tree and stand
growth. Thinning has been shown
to reduce moisture stress in a wide
range of tree species, and lower stand
densities have been shown to reduce
drought-related mortality across a
wide range of species as well. These
effects are particularly pronounced in
drier forest types like ponderosa pine
and dry mixed conifer forests. Thinning
can also be used as a tool to reduce
the abundance of drought-sensitive
species and reallocate growing space
toward drought-adapted species.
Under some circumstances, however,
these beneficial impacts related to
drought should be weighed against
other potentially undesirable impacts
of stand density reductions.

Although thinning can increase soil
moisture availability, it can also
increase exposure to environmental
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Dense stand of ponderosa pine and western larch (top) and a similar stand
immediately after thinning (bottom) on the Deschutes National Forest in
central Oregon. Thinning can be a very effective tool for reducing drought
stress in dry conifer forests like this one, but there are tradeoffs to consider
with some species and site conditions across the Northwest.
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extremes, leading to increased mortali-
ty and growth reductions in some situ-
ations. Thinning, particularly heavy
thinning, increases canopy exposure to
wind, snow loads, and direct sunlight,
which contribute to increased evapora-
tive demand and increased risk of
mechanical damage. This is a particu-
lar concern for high-elevation forests
and for some hardwoods in our region.
Red alder and quaking aspen, for
instance, rapidly close their stomata
(pores on leaves through which water
is lost and CO2 is gained) in response to
high levels of evaporative demand,
even when soil moisture levels are rela-
tively high. This stomatal closure in
response to high evaporative demand
can reduce growth due to limited CO2

uptake. Lower stand densities can also
be associated with increased mortality
in high elevation forests during moist
periods as a result of increased expo-
sure to windthrow, cold winter temper-
atures, and damage from heavy snow
loads. Additionally, moderate-heavy
thinning typically reduces net volume
production, which may be undesirable,
particularly on sites where drought
impacts are likely to be less severe such

as coastal sites with regular summer
fog. These factors may potentially off-
set some of the benefits of lower stand
densities during droughts.  

Issues associated with increased
canopy exposure are most prevalent
following heavy thinnings that greatly
open up the canopy. Light-moderate
thinning may still benefit many high-
elevation forests and hardwoods like
alder and aspen during droughts by
increasing moisture availability while
minimizing the increase in environ-
mental exposure that could increase

stress and mortality risk during moist
periods. Ultimately, though, managers
interested in using thinning as a tool for
reducing drought impacts should con-
sider potential interactions with site
conditions and species traits before
applying thinning treatments.  ◆

An SAF member, Matt Powers is an
instructor for the OSU College of
Forestry in Corvallis. He can be reached
at 541-737-6550 or matthew.powers@
oregonstate.edu.
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BY TIMOTHY E. LINK,
JESSICA LUNDQUIST, AND

SUSAN DICKERSON-LANGE

he role of forest-
ed lands in sus-

taining high-quality,
consistent flows of
water has been rec-
ognized for millen-
nia, notably dating
back to Emperor Yu
of China circa 2200
BC. In the US the for-
mal recognition of
the relationship
between forests and
water was codified in
the Organic Act of
1897 that led to the
formation of the US
Forest Service with
an explicit purpose
of “securing favor-
able conditions of
water flows” from
public forestlands.
Forested mountain-
ous regions have
more recently been
referred to as the
water towers of the
world for their provisioning and regu-
lation of water resources to support
aquatic ecosystems, irrigated agricul-
ture, municipalities, recreation, and
aesthetic and spiritual values. Since
forests both affect and are affected by
water availability, understanding for-
est-drought feedbacks and managing
lands for both forest health and water
supply are critical research and man-
agement priorities.

Forests are a primary control on the
storage and movement of water in a
watershed, while forests themselves are
affected by water availability. Forest

change can therefore mitigate or
enhance drought conditions, and
drought can drive forest change. The
hydrology and impacts of drought on
forested systems can be conceptual-
ized by flows between a series of five
water storage reservoirs: 1) vegetation
surfaces; 2) seasonal snowpack; 3)
shallow soils; 4) groundwater; and 5)
surface water bodies.

Streamflows from forested water-
sheds are fundamentally controlled by
the balance between the amount of
precipitation that enters the system
and losses by evapotranspiration,
which is comprised of evaporation of
water primarily from vegetation, tran-
spiration of soil water, and sublima-
tion of snow. Healthy, functioning
forests effectively catch, store, and
modulate the release of cool, high-
quality water from upland areas.
Droughts directly affect these provi-
sioning and regulating services and
challenge natural resource managers
tasked with managing forestlands for
the production of natural resources
while sustaining ecosystem function.

Types and effects of droughts

Three distinct and related types of
droughts affect, and in some cases, can
be influenced by forest vegetation.
Meteorological droughts are character-
ized by much lower than average pre-
cipitation. Snow droughts, similar to the
one that occurred in 2015 in the Pacific
Northwest, occur when peak snowpack
is far below average and/or seasonal
snowpack melts early, even if precipita-
tion is not below average. Hydrological
droughts occur when streamflow is sub-
stantially below average. 

Different drought types can also be
characterized by seasonal vs. multi-
year time scales—this is an important
distinction because terrestrial and

aquatic species may be adapted to reg-
ularly occurring seasonal droughts,
but not extended dry periods. Regional
climate change is affecting the fre-
quency, duration, and intensity of
droughts, and natural resource man-
agers are increasingly being chal-
lenged to develop approaches to
enhance the resilience of forested
ecosystems to buffer climate trends
and variations.

Water resources from forested
uplands are impacted both directly
and indirectly by drought. Reduced
precipitation and snow storage directly
decrease the amount of available soil
water for vegetation use and the
amount of water available for ground-
water recharge and streamflow.
Reduced streamflows can lead to an
increase in concentrations of dissolved
and suspended constituents. Drought
also contributes to increases in stream
temperatures, particularly during the
late summer when reduced stream-
flows and mixing with shallow ground-
water causes streams to warm more
than when more flow is available.
Reduced late season flows can also
reduce, fragment, and degrade the
amount of suitable fish habitat leading
to increased disease and mortality.

Drought can also indirectly impact
forest water resources when linked to
vegetation dieback or mortality from
water stress, insects, pathogens,
and/or fire. Vegetation changes that
reduce the amount of canopy can
potentially increase streamflows. This
is because there is less area available
to intercept precipitation and transpire
water, and more available water may
increase groundwater recharge and
streamflows. However, in windy
and/or sunny snow-dominated areas,
canopy reductions can lead to earlier,
more rapid snowmelt, reducing the
amount of late-spring snow storage
available to replenish soil moisture
and sustain summer streamflows. 

Drought-influenced vegetation
changes, especially in areas affected by
wildfires, can have profound impacts
on water resources, including
increased snowmelt rates, erosion,
sedimentation, nutrient loading, and
stream heating. The direct and indirect
hydrological and water quality impacts
of drought can be mitigated or exacer-
bated by land management, and this is
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a high priority area for research to
increase the fundamental scientific
understanding to develop effective
drought mitigation practices.

Management approaches

The approach of timber harvesting
to increase water yields has been
extensively investigated in the past
and documented in a number of pub-
lications including a special issue of
Water Resources Bulletin in 1983, and
in the 2004 SAF book: A Century of
Forest and Wildland Watershed
Lessons.

Despite the obvious increase in
streamflow that will result due to the
reduction in forest evapotranspiration
from vegetation removal, a number of
issues are related to the use of harvest
to enhance water flows in times of
drought. In addition to the inherent
challenge of being able to predict
when droughts will occur, these con-
cerns include streamflow increases
when additional water is not needed
(e.g., in spring), smaller increases in
drought years, transmission losses,
inability to store increased water
yields, increased evaporation from
reservoirs, and potential adverse envi-
ronmental effects including increased
sedimentation, streambed scour, and
slope instability. Furthermore, regen-
erating vegetation typically uses more
water than mature forests; therefore,
following an initial increase, harvest

can lead to a reduction in streamflows
unless the relative amounts of land in
specific age classes are actively main-
tained over the long term.

More recently, managing water in
forested landscapes specifically for
vegetation health rather than for
watershed outputs was noted as an
emerging priority to enhance the
resilience of forests to drought condi-
tions. Various management approach-
es proposed include thinning, pre-
scribed burning and understory
removal, re-engineering road networks
to deliver intercepted water back to
soils, selection of drought-tolerant
species, mulching, and even irrigation
for particularly high-value forests. 

Recent research by our research
groups have focused on understand-

ing how forests affect snow dynamics
across diverse mountain hydrocli-
mates to develop management strate-
gies to enhance and conserve snow in
forests. Much of this research has
focused on the degree of shading
afforded by homogeneously and gap-
thinned forests on different slopes and
across a range of latitudes. 

Key findings are that in general,
radiation to snow is minimized for
canopy closure values of approximate-
ly 30% and for small forest gaps with
diameters ranging from 1-2 times that
of the surrounding forest height. Other
recent research on snow cover dura-
tion found that in general, where win-
ter temperatures exceed -1°C forest
canopies reduce snow cover duration,
whereas in colder environments forest
cover either has no net effect on snow
duration or increases snow duration.
This analysis was recently refined for
the distinct climates that occur
throughout the Pacific Northwest to
explicitly account for the effects of
temperature, cloudiness, and wind.
The analysis and development of web-
based resources to help managers
develop approaches to conserve forest
snow was supported by the USGS
Northwest Climate Science Center (see
http://bit.ly/1WXvG8b).

A number of research challenges
still exist to understand and develop
optimal management approaches to
increase the resilience of forested
watershed systems to drought condi-
tions. The urgency of this challenge is
increasing, especially in the western
US, where recent warming trends cou-
pled with the high vulnerability of sea-
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Students discuss a forest thinning and snow conservation project on the
University of Idaho Experimental Forest.
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sonal snow covers have increased the
severity of recent droughts. 

The development of specific man-
agement approaches for given sites are
further complicated by the high
degree of climatic and topographic
variations throughout the region.
Future research will likely focus on
how specific thinning practices can be
optimized to conserve forest water
resources as it is an ongoing and wide-
spread accepted practice, and is being
used to address other concerns such
as fire hazard risk reduction. To
address these needs, an ambitious col-
laborative thinning study supported
by the University of Idaho College of
Natural Resources and the National
Science Foundation was initiated this
year on the University of Idaho

Experimental Forest. This study will
provide valuable information for natu-
ral resource managers while serving as
a model project for similar focused
research to buffer the impacts of
longer, more frequent, and intense
droughts on the broad suite of natural
resources that our forests provide.  ◆

Timothy E. Link is a professor of
Hydrology in the Department of Forest,
Rangeland, and Fire Sciences at the
University of Idaho in Moscow, Idaho.
An SAF member, he can be reached at
208-885-9465 or tlink@uidaho.edu.
Jessica Lundquist is an associate profes-
sor in the Department of Civil and
Environmental Engineering at the
University of Washington in Seattle,
Wash. She can be reached at 206-685-
7594 or jdlund@u.washington.edu.
Susan Dickerson-Lange is a project
hydrologist with Natural Systems
Design based in Seattle, Wash. She can
be reached at 206-834-0175 or
susan@naturaldes.com.
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Drought Resources

The effects of drought on forest
productivity and health and on the
aquatic systems within and down-
stream of forested areas have long
been a concern for natural resource
managers. Climate change is expect-
ed to increase forest disturbances
associated with drought occurrences,
and therefore there is a need to adapt
forest management plans to enhance
the resilience of forests to increased
frequency and/or severity of droughts. 

To address this need, the US
Forest Service released the General
Technical Report (WO-93b), Effects
of Drought on Forests and Range-
lands in the United States: A
Comprehensive Science Synthesis
in January 2016. The purpose of
this report is to synthesize current
knowledge of drought effects to help
managers develop approaches to
increase the resilience of forest
ecosystems to the combined direct
and indirect effects of drought. The
comprehensive 289-page document
covers a wide range of topics relat-
ed to droughts and forests including
drought characterization; impacts on
forests; insect, pathogen, and fire
relationships; drought detection;
ecohydrological implications; and
socio-economic considerations.
Additional information and a down-
load link for the report can be found
at: http://1.usa.gov/1X3HtiF.

PHOTO COURTESY OF SUSAN DICKERSON-LANGE

Two University of Washington
researchers snowshoeing to a data
collection site located in an old-
growth forest on the western slopes
of the Cascade Range near Seattle.
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BY DAVID SHAW AND PAUL OESTER

alifornia is in
the midst of a

major drought, espe-
cially in southern
and central Califor-
nia (http://1.usa.
gov/1S2OaMK),
but also scattered
throughout the rest
of the state and into
southern Oregon.
And trees are dying!
A lot of them. What
is killing the trees
right now? Bark bee-
tles (http://bit.ly/
1U4reiC)! After per-
haps 3-5 years of
severe drought, trees are dying, and
insects and diseases are likely playing
a major role. Although trees can die
directly from drought, insects and dis-
eases often exacerbate drought’s effect.

California has set up a “tree mortal-
ity task force” (www.fire.ca.gov/tree-
taskforce/) and they are asking
landowners to remove dead trees as
fast as possible for fuels reduction and
sanitation purposes. Sanitation is the
removal of the pest from the site. In
this context, if trees with beetles in
them can be harvested and processed,
it is thought that the number of insects
will be reduced as will damage in
neighboring forests. Although this is
pretty difficult to do, and may not be
effective, there are benefits to harvest-
ing quickly. 

In southern and central Oregon and
the Willamette Valley, we are witness-
ing a general die-off of Douglas-fir at
the low elevations and in oak wood-
lands, and on especially droughty
sites. This die-off is associated with a
delayed drought effect, where the
drought that culminated in late fall of
2015 had a major effect on tree condi-
tion, and mortality is just now being
seen. The mortality is often associated
with bark, twig, shoot and root-feeding
beetles and weevils, the flatheaded fir
borer, root diseases, and fungal canker

diseases. The exact pest present on
any tree depends on tree size and eco-
logical setting where the tree is grow-
ing.

Managing in the face of drought

Managing forest insect and diseases
associated with drought generally
involves doing everything you can to
maintain individual tree vigor and
health. This includes picking the right
tree for the site, using appropriate
seed sources, maintaining good grow-
ing space, controlling competing vege-
tation, and avoiding logging practices
that wound tree roots and boles, and
compact and displace soils. Doing
general roadside and plantation activi-
ties during flight and search period for
root and root collar weevils, and root
bark beetles, can increase impacts by
attracting these insects that may vec-
tor black stain root disease. Drought
exacerbates the normal issues that are
usually managed for in Northwestern
forests.

The impacts of drought on forest
plantations, and subsequent impacts
from insect and pathogens, relates to
the age and silvicultural treatment his-
tory of the stand. Management
options also depend on the long-term
plan for the plantation, such as man-

aging for short-rotation economic
forestry or unevenaged individual tree
selection forestry. It can be quite a
challenge if drought has not been a
problem and you now find you must
manage for it. Although thinning is
thought to be the number one silvicul-
tural technique used for management
of drought impacts, this can be a
short-term solution that must be fol-

Managing Forests in the Face of
Drought: Insects and Pathogens

PHOTO COURTESY OF KARA SHAW

Douglas-fir bark beetles found
initiating a gallery in a drought-
stricken Douglas-fir. The female
initiates gallery construction and is
joined by the male who is attracted
by an aggregation pheromone.

C

David Shaw

Paul Oester
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lowed with subsequent treatments in a
timely manner, i.e., more thinning.
Remember, with pine engraver beetles
that build up their populations in log-
ging and thinning slash, drought can
elevate susceptibility to green trees
and cause increased mortality if the
slash is not treated or managed prop-
erly, such as creating it in late summer
and fall.

Assisted migration is also proposed
as a drought management technique,
but this is replete with issues and
should be avoided unless there has
been proven testing of seed sources,
i.e., provenance trials in your region. It
is generally known that moving trees
from drier regions into wetter regions
will likely result in higher impacts from
foliage diseases, and trees that grow in
drier regions tend to be more drought

tolerant. But the timing of movement
could be important, i.e., one would
have to wait until the wetter area
“dried out” to begin moving non-local
seed sources into another region. In
addition, patterns of precipitation can
still vary in a drought. For example,
May and June can be wet even in a
drought year. If this occurs, foliage dis-
eases and rust fungi may increase even
in the face of drought.

Insects and diseases associated
with drought

Drought is thought to weaken trees
and make them susceptible to insects
and diseases. Although this is generally
true, it does not occur for all insects
and diseases. For example, vigor does
not appear to be an issue in laminated
root rot infection, while vectors of
black stain root disease are attracted to

stressed trees and rarely attack healthy
individuals.  

The primary conifer forest insect
pest groups thought to be enhanced
by drought in the Pacific Northwest
include bark beetles, weevils, and the
flatheaded fir borer. Other insects such
as aphids and some defoliators (inch
worms, sawflies, and grasshoppers)
have been reported to increase follow-
ing drought. Bark beetles such as the
Douglas-fir beetle on >11 inch
Douglas-fir, the fir engraver on true
firs, and western pine beetle and
engravers (Ips species) on ponderosa
pine are widely known to increase tree
mortality following drought or during
longer droughts. Perhaps less well
known, but increasingly important in
plantations, are reproduction weevils
that feed on roots and twigs. Several
reproduction weevils and a root-feed-
ing bark beetle are known vectors of
black stain root disease, which is
increasing in prevalence in westside
Douglas-fir plantations. We have also
seen an increase in Douglas-fir twig
weevil causing twig and branch mor-
tality in Douglas-fir plantations.

Forest diseases most closely related
to drought are the canker and
shoot/twig diseases. These diseases
are caused by fungi that kill bark in
localized regions of the twig and
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Douglas-fir trees that died during a
drought that also had Douglas-fir
beetles attack the tree. Note the
“stress” cone crop (small abundant
cones formed in the year before
death). The trees are growing in an
ephemeral wet area that likely
caused the trees to have very shal-
low roots. When drought struck, the
roots were completely dried out.

Gulley Logging, LLC
P.O. Box 690 • McKenna, WA 98558

• Ground base and 
Cable Harvesting

• Land clearing,
Road building, and
Road Maintenance

• Harvest layout
and permitting

• Statewide

Member of WFFA
Accredited Master Logger225533--884433--11996644

10th Annual 
Oregon SAF Golf Tournament
Friday, August 19, 2016

Join the Oregon Society of
American Foresters at
Trysting Tree Golf Course
in Corvallis, Oregon, for a
golf tournament to benefit
the OSAF Foundation.

FOR REGISTRATION AND/OR DONATIONS,  CONTACT:
Jessica Fitzmorris at 541-990-7264 or Jessica.fitzmorris@yahoo.com

Lots of
Prizes & Contests!

*
Catered Lunch
included after

the tournament

www.forestry.org/oregon/education/foundation/golf



stem. In Douglas-
fir there are a few
common canker
diseases that kill
branches and tree
tops, including
Phomopsis
canker. In pon-
derosa pine,
Diplodia tip blight
is very closely
associated with
drought stress. In
true fir we expect
a Cytospora
canker to be
important. These
fungi may live in
the tree endo-
phytically, without
harming the tree,
and then cause
damage when the
tree is stressed,
although our real
understanding of
this phenomenon
is poor.  

Root disease
interactions with
drought are
dependent on the
disease. Armillaria
root disease is often associated with
stress, and we therefore anticipate
increased Armillaria activity associated
with drought stressed trees. In general,
however, we feel that trees that are
already infected with root diseases will
be less able to deal with drought due
to reduced root function and area, and
therefore are likely to have dieback or
die outright. In the same vein, dwarf
mistletoe in conifers is not enhanced
by drought stress, but on branches and
trees already infested, the dwarf
mistletoe may cause more branch and
top dieback, or tree mortality.

Hotter drought

Finally, the issue of a hotter drought
has emerged as a major factor in
potential tree mortality.  This is associ-
ated with the relationship between
vapor pressure deficit and tempera-
ture. Vapor pressure deficit (VPD) is
the difference between the amount of
water in the air and the total amount
of water the air can hold. When the
temperature is hotter, the air can hold

more water. Therefore, in a hotter
drought, the VPD is often higher, and
the pull on water from the tree is
increased, adding to water stress.
Insects and diseases that interact with

tree stress may be enhanced due to a
hotter drought because of increased
tree stress.

Summary

Although drought can kill trees
independent of insect pests and forest
diseases, all these factors are often
found together, and many trees that
could survive drought will perish due
to pests and pathogens. In addition,
drought is thought to enhance the
population size of bark beetles and
other pests so that even after the
drought is abated, bark beetles and
root diseases will continue to kill trees
for several more years. Drought can
impact a tree so that it does not die
immediately, and may over-winter
green and fade in the following spring.
In many cases, no consistent group of
pests will be on drought-killed trees,
although in other cases, a major pest
will occur on almost every tree. Long-
term management of plantation
health involves silvicultural tools that
anticipate drought effects.  ◆

Dave Shaw is an Oregon State
University Extension Forest Health spe-
cialist in Corvallis. He can be reached
at 541-737-2845 or dave.shaw@oregon-
state.edu. Paul Oester is an OSU
Extension forester based in LaGrande,
Ore. He can be reached at 541-963-1010
or paul.t.oester@oregonstate.edu. Both
are SAF members.
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Ponderosa pine with Diploidia tip blight near Troy, Ore.
This disease typically infects trees planted “off site” or
those weakened by drought or other agents. Look for
drooping needles and dead twigs scattered in the tree
crown, and infected twigs will be shrunken with thick
resinous tissue. Physical damage is also thought to trig-
ger latent disease. In this particular case, a violent hail
storm may have precipitated the Diplodia-caused damage.



BY JOHN YARIE

he following
statement was

developed to indi-
cate that single sim-
plistic notions of
how drought may
influence forest
ecosystem dynamics
might be more complicated than for-
getting to water your indoor living
room plants: “The surprising conse-
quence of drought in interior Alaska is
related to the opacity of forest dynam-
ics observed across the landscape,
which is related to the structure and
interaction of process-limiting attrib-
utes at individual locations.” 

Many people might assume that the
growth of forests in the northern bore-
al forest is purely limited by tempera-
ture. After all, low winter temperatures
can easily reach -50°F and it is very
rarely thought to get as warm as 90°F
in the short summer. In permafrost-
dominated areas with a slow-growing
black spruce forest, the primary con-
trol of ecosystem dynamics is a combi-
nation of air and soil temperature. Air
temperature will limit the length of the
growing season and soil temperature
will limit nutrient mineralization
dynamics. Due to the shallow active
layer depth (less than 1 meter) and the
amount of water present in the active
layer, moisture does not limit growth
in these sites. If you examine south-
facing slopes, permafrost may not be
present, the soils drain, and drought
conditions may develop during the
growing season. 

These ideas regarding the environ-
mental control of ecosystem function
in interior Alaska were tested using

two different approaches. The first
approach involved simple thinning,
fertilization, and a combined treat-
ment. The second was related to the
manipulation of precipitation inputs
into the forest ecosystem. 

The first experiment was developed
in a 70-year-old white spruce stand
(white spruce is the dominant com-
mercial species in interior Alaska).
Thinning, fertilization, and combined
treatments were used. Throughout the
45-year monitoring of these treat-
ments, it was found that both mois-
ture deficiencies and nutrient limita-
tions could reduce aboveground forest
tree growth on warmer sites in interior
Alaska. Soil moisture content meas-
ured at the treated sites indicated that
thinning resulted in an increase in soil
water. Thinning would reduce tree

moisture demands on the site result-
ing in greater moisture supply to the
remaining trees. Consequently, indi-
vidual aboveground tree growth
increased. Fertilization alone had little
effect on growth. The combination of
thinning and fertilization presented a
small number of years with increased
tree growth over the thinning treat-
ment. The principal conclusion from
this study was that soil moisture has a
major control over forest growth in
interior Alaska.

The second set of studies was
applied directly to the control of soil
moisture recharge from summer rain-
fall (Figure 1) or spring snowmelt
(Figure 2). Summer rainfall was
drained off of a replicate set of mid-
successional stands in both upland
and floodplain locations. This study
was carried out for 25 years and a sig-
nificant amount of mortality did not
occur due to treatment. The spring
snowmelt removal study was in place
for six years on sites adjacent to the
summer rainfall removal treatments.

Results of these studies were not
expected. On the upland sites, individ-

16 WESTERN FORESTER  ◆ JUNE/JULY/AUGUST 2016

Forest Production and the Importance of
Moisture Dynamics in Interior Alaska

PHOTO COURTESY OFJOHN YARIE  

Figure 1. A cover drains summer precipitation off a 10x15m forest area on a
white spruce/balsam poplar floodplain research site. Dams were placed uphill
of the trees to drain the water around the tree holes. The covers were
removed in the fall to allow snowfall on the ground, which did maintain
standard soil temperature dynamics and allow for soil moisture recharge
resulting from the melting snowpack.
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ual aboveground tree growth was
reduced by snowmelt removal, but not
by summer precipitation removal. So
we could have a summer with NO
rainfall and tree growth would not be
affected. However, when treatment
effects were viewed at the stand level,
both treatments (summer and spring
recharge removal) resulted in lower
total stand biomass growth. This result
could be tied to differences in mortali-
ty dynamics that would be included in
the stand-level numbers. 

On the floodplain sites, the oppo-
site trend was observed for individual
tree growth. Summer precipitation
removal reduced white spruce growth
while snowmelt removal had no signif-
icant effect. This difference could be
tied to a higher water table on the
floodplain sites due to high river levels
in conjunction with the spring
snowmelt dynamics in the watershed.
Neither treatment affected stand-level
biomass growth, so mortality between
the control and treated plots was the
same. 

Forest floor thickness and mass
were increased in all stands as a result
of rainfall exclusion. Also, soil respira-
tion, particularly in upland sites, was
reduced. This observation indicates
that rainfall is a key factor in the con-
trol of forest floor decomposition. 

Finally, we did see a change in root
distribution. The floodplain sites dis-
played an increase in root biomass
present in lower soil horizons com-
pared to the control plots in both the
summer and spring moisture recharge
treatments. On the upland sites, the
root movement to lower levels was
greater in the summer exclusion treat-
ment. The majority of the fine and
medium roots were observed in the
15-30 cm depth layer. The spring
recharge removal treatment showed a
movement into the 5-15 cm depth
layer. Since this experiment only lasted
for six years, it is anticipated that if this
study were extended, root movement
into lower layers would continue.
Overall, the results from these studies
indicate that changing precipitation
dynamics in the interior Alaska boreal
forest will have complex effects on the
functioning of forest ecosystems.

The key components tied to the
relationship between moisture
dynamics and ecosystem function are

the topographic location of the sites
(floodplain, upland, north slope, or
south slope), seasonal timing of pre-
cipitation events, and the interaction
of lengthening of the growing season,
seasonal timing of precipitation, and
changes in the seasonal timing of for-
est growth dynamics.

Future climate and
management implications

Based on climate projections for
Alaska, the results from the study in
interior Alaska can be applied to the
rest of the state. All regions simulated
in a Scenarios Network for Alaska +
Arctic Planning (SNAP) report predict-
ed that temperatures will increase
throughout Alaska and most of the
increases will occur in the winter
months. Precipitation is expected to
increase even though current records
are showing little gain in Alaska. In
fact, the Fairbanks area displayed
almost no snowfall for the months of
December, January, and February this
past winter (2015-2016).

The climate scenarios and resulting
tree growth are strongly suggesting
directions for future forest manage-
ment in interior Alaska. First, there is a
strong indication that tree spacing can
play a significant role in enhancing
tree growth. Management will need to

include adaptive planning techniques
that will suggest mid-rotation treat-
ments necessary to obtain the desired
product on time. Second, future cli-
mate predictions could be used to look
at species replacement trials. White
spruce seed may have to be collected
from populations much further south
(possibly from areas close to Prince
George, British Columbia). Finally,
unconventional species trials may
need to be developed. One idea might
involve testing of species like lodge-
pole pine or ponderosa pine.
Lodgepole pine trials have been set up
for the past 20 years and selection of
correct seed sources has resulted in
high survival and good growth.
Ponderosa pine is a species that can
handle the potential dryness of interi-
or Alaska but may have issues with day
length changes and potential winter
temperatures that will exist in the
future. ◆

John Yarie is a professor of Silviculture
with the Natural Resources
Management Department, School of
Natural Resources and Extension, at
the University of Alaska Fairbanks. He
can be reached at jayarie@alaska.edu.
He is an SAF member.
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Figure 2. Removal of winter snow pack off a 15x15m forest area on an upland
mixed hardwood/white spruce research site. Snow was removed with a
standard snow blower from the top of a plywood roof that was approximately
9 cm above the ground surface. Within a week all remaining snow had
evaporated. The cover was removed later in the spring to allow summer
precipitation to be the major source of soil moisture.
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Robert “Bob” Buckman
1927-2016

Robert “Bob” Buckman died peacefully at
age 88 in Corvallis, Ore. Bob was born in 1927
in Superior, Wisconsin, and grew up in
Spooner, Wisconsin. At age 17 he enlisted in
the U.S. Army and served as a lieutenant with
the Army of Occupation in Germany during
1946-47. He also served in the Korean War.

In 1950 Bob married Marie Eidenschink,
a marriage that lasted over 60 years until her
death in 2011. They had two daughters, two
sons, and six grandchildren. Bob studied
forestry at the University of Minnesota and
University of Michigan, where he earned a
PhD in forestry in 1959. In 1968-69 he spent
a year at Harvard earning a master’s degree
in public administration. 

Bob’s forestry career began in Grand
Rapids, Minnesota, in 1955 as a research
forester with the Lake States Forest
Experiment Station of the US Forest Service
(USFS). Bob moved to Washington, D.C., in
1965 where he served in a variety of staff
positions in forest research. Bob’s talent for
administration and leadership ultimately
propelled him into a career track that includ-
ed two separate assignments in the
Washington, D.C. offices of the Forest
Service. In 1971, he was reassigned as direc-
tor of the Pacific Northwest Forest and Range
Experiment Station. As director he empha-
sized research quality, for both basic and
applied research, along with collaboration
with user groups and with other research
organizations.

In 1976, Buckman was appointed Forest
Service Deputy Chief for Research. He was a
major contributor to the Forest and
Rangeland Renewable Resources Research
Act of 1978. The Forest History Society notes
that he “inspired a pro-active stance among
coalitions that led to increased cooperation
among the 60 forestry schools and colleges,
federal and state research programs, interna-
tional forest science groups, and public and
private land management organizations.”

Bob joined the College of Forestry at
Oregon State University shortly after his
retirement from the Forest Service in 1986.
He taught forest policy and international
forestry and guided several graduate stu-
dents until he retired again in 1995. During
this time he served as vice president and
president of IUFRO (1986-1990). 

Bob and Marie built their retirement
dream home in Corvallis, a home that was
open to relatives and friends from the world

over for the last 30 years. He was proud of
the wide variety of rhododendrons he care-
fully nurtured in the yard. Bob also became
an avid researcher of family genealogy,
resulting in a family document as well as
numerous trips to visit newly discovered rel-
atives in the US and northern Europe. His
stays in D.C. cultivated a lifelong interest in
the Civil War and American history. Bob was
an avid hunter and fisher wherever he
called home. 

Bob was recipient of a number of awards
in recognition of his contributions to
forestry, including SAF Fellow, Fellow in the
American Association for the Advancement
of Science, and Honorary Member of IUFRO.

Bob is survived by his children, Mary
Buckman and Patricia Cirello, both of
Corvallis, Robert Buckman of Newport, and
John Buckman (Pam) of Pendleton.

John Poppino
1931-2016

John Harlan Poppino passed away April
14, 2016, surrounded by his family, after a
head injury from a fall in the family woods.
John was born June 21, 1931, at his grand-
mother’s house in Portland, Ore. He grew up
in Portland and Estacada, and graduated
from Estacada High School. 

While in the U.S. Air Force in Rockville,
Ind., John met his wife of 62 years, Mary
Ruth Harpold, when she poured him a cup
of coffee at The Candy Kitchen. They were
married January 29, 1954. They returned to
Oregon and he graduated from Oregon
State College with a forestry degree. 

John’s legacy lives on in the many lives he
touched. One of his favorite sayings was,
“Anything worth doing, is worth doing well.”
He was a role model for putting his values
into action and gave his time to many causes
he cared about. He was actively involved in
St. Paul’s United Methodist Church and the
Beaver Chapter of the Model A Ford Club of
America. He was an ardent OSU Extension
supporter, SAF Fellow, one of the original
master woodland managers, a member of
the US Forest Service Old Smokeys, and a
founding member of Forests Forever. In
Oregon Small Woodlands Association, he
served as interim executive director and
president. John and Mary were honored
twice as OSWA’s Tree Farmers of the Year. 

John is survived by his wife, Mary; chil-
dren, Robin (husband, Ray Kuntz), Teri and
Bruce (wife, Linda); six grandchildren; and
six great-grandchildren. 

Wesley Rickard
1932-2016

Wes Rickard, 84, passed away at his
Edgewood, Wash., home May 11 surround-
ed by his family. Rickard was born in

Syracuse, New York, in 1924. He graduated
from high school there in 1949 then
enrolled in the New York State College of
Forestry at Syracuse University. Rickard
tabled his studies in 1951 and enlisted in the
U.S. Marine Corps. He served in a combat
unit in Korea. He returned to Syracuse in
late 1953, completed his undergraduate
degree in forestry, and then transferred to
Michigan State where he earned a Master’s
Degree in forest economics.  

Before launching his own forestry busi-
ness in 1968, he served as Weyerhaeuser’s
first forest economist and led a small team
that pioneered what the company’s public
relations department later termed high yield
forestry. “Initially, we had called it Fir Target
Forestry,” Rickard said in an interview sever-
al years ago. “We all liked the name, but the
public relations folks had other ideas.”
During the “invention” phase, which was
rooted in regulated forest management con-
cepts developed in Europe, Rickard and his
colleague, Phil Woolwine, worked closely
with George Staebler, Weyerhaeuser’s direc-
tor of Forestry Research, Bill Lawrence, the
company’s director of Environmental
Science, and Harry Morgan, Jr., Weyer-
haeuser’s vice president of Timberlands. 

Rickard seemed to have been picked for
the assignment because he had previously
helped work out a set of Douglas-fir growth
and yield tables while employed by the US
Forest Service’s Pacific Northwest Research
Station at Corvallis, Ore. 

Rickard started his forestry consulting
business in 1968, and became an expert wit-
ness in some of the most celebrated forestry
legal victories in contemporary history,
including Tacoma-based Murray Pacific’s
1978 lawsuit against the now defunct St.
Regis Paper Company. Rickard’s reputation,
and his penchant for meticulous research,
led to his becoming an expert witness in
dozens of trials involving Indian tribes that
were suing the federal government alleging
mismanagement of their timberlands. 

Apart from work, Rickard’s primary
devotions were his faith and his family. He
was a loving, attentive father who truly
treasured time spent with his children,
grandchildren, and the extended family that
grew over the years. He was a devoted
member of the Church of Joy in Edgewood
for over 20 years and served as their treasur-
er. He continued in service as an usher
almost until his passing. 

Rickard is survived by his children: Julia
(husband, Jim) Petersen of Dalton Gardens,
Idaho; Adam Rickard of Portland, Ore.;
Jennifer (husband, Aaron) Carlsson of Palm
Desert, Calif., and Angela (husband, Nate)
Walters of Edgewood, Wash.; and eight
grandchildren, the last born the day before
his passing. ◆

We Remember



Environmental Forensics—Site
Characterization and Remediation,
July 26-27, Bellevue, WA. Contact: NWETC.

Wetlands Delineation, Aug. 9-10,
Kirkland, WA. Contact: NWETC.

Forest and Range Owners Field
Day, Aug. 20 in Sequim, WA, and Aug. 27
in Snoqualmie, WA. Contact: North Puget
Sound Extension Forestry, 425-357-6017,
lauren.grand@wsu.edu.

ArcGIS 10: Geoprocessing—
Advanced Techniques for
Environmental Applications, Aug. 30-
Sept. 1 in Olympia, WA, or Oct. 17-19 in
Seattle, WA. Contact: NWETC.

The Effects of Forest Management
on Fish Habitat: Science,
Fundamentals, and Best
Management Practices, Sept. 8,
Vancouver, WA. Contact: WFCA.

COFE annual meeting, Sept. 19-21,
Vancouver, BC, Canada. Contact:
http://cofe.org/.

Forest Products Forum, Sept. 20,
Portland, OR. Contact: David Battaglia,
978-496-6338, dbattaglia@getfea.org,
www.getfea.com/FPF2016.

Who Will Own the Forest? 12,
Sept. 20-22, Portland, OR. Contact: Sara Wu,
swu@worldforestry.org, www.wwotf.org.

PNW Reforestation Council annual
meeting, Oct. 4, Vancouver, WA. Contact:
WFCA.

SAF and Intertribal Timber
Council Conference: Partnership
Opportunities with Indian Forestry:
A Tribal Perspective, Oct. 5-7, Northern
Quest Casino, Spokane, WA. Contact: Lori
Rasor, 503-224-8046, rasor@safnwo.org.

Scaling for Non-Scalers, Oct. 12,
Springfield, OR. Contact: WFCA.

Pacific Salmonids: Ecology and
Spawning Habitat Restoration
(Courses 1 and 2), Oct. 17-21, Kirkland,
WA. Contact: NWETC.

SAF Job Fair, Oct. 18, OSU Campus,
Corvallis, OR. Contact: Brooke Clair, 541-
737-1593, brooke.clair@oregonstate.edu.

CESCL: Certified Erosion and
Sediment Control Lead Training,
Oct. 18-19, Port Orchard, WA. Contact:
NWETC.

Alaska Forest Association—59th
Annual Convention, Oct. 19-21,
Anchorage, AK. Contact: 907-225-6114,
afa@akforest.org, www.akforest.org/
events.htm.

Emerging Contaminants Workshop,
Oct. 20, Anchorage, AK. Contact: NWETC.

National Environmental Policy Act
(NEPA): Writing the Perfect
EA/FONSI or EIS, Oct. 25-26 in
Anchorage, AK, or Dec. 13-14 in Tigard, OR.
Contact: NEWTC.

Advanced NEPA—Taking the
National Environmental Policy Act
to the Next Level, Oct. 27 in
Anchorage, AK, or Dec. 15 in Tigard, OR.
Contact: NWETC.

Habitat Site Restoration, Nov. 2-3,
Anchorage, AK. Contact: NWETC.

SAF National Convention, Nov. 2-6,
Madison, WI. Contact: 866-897-8720,
membership@safnet.org, www.xcdsys-
tem.com/safconference/website/.

Visualizing and Analyzing
Environmental Data with R, Dec. 7-8,
Tigard, OR. Contact: NWETC.

ArcGIS 10: An Introduction to
Environmental Applications, Dec. 13-
15, Bellingham, WA. Contact: NWETC.

OSAF/WSSAF Leadership
Conference, Feb. 3-4, 2017, Oregon
Garden Resort, Silverton, Ore. Contact: Lori
Rasor, 503-224-8046, rasor@safnwo.org.

Oregon SAF annual meeting,
April 27-29, Tigard Embassy Suites, Tigard,
Ore. Contact: Bob Deal, 503-808-2015,
rdeal@fs.fed.us.
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Calendar of Events

Contact Information
NWETC: Northwest Environmental
Training Center, 1445 NW Mall St., Suite
4, Issaquah, WA 98027, 425-270-3274,
https://nwetc.org.

WFCA: Western Forestry and
Conservation Association, 4033 SW
Canyon Rd., Portland, OR 97221, 503-
226-4562, lisa@westernforestry.org,
www.westernforestry.org.

Send calendar items to the editor at
rasor@safnwo.org.
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BY DANNY NORLANDER

ater resource
conflicts exist

in any water-related
environment, from
human conflicts over
water availability and
allocation all the way
down to a cellular
level with differing osmotic potentials
affecting cellular function. When short-
or long-term changes occur in a sys-
tem it takes time to adjust to the new
state. With drought, many species-spe-
cific adaptations exist that enhance or
detract from the ability to cope with
decreased water availability. Managing
for the future becomes more compli-
cated as managers need to match the
site characteristics, future climate vari-
ables, and tree species adaptations to
maintain a health stand.  

Following is a short review of differ-
ences between climate, weather, and
where drought falls in this spectrum.
Climate is the long-term average of the
weather for a specific location over a
long time period (i.e., centuries).
Weather is the atmospheric condition
at a given point in space and time.
Droughts, or the opposing wet peri-
ods, are climatic anomalies that fall
somewhere in the middle of the long-
to short-term climate-weather spec-
trum. I was once told that climate
equates to the clothes you have in
your closet and the weather to what
you wear each day. So what if you can-
not change your clothes? This is the
predicament that trees find them-
selves in. 

Trees can adjust to seasonal differ-
ences and we see this in fall leaf drop,
spring flush of foliage, and hardening-
off to protect from freezing tempera-
tures. These are often responses trig-
gered by time of year, day length, or
average temperatures. As the weather
changes from year to year, trees can be
adversely impacted as the dynamic
environment changes in their static
location.

Plants in general pull water from

the soil reservoir, passively move it
through their stems and then release it
into the atmosphere through stomata
on their foliage. This bulk movement
of water relies on the vapor pressure
deficit (VPD) on the surface of the
foliage. As temperature, air movement,
or relative humidity change, the differ-
ence between the inside of the leaf
and the external air either increases or
decreases. The result of this change
drives the plant’s reaction to the envi-
ronment, effectively changing its
clothes. When the VPD increases to a
point that puts excessive stress on the
plant’s ability to move water, the stom-
ata closes, effectively cutting off mois-
ture transport from soil to air. 

Through time (eons, epochs, really
large time scales) trees have evolved to
specific climates. This is why we see
shore pine on the coastal strip,
Douglas-fir throughout the coast
range, various alpine species at tim-
berline, and juniper in central Oregon.
Plants have evolved to deal with the
intricacies of their climates in different
ways. This can take the form of specif-
ic adaptations including different pho-
tosynthesis pathways or a change in
the way a plant mitigates the increased
water stress placed on it during dry
times. The latter includes traits associ-
ated with hydraulic conditions like iso-
hydric and anisohydric tendencies,
and resistance to cellular embolism
that can hinder water transport.

The degree to which plants are iso-
hydric or anisohyric determines the
amount of tension that is placed on the
soil-plant-atmosphere continuum
(SPAC). The SPAC is the connected col-
umn of water that reaches from the soil
reservoir through the plant and into the
air through the stomata in the foliage. If
too much tension is placed on that col-
umn it can snap, creating an embolism
in the plant tissue (a cavitation) and the
loss of the ability to transport water in
that portion of the stem.  

Isohydric plants attempt to main-
tain a fairly consistent level of internal
water stress to limit the amount of
cavitation that occurs, thus preserving
the ability to conduct water through

Welcome new members!
March 15-May 1, 2016
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this list of new
members and get
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SAF colleagues. 
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the stem. This is an advantage in envi-
ronments where a wide range of mois-
ture regimes dominate or where there
is difficulty in refilling embolized cells
(i.e., if you are a tall tree). Water ten-
sion levels inside trees are largely
accomplished through stomatal con-
trol incorporating various processes
related to transpiration and water
potentials from the roots to the cells
that are the transition from leaf to
atmosphere. Most trees fall toward the
isohydric side of the spectrum.

On the other hand, anisohydric
plants leave their stomata open in a
much wider range of moisture condi-
tions. They risk cellular cavitation but
are able to maintain gas exchange and
the ability to photosynthesize in a
broader environmental range. There
are some distinct tree species that are
anisohydric like juniper, alder, and
aspen—species that grow in fairly dif-
ferent ecotypes.

Is one method of water stress regu-
lation better than another? The short-
est answer is: “it depends.” While that
may not be satisfying to read, there are
tradeoffs to both systems, and we can
even add in a third type: some species
are isohydrodynamic (they maintain a
water potential relative to that of the
soil reservoir as it changes seasonally). 

On one hand, isohydric plants are
able to maintain the moisture in their
systems so they do not have to spend
valuable moisture and time refilling
the water column or cavitated cells.
With closed stomata, trees are not able
to exchange gasses with the atmos-
phere, a necessity for photosynthesis,
while respiration continues to utilize
the non-structural carbon stores. If
drought conditions persist for longer
periods, isohydric trees begin to expe-
rience carbon starvation. They simply
start to run out of carbon for the respi-
ration process needed for growth.
When isohydric trees experience a
short-term water stress event, they are
less prone to loss of effective water
transport. Anisohyrdic trees, on the
other hand, will maintain their carbon
levels via photosynthesis through a
larger range of environmental condi-
tions, but in the case of short-term
droughts (weeks or a season) or peri-
ods with high transpiration demand,
they can have excessive cavitation
leading to mortality.

An example of the differences
between the two modes was seen in
the piñon-juniper woodlands in New
Mexico during the summer of 2013.
Following several years of drought
conditions, all the trees were under
stress. There were abnormally high
levels of juniper (an anisohydric
species) mortality being observed with
no biotic agents involved, while the
piñon (an isohyrdric species) were still
green and alive in the same locations.
As the year progressed, the monsoons
began and trees began to recover.
Some of the piñons still died, but not
on the same scale as the juniper.

Management implications

Neither of the above species are
managed in the Pacific Northwest
(except for removal of juniper), so
what are the management implica-
tions of a tree’s physiological response
to water stress? 

Multiyear droughts place increased
stress on trees and reduce their photo-
synthetic ability (why we see reduced
radial growth in dry years), which also
puts a greater strain on non-structural
carbon used in part to defend against
biotic agents like bark beetles and
decay fungi. Current shifting climates
will move ecosystems to higher stress
states, potentially resulting in increas-
ing mortality events. No matter how a
species has adapted to drought,
longer, hotter, and drier conditions
become more costly on an individual
level that will ripple out to the larger
population.

Careful consideration of the site is
important when attempting to miti-
gate drought impacts. Throughout
much of the more visibly impacted
areas, trees growing on more marginal
sites exhibit more damage, including
areas in the Willamette Valley that
have a high clay proportion in the soil,
on shallower, rocky slopes, and on the
edges of stands. These environments

have characteristics that limit available
soil moisture or increase the transpira-
tion demands on trees. In some cases,
sites where trees have done reasonably
well in the past may not be appropri-
ate for future plantings or may need a
management shift to a different
species that is more drought tolerant.

When resources become scarce,
reducing competition on the trees can
help in dry times. Examples include
reducing the stocking level or reducing
competing vegetation. Trees, brush,
and grasses all contribute to a
decrease in soil moisture and in turn a
lower availability for the standing
trees. Fertilization has a similar effect
where the tree will increase the above-
ground biomass disproportionately to
the roots. The result is that roots are
unable to support the demands of the
rest of the tree, which has the same
effect as decreasing the water supply.
In isohydric species this unbalance
increases the relative strain on stored
carbon in the roots and can lead to
more rapid carbon starvation.

With increasing climatic variability,
it is even more important to build
resilience into forests. Some foresters
favor assisted migration, others argue
that short rotations will allow individ-
uals to adapt to new local conditions.
On the whole, managing for drought is
largely dictated by the end goals.
Managers with longer rotation time
frames will inherently be impacted
more than those on a shorter cycle.
However, uncertainties in future cli-
mates make it difficult to determine
the best approach. ◆

Danny Norlander is the Forest Health
Survey and Monitoring specialist with
the Private Forest Division, Oregon
Department of Forestry in Salem, Ore.
He can be reached at 503-945-7395 or
danny.norlander@oregon.gov.
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Editor’s Note: To keep SAF members
informed of state society policy activities,
Policy Scoreboard is a regular feature in the
Western Forester. The intent is to provide a
brief explanation of the policy activity—you
are encouraged to follow up with the listed
contact person for detailed information.

OSAF Submits Comment Letter
on BLM Western Oregon EIS and
RMP. OSAF has drafted a comment let-
ter that was sent to the BLM on its final
EIS and proposed Resource Manage-
ment Plan (RMP) for the western
Oregon O&C Lands. The letter is not a
formal protest in the RMP update
process but it emphasizes that many
concerns raised by OSAF in its initial
comments on the draft EIS (submitted
August 2015) persist in the proposed
RMP. Thus, the OSAF letter continues to
stress the need for and value of active

and flexible management to achieve
diverse resource objectives, versus fixed
land allocations where management is
greatly and indefinitely restricted.
Similarly, OSAF remains concerned
about the overly prescriptive nature of
the proposed RMP, whereby forestry
professionals are unduly restricted in
applying their local expertise and expe-
rience to manage unique and diverse
landscapes and site conditions. A more
specific, related issue is the major
restriction on post-disturbance (wild-
fire, etc.) salvage harvesting in reserve
areas, despite the loss of original envi-
ronmental features and functions and
the questionable restoration of such
benefits where management continues
to be highly limited. Contact: Paul
Adams, OSAF Policy chair, adamspaulw@
gmail.com. 

Updates of OSAF Old-growth
Position Statement and Position
Booklet Completed. OSAF has a
newly updated position on “Managing
Mature and Old-growth Forests” (see
www.forestry.org/oregon/policy/posi-
tion/). Old-growth forests remain an

important issue for state and federal
forestlands where interest in diameter-,
age- and location-based harvest restric-
tions persists. OSAF continues to advo-
cate for active management to achieve
diverse benefits from older forests, ver-
sus inflexible directives that limit the
effective application of local profession-
al expertise and experience. Some
newer issues and concepts that the new
position incorporates include the need
for active management to address the
effects of climate change on older
forests, and the use of percentage tar-
gets for various successional stages of
forests (versus fixed locations) that bet-
ter mimic natural landscape patterns
and changes.

OSAF now has nine active position
statements on important forestry
issues, and members are encouraged to
review these statements and use them
to articulate a professional perspective
when discussing forest resource issues
with people outside the profession. The
nine current positions, along with back-
ground information about SAF and
OSAF, have been compiled in an updat-
ed PDF that has been formatted for
printing as a booklet or for electronic
sharing. It is available at the URL listed
earlier. Contact: Paul Adams, OSAF
Policy chair, adamspaulw@gmail.com.

OSAF Considers Position
Statement on Forestry
Professionals as Stakeholders.
Public agencies and other groups often
seek input and advice from stakehold-
ers as they evaluate forest resource
issues and develop related policies and
management plans. Forestry profes-
sionals sometimes are among these
participants through their affiliation
with commonly recognized stakeholder
groups (e.g., industry, landowners).
However, a professional perspective
independent of employer or client
interests can provide more complete
and candid input about important for-
est issues. In addition, such input pro-
vides a vital voice for a key group that
must deal directly with policies and
plans that often are shaped without the
unique, independent insights of the
professional forestry community. OSAF
thus is considering a new position
statement to call attention to the need
for decision makers to more consistent-
ly tap valuable professional forestry
expertise and experience as they seek
stakeholder input on forest resource
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issues. The statement is expected to be
relative straightforward and brief, and
draw from an existing document that is
available at www.forestry.org/north-
west/policyhottopics/. Contact: Paul
Adams, OSAF Policy chair, adamspaulw@
gmail.com.

Good Neighbor Authority Master
Agreement Signed in Idaho (see
http://wflccenter.org/good-neighbor-
authority-master-agreement-signed-in-
idaho/). The Idaho Department of Lands
(IDL) and the Forest Service’s Northern
and Intermountain regions have signed
a statewide Good Neighbor Authority
(GNA) Master Agreement aimed at
improving forest health, reducing the
occurrence and severity of wildfires, and
creating more economic opportunity.
“This master agreement provides the
authority for all the national forests
within Idaho to enter into local agree-
ments with IDL to implement projects
on the ground,” US Forest Service
Northern Region, Regional Forester
Leanne Marten said. IDL will sell the
timber and administer the first project
this fall on the Nez Perce-Clearwater
National Forest. Excess revenues from
the project will be held in a dedicated
account to do more work on federal
lands in future projects in cooperation
with the Forest. “The goal of Good
Neighbor Authority in Idaho is to
increase the pace and scale of forest and
watershed restoration activities on feder-
al forests,” Intermountain Regional
Forester Nora Rasure said. “These coop-
erative efforts can help improve forest
health, reduce fuels and threats to com-
munities and watersheds from cata-
strophic wildfires, and create more jobs
and economic benefits.” State Forester
Groeschl agreed. “Successful implemen-
tation of GNA in Idaho will require a
focused and committed effort from all
partners over the next several years to
achieve these benefits.” Contact: Dennis
Becker, drbecker@uidaho.edu.

Senate Energy Bill Passes. On
April 20, the US Senate overwhelmingly
passed the Energy Policy Modernization
Act of 2016 (S. 2012). This piece of bipar-
tisan legislation, crafted by Chairwoman
Lisa Murkowski (R-AK) and Ranking
Member Maria Cantwell (D-WA) of
the Energy and Natural Resources
Committee, is the first comprehensive
energy bill passed since 2007. The bill
reflects significant changes seen by the

US energy sector in the past decade with
the boom in domestic oil and natural gas
production and renewable energy
advancements. Notable provisions
included within the wide-ranging ener-
gy bill include: (1) directing federal
agencies to establish consistent policies
that recognize electricity generated by
biomass as renewable and carbon-neu-
tral; (2) permanently reauthorizing the
Land Water Conservation Fund; and (3)
the next step will be to reconcile this
bill with the House version passed last
December. Leaders from both cham-
bers expressed optimism that House
and Senate negotiators will agree to a
compromise bill and secure President
Obama’s signature. Contact: Dennis
Becker, drbecker@uidaho.edu.

Timber Innovation Act (S. 2892).
This act introduced in the Senate focus-
es on supporting research and develop-
ment and implementing innovative
ways to use wood in the construction of
buildings with seven or more stories.
Led by Senators Debbie Stabenow (D-
MI) and Mike Crapo (R-ID), original co-
sponsors of this bipartisan bill include
Senators Amy Klobuchar (D-MN), Steve
Daines (R-MT), and Maria Cantwell (D-
WA). The bill is supported by SAF,
American Forest Foundation, American
Wood Council, and more than 75 other
stakeholders. The purposes are to:
establish performance-driven research
and development program for advanc-
ing tall wood building construction in
the United States; authorize the Tall

Wood Building Prize Competition
through the USDA annually for the next
five years; create federal grants to sup-
port state, local, university, and private
sector education, outreach, research
and development, including education
and assistance for architects and
builders, that will accelerate the use of
wood in tall buildings; and authorize
technical assistance for USDA, in coop-
eration with state foresters and state
extension directors (or equivalent state
officials), to implement a program of
education and technical assistance for
mass timber applications. Contact:
Dennis Becker, drbecker@uidaho.edu.

Federal Appropriations. With the
release of the Administration’s final budg-
et request in February, the FY 2017
appropriations process is underway.
Congress and the President have until
September 30, 2016, to enact 2017 spend-
ing legislation. The Administration, in the
FY 2017 USDA Forest Service (Forest
Service) Budget Justification, is request-
ing a top line spending level of $4.9 bil-
lion for the agency. This is a decrease
from FY 2016 enacted—approximately
$5.7 billion—in large part due to the
boost in funding that the Forest Service
received as part of the Consolidated
Appropriations Act, 2016 (P.L. 114-
113)(omnibus) for wildfire suppression
funding. For more information, contact
Kelsey Delaney, 303-893-0327,
kdelaney@westernforesters.org. ◆
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