The Forest Sector in a Climate-Changed Environment-A Briefing

Paper

March, 2010

Eric M. White, Ralph J. Alig, and Robert G. Haight

Eric M. White is faculty research associgiepartment of Forest Engineering,
Resources and Management, College of Forestry,c@r8tate University, 204 Peavy
Hall, Corvallis, OR 97331Ralph J. Alig is research forester, Pacific Northwest
Research Station, USDA Forest Service, 3200 SVéi3efih Way, Corvallis, OR 97331;
Robert G. Haight is research forester, Northern Research Stati®@QAJForest Service,

1992 Folwell Ave, St. Paul, MN 55108.



Summary

Across the globe and in the U.S., it is anticipateat forest resources in rural and urban
settings will be affected by climate-change induirepacts to forest growing conditions,
including CQ fertilization and disturbance regimes. These chranfprest conditions are
projected to trace through to changes in manageragirthes, production practices, and,
potentially, the uses of timberlands within thee&irproducts sector. In this paper, we
report the results of studies that have used ecanmmdels to trace changes in forest
growth as result of climate change to changes lmawier within the forest products
sector. We also provide a discussion of the impaeaof urban forests, some potential
impacts to urban forests from increased disturbasaesult of climate change, and

associated research needs.

In the studies considered here (and in the curegdrts from the Intergovernmental
Panel on Climate Change), forest productivity, globand across the U.S., is projected
to increase in aggregate under climate chang@elttS., growth increases are projected
to be fairly small (e.g., 1 to 3 percent per decadaive to the baseline), with increases
generally projected for the North and West region®ost climate scenarios. Forest
growth in the South is projected to decline in salelimate scenarios because of
projected limited water availability in an increddemperature environment. Although
growth is projected to increase in aggregate, diebéexisting trees, increased
disturbance in the U.S. South and West, and ghitise location of some forest types are

also projected to in many studies.



Under climate change, and when forest yields irsggimber harvest rotations in the
U.S. are projected to increase slightly in the cagrdecades compared to baseline
projections. When forest yields decrease, such peojected in some scenarios for the
southern U.S., timber rotations are projected twtsin. Timber rotations may also
shorten if producers become concerned that thdrosk dieback or disturbance is too
great. Concurrent to an increase in timber rotagogth, timber harvest volumes are
projected to increase in aggregate. Globally, tieatgst increases are projected for the
lower Mid-latitude forests. In the U.S., slight ieases in timber harvest are projected in
most regions, with the West projected to have tleatgst increases in one study. Under a
lower emissions/lower temperature scenario consdlgr one study, timber harvests
were reduced in the U.S. South. Harvests in Caaszlprojected to decline under
climate change. One study projected a generalaseren sawtimber production in the

U.S. but a decline in pulpwood production undemelie change.

As result of increased supply, timber prices amsgiently projected to decline in the
models considered here. Global prices are projeotéécline by up to 3 percent relative
to baseline projection in the coming decades. Thatgst price reductions in the coming
decades were projected for Scandinavia and thdeshptice declines were projected for
Canada. For the U.S., price declines were not faartiffer between regions in the
existing models. Increased dieback because of ®ictaange had some impact on

projected price changes, but did not change theativelationship.



There are important uncertainties to consider whesrpreting the results of existing
studies of climate change impacts on the foregbseaacluding the potential for
increased dieback and the capacity of the privatest landowners to respond optimally
to changing climate. Increased dieback from clincai@nge is explicitly modeled in only
one of the existing studies. The extent to whigmate change will increase dieback and
disturbance is largely unknown, although a numlbatwdies now project increased
levels of wildfire and insects and disease outlsealder climate change. To some
extent, increased dieback and disturbance is litcebe mitigated or adapted to in future
forest management actions. A significant increasdieback and disturbance relative to
historic patterns could yield changes in the fopestiucts sector that differ from current
model projections. Additional research efforts ttpaaintify how increased dieback and

disturbance will affect the forest products seetk help to address this uncertainty.

The U.S. timber industry is experiencing a genexdliction in capacity (e.g., milling
infrastructure), a move away from vertically-intatgd companies (i.e., a forest product
company owns the mill as well as the timberland tmusiness model where timber is
obtained from lands owned by other corporations@ndte entities, and production is
regionally concentrated. Additionally, the proportiof forestland owned by non-
industrial forest landowners, including those wiftero have no forest management plan
and objectives other than timber production, iseasing. The degree to which product
producers and timberland owners are positionegtionally respond to changing forest
conditions is somewhat in doubt. The present saoaif the timber producers and land

ownership could lead to changes in the forest séiim climate change that are not



consistent with the projections reported here. Hmrestrategies developed by land
agencies and conservation organizations that réoegimese challenges may improve the

mitigation and adaptation behavior of the timberducers and landowners.

Approximately 80 percent of the U.S. populatioregvn urban areas and the urban forest
is estimated to encompass some 3.8 billion treesesTprovide a number of ecological
services to urban ecosystems and cultural berefitsban residents. Trees have
regularly been found to increase the values otieggtial properties. Recent outbreaks of
insects and diseases, as well as other disturbamaes been costly and damaging to
urban forests in many locations. A primary conderrthe future is the potential for
climate change to increase the frequency and sgwdriisturbance to urban forests.
Between 2009 and 2018, treatment in the easternfar.he emerald ash borer, an
invasive beetle that has damaged extensive urlyastfareas, is projected to cost more

than $1 billion.

There are a number of opportunities for additioeakarch examining how climate
change might influence the forest sector. Firstjatild be useful to update the existing
studies using the most recent climate expectaiodseconomic models. Second, global
trade is an important factor in the forest sectat additional research that better captures
the recent dynamics of global forest products traillebe useful. Finally, it appears
increasingly likely that the U.S. will pursue soadditional climate policies that may
affect the forest sector. Additional research tarexe how the forest sector responds to

concurrent changes in climate conditions, adaptaiions, and comprehensive climate



policies (e.g., a carbon cap and trade systenmeased demand for woody biomass for
biofuels) will help to provide more comprehensivejpctions of the future forest

products sector.
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Introduction

Policies adopted to address climate change willémfce the extent, composition, and
management of future forests. At the same timeolsyps causing forest changes,
climate change itself is expected to yield charigevironmental conditions,
influencing the characteristics and growth of ftses rural and urban settings. In
response to changes in forest productivity, tingyveducers will likely change
management regimes, production practices, andniallg, the uses of timberlands.
Similarly, climate-induced changes in composition &ealth of urban forests may
change the service flows that urban residentswvedeom those forests. The effects of
climate policies on the potential future conditiafgorests are discussed in other reports.
The focus of this paper is how the forest sectoy afenge in response to future altered
climate conditions. To accomplish this, we relyaonumber of U.S. studies, including
those that utilize economic models to trace chamgésrest conditions to responses in

forest sector markets and timber production.

A number of studies have focused on changes irgwall processes in forested
ecosystems as result of an altered climate (eagceJ1995, Joyce and Birdsey 2000,
Iverson et al. 2008, Latta et al. 2010). Econortudigs, including the ones discussed in
this paper, extend that ecological research byi@iplincluding human activities (e.g.,
the demand for forest products by consumers, theedt® live in amenity-rich settings)

in analyses of projected future forest conditiond Endscapes. In the U.S., especially on

private lands, landscape conditions reflect huntivities (e.g., land-use change), forest



management (e.g., silviculture systems), and tiheadels for products (e.g., timber) and
services (e.g., recreation opportunities) from redtenvironments. The models described
in this briefing paper focus on land-use changesluing forests, forest management
activities, and the demand for timber products. iimgacts of climate change on other
forest products and services, such as recreatiparamities, have been discussed to a

limited extent elsewhere (e.g., Irland et al. 2001)

The next section briefly describes the observeaigbsiin climate and projections of
future climate conditions as identified by the thuassessment report of the
Intergovernmental Panel on Climate Change (IPC@}her description of these
expectations are available in IPCC reports (Fielal.e2007, IPCC 2007) and a short
briefing paper for policy makers developed by te&v”Center (Pew Center 2007). We
then briefly discuss the projected changes to fefesm changes in climate conditions.
Although the literature on this subject is extersand at times contradictory, we present
a brief summary and rely on others (e.g. JoyceBardsey 2000, Field et al. 2007) to
give this topic more comprehensive treatment. N&gtdescribe the approaches that
economists have adopted to trace expected chamde®st growth through to impacts
on the forest sector, including on forest managentailowing that, we discuss the
factors believed to be important in influencinguite timber availability, relying often on
the inputs to the forest sector studies includetiimsynthesis. Following that, we
describe the modeled impacts on timber producpdnges, forest management, and other
factors as estimated from the existing models. Ne&tdescribe the projected welfare

impacts to wood product consumers and timber prexduas result of climate change. In



the penultimate section we examine some of thefiiemeceived by society from urban
forests and potential impacts of global changehosé forests. Finally, we close with a
number of conclusions drawn from the models comsitlbere and several opportunities

for future research.

Observed Climate Changes and Projections for the Rure

One challenge to projecting future forest condgi®ithe uncertainty surrounding future
climate. Published summaries of work being complétethe IPCC indicate that
warming of the planet is now “unequivocal” (IPCQ0ZQ Pew Center 2007). Between
1955 and 2005, temperatures in North America irs@édanoderately, with the increases
becoming greater as one moves northwestward frenStlutheast, towards Alaska and
northwestern Canada (Field et al. 2007). Whethsrniarming is currently yielding
changes in natural systems is less certain, wipeopinions indicating even likelihood
and unlikelihood that some impacts of climate cleaog natural systems are now
beginning to emerge. Looking forward, the IPCC ¢@scluded that average global
temperature increases over thé 2éntury are expected to range from 1.8 to 4.0edegr
centigrade (IPCC 2007, Pew Center 2007). In NortieAca, average temperature
increases are projected to be 1 to 3 degrees catidpy 2040, increasing to 2 to 3
degrees centigrade late in the century (Field.€2G07). For land areas, warming is
anticipated to be greatest over the high northeitubles. The IPCC has determined it is
“very likely” (> 90 percent probability) based owigence there will be an increase in the

frequency of hot extremes, heat waves, and heagigtation (IPCC 2007). Uncertainty



in these projections increases as anticipated btabalitions are downscaled to regional
conditions. The IPCC deemed it was “very likelyatiprecipitation will increase at high
latitudes and “likely” (> 66 percent probability) decrease in most subtropical regions.
Areas in the southern and southwestern U.S. argidened to be in the subtropical zone.
Precipitation in U.S. is projected to decreasénendouthwest but increase elsewhere
(Field et al. 2007). Further, the IPCC reports Fhagpnfidence” (80 percent agreement)
that areas such as the western U.S. will experiarderrease in water availability as a
result of climate change (Pew Center 2007). In sareas, such as the West,
precipitation may increasingly be in the form afreather than snow, decreasing
snowmelt water availability (Field et al. 2007).€Tturrent IPCC climate scenarios each
project continued increases in greenhouse gase&)@htluding CQ) over the next
several decades. However, GHG emissions in re@arsyhave been below projections

because of the global economic downturn.

Climate Change and Forest Impacts

At the most general, forest responses to climaaagh are expected to involve changes
in forest location, the combinations of forest sege@nd classes on the landscape (i.e.,
forest compositions), and growth rate and timbeldy{Shugart et al. 2003). These
expected changes result largely from climate-chamgigced changes in temperature,
precipitation, and atmospheric g@vels as well as a general lengthening of thevorg
season. Although these general relationships atg &&cepted, there remains a fair

amount of uncertainty about the forest conditionspecific regions likely to result from

10



climate change. Much of this uncertainty relatesdosystem complexity, the variety of
ecosystem conditions involved, and the ability @dsystems to adapt (including through
human intervention). In one example of uncertabdgause of complexity, there is a lack
of agreement on the extent to which increasesmosgpheric Cwill have a fertilizer
effect on plants (e.g., Norby et al. 2005, Reichle2006, Thornton et al. 2009,

McKinley et al. 2009). Some believe that while Emsed C@promotes plant growth,
over large areas limitations in other inputs taplgrowth (e.g., nitrogen or water
availability) may reduce these increases. For examgrogen is required for tissue
growth and, even in the presence of elevated @@ited nitrogen may limit increased

growth rates (e.g., Joyce 1995).

Uncertainty in ecosystem response also results fnemmange of environmental
conditions projected from the global circulationaets (GCMs) commonly relied on for
economic studies. Generally, however, tree phygybnd growth are expected to be
altered by increases in atmospheric,@@ncentration and changes in temperature and
water availability conditions (Field et al. 200How these changes interact with the
limiting factors and existing ecosystem processesliakages will differ by region. Over
large areas, it may take many decades for the itmpdéclimate changes on forests to be
evident. However, localized impacts (e.g., warmimgensitive alpine ecosystems) may

be evident much faster.

Bosworth et al. (2008) describe a number of unoeits related to how future forest

conditions may be influenced by climate changestFihere is potential for forest

11



condition changes to result in feedbacks that miigate or enhance forest changes. For
example, increased forest growth or migration oé$ts into areas largely nonforested
may reduce surface albedo—increasing the localiaathing that influenced initial
growth increases or migration (see Chapin et &22thd Thompson et al. 2009 for
discussions). Second, increases in ozone, whicll@amage tree leaves and slow growth,
may offset any increases in growth as result aeiased atmospheric GQvater
availability, or growing season. Third, the impatttat increased vigor of invasive weeds,
responding to improved growing conditions, may hanestand productivity is uncertain.
There is some evidence that invasive weeds, sitalaees, respond well initially to
increased levels of GZiska 2003). The items identified by Boswortlakt(2008) are

not explicitly incorporated in the economic studiesisidered here.

Conceptual Linkages between Climate Conditions anthe Forest Sector

To project how future climate conditions may impthet forest sector, economists must
link expected forest changes to the inputs andnpatiers used in forest sector economic
models. Conceptually, future climate change comlpdct both the existing timber stands
(the existing “stocks” of resources) as well asftliare incremental growth rates of
existing and new timber stands (the “flows”) (Soangnd Sedjo 2005). Mortality, as a
result of fire or insect disturbances or long-tetfmanges in environmental conditions,
may result in losses in the existing stocks ofstgeAt the same time, the “flows” of
future incremental growth in forest stands mayease or decrease as a result of the

changes in growing conditions (e.g., temperaturgipitation, CQ) from climate
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change. Impacts on the stocks and flows of foesturces, along with other factors such
as changing management practices, will combinéeid yhe future forest conditions.
Stated differently, climate change is expectedrpact current forests through magnified
disturbance regimes (e.qg., fire, insects, and dejeand future forests through changes in
growth rates, mortality rates, and seed produdboifuture forests (especially in
unmanaged stands) (Alig et al. 2004b). Combineskedtiactors will influence future

forest conditions and forest management activities.

Humans (as consumers) are connected to forestsgstems through the market (e.qg.,
timber) and non-market (e.g., recreation opporiesitproducts and services we receive
from forests. Changing forest conditions impactgtpply of timber available for use in
the production of wood products. Changes in supplyood products trace through into
short-term changes in the prices of wood prodadt®glse being equal. Increases in the
price of wood products may reduce the consumptfamomd products generally and the
substitution from some wood products (e.g. dimamditumber) to others (e.g.,
engineered wood products) or to non-wood prodwets,(steel 2X4s). Conversely,
declines in wood product price would likely incredbe consumption of wood products,
all else being equal, and possibly result in tHesstution of wood products for non-

wood products.

In addition to changes in the behavior of consurtfesresult from changing forest

conditions, producers of wood products and timbay change their practices in

response to changing forest conditions. Timber gpecets may alter their management

13



strategies to take advantage of changing growimglitons and timber markets. For
example, if incremental growth rates experienceagked increase, timber producers
may extend rotation lengths to take advantage ditiadal revenue from growth that
could be generated, net of forest management ddstsufacturers may alter the types of
products they produce in response to changes ifotast supply (e.g., a greater reliance
on producing dimension lumber relative to enginéaveod products or vice versa).
Over longer timeframes, the wood products sector change their timber processing
infrastructure and material handling systems ipoese to changes in the flow and

quality of supplied timber.

Model Operation

Two general approaches have been adopted to ex#meip®tential impacts of climate
change on the forest sector using economic modékésfirst general approach uses the
output of GCMs to inform changes to the forest dglorates (the flows) and forest extent
and disturbance (the stocks) used as inputs iradbromic model. Often an intermediate
model is used to translate the changing environaheohditions identified in the GCM

to changes in net primary productivity (or othergmaeters) that can be used to modify
inputs in the economic model (e.g., Joyce 199%R&arcia et al. 2002). In all the cases
described in this study, timber yields in the egoitomodel are modified to reflect the
changing growing conditions under climate change, (ihe flows) (e.g., Joyce 1995,

Alig et al. 2002, Perez-Garcia et al. 2002, SohrggahSedjo 2005, Sohngen et al. 2001,

Irland et al. 2001). A limited number of studievdalso changed input parameters for
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existing stocks to reflect dieback of existing skgas result of climate change (e.qg.,
Sohngen and Mendelsohn 1998, Sohngen et al. 20B&timing of the expected climate
conditions is important because most forest sestonomic models project conditions
for many decades into the future. Typically, in gedies considered here, the GCM has
been used to depict climate conditions mid-2éntury (e.g., 2065) in the equilibrium
that would result with atmospheric G& some projected future increased level (e.qg.,
625 parts per million, ppm) (Shugart et al. 20@3y., Mills and Haynes 1995, Sohngen
and Mendelsohn 1998, Perez-Garcia et al. 2002neat trend between now and those
estimated future conditions is then often usechpstito the intermediate model or as
direct changes in the growth and yield paramefefsnited number of studies have
estimated decadal conditions from GCMs as inputstecosystem model and economic

model (e.g., Irland et al. 2001).

The second approach to examining the impacts wiaté change on forests using
economic models is to utilize sensitivity analysither than explicit inputs from GCMs
or ecosystem models (e.g., McCarl et al. 2000)h&athan using the output of GCMs
and intermediate models to identify new valuedriputs and parameters under a
changed climate in the economic model, the seityitwalysis approach examines a
range of new values for model inputs and parametieles. The response to these
changes in inputs and parameters is then use@mifiglikely responses of the forest
sector to changes in forest characteristics sugjagth and yield. If the range of input
values considered is large enough, a sensitivid§yais approach is useful in that it can

provide “sideboards” on the likely future changeshe forest sector in response to
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climate change. The sensitivity approach is accodatiog to changing expectations on
forest growing conditions because a range of futoralitions have already been

simulated.

Anticipated Timber Availability Factors under Clima te Change

There are a number of factors that will influentoe &vailability of timber in a climate-
changed environment. Perhaps most recognized enti@pated changes in growth and
yield of timber (the flows described above) as ltesiiclimate change. However, several
other factors could impact the availability of tiexbincluding land-use changes, shifts in
species distribution shifts, dieback associatetl Wwéat, drought, and increased

disturbance, and land ownership patterns.

Changes in Growth and Yield

In the studies considered here, over broad geograpdas, climate change is anticipated
to increase the growth and yield of timber (e.dig &t al. 2004b, Sohngen et al. 2001,
Joyce 1995). In the study by Irland et al. (20@iiber growth in the U.S. was projected
to increase by 1 to 3 percent per decade relatitieet baseline projections under all the
scenarios considered. In their global analysisn§eh et al (2001) projected global

forest productivity increases of 29 and 38 percelattive to the baseline by 2145, for the
UIUC and Hamburg climate scenarios available atithe. The increases projected for
North America (17 percent) by 2145 were less tha@nglobal increase because the higher

latitudes are projected to suffer some lossesddumtivity from climate change. In
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addition to the productivity increase, Sohngenl f2901) project an increase in yield of
timber (accounting for shifts of productive southepecies northward) in North

America, of between 34 and 41 percent by 2145.2°@gecia et al. (2002) assume a
direct relationship between forest carbon and fquesductivity and they project forest
carbon increases in the West Coast U.S. of bet®eard 15 percent and from less than 2
to 10 percent in the East by 2040, with increasimgst carbon under higher GO
emissions/hotter temperature scenarios. In Perezidset al. (2002), softwoods were

projected to have a greater positive responseartat change than hardwoods.

Changes in growth and yield are projected to diffet).S. region, with the Northeast
generally projected to benefit. The South is prigiedo lose productivity under some
scenarios because of a combination of warmer teatyress but decreased water
availability. Alig et al. (2002) estimated that gith rates in the Northeast would
increase, such as 0.3 percent annually for oakdhychut growth rates would decline
across the South. Sohngen and Sedjo (2005) swafeatlth appears to be the most
“vulnerable region” in terms of forest growth ame forest sector because of climate
change. Additionally, those authors suggest trantirthern conifer forests and those in
the Mountain West are most susceptible to damagause of a changing growing

environment and increased disturbance.

Land-use changes

Most studies thus far have assumed that the tatal@f land in agriculture and the total
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area of land in forests will remain about the s@wven as climate changes. Although the
total area of land in agriculture and forestry nradeed remain relatively constant over
time, climate change could alter the distributidtend uses over time. Given that forest
areas could be affected and the potential humarsacidl consequences of these
impacts, it is important to consider and asses#tpécations of climate change on the

distribution of U.S. land uses.

Differential impacts of climate change in agricuétand forestry could lead to land-use
shifts as one possible adaptation strategy by Mndcs. For example, if climate change
results in relatively higher agricultural produdiyvper acre, some acres may be
converted from forests to agricultural use. Sucnges would alter the supply of
products to national and international marketsngiray the prices of forest products and
the economic well-being of both producers and coress. If climate change affects
yields and costs of production for forest stands agricultural crops, land could shift
between forestry and agricultural uses as theseséwetors adjust to climate changes.
Given that the agricultural and forestry sectoraestmes compete for the same land,
thus shifts in productivity of agricultural landwdd affect the ultimate distribution of

forestland, and vice versa.

Using four climate change scenarios from the natiassessment of climate change,
Alig et al. (2002) found that less forested area yajected under four climate scenarios
relative to the base case (no climate change)h&urtore, less cropland and more

pasture land were projected to convert to forestieuall scenarios. With their modeling
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of the forest and agricultural sector and exogermstisnates of productivity impacts at
the time, Alig et al. (2002) provided regional riksuAlthough climate change is likely to
affect the margin between forestry and agricultorgpecific locations, aggregate
productivity changes in forestry appear to outsigigregate productivity changes in

agriculture.

Economic impacts of climate change on land useibligion could also involve human
migration patterns and impact the area of urbandewveloped areas by region. Regional
patterns of growth and decline in the United Statage shifted population and property
value to more vulnerable areas (van der Vink €1@98), and concerns about climate
change and severe weather events could alter tsatitament patterns. A large amount

of uncertainty surrounds any such movement of pdpmr and land use impacts.

In addition to effects from adaptation, climate rotp@ policies may involve mitigation
actions that can markedly impact the land useidigton in a region. Although outside
the scope of this chapter, Alig (2010) in a subsetchapter in this volume summarizes
recent results from studies that have examinedigedmplications for land use in the
U.S. of different policies that would promote reddaeforestation and active
afforestation on former agricultural land to ingeanet carbon sequestration as part of

climate change mitigation strategies.

Species Shifts
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Changes in forest type and tree species distribsitould have a number of ecological
and forest sector consequences. Within regionseotltS., the forest sector has
developed infrastructure and management systenesl! lmescurrent forest type
distribution and dominant market species. Changéarest type and species distribution
may, over the long-term, lead to changes in thépagent used in the harvesting and
processing timber and in forest management practigiaifts in the distribution of species
in response to changing habitat conditions may oasuesult of natural migration of
species in response to changes in growing congittonperhaps more likely, as result of
changes in forest management and the tree speteesesl for reforestation or
afforestation. Changes in tree species distributmrid include land-use changes if

forests move to land currently used for agricultorether uses.

Modeling the projected shift in suitable habitaepthe next century or more, lverson et
al. (2008) projected shifts northeastward of maastern tree species. Some species were
projected to move up to 500 miles under the higaesssions/hottest temperature
scenario considered. In addition to shifting sugdiabitat location, the area of suitable
habitat for individual tree species may also chaidmut half of the species considered
by Iverson et al. (2008) were projected to havenarease in habitat area. Both oak and
pine species were projected to experience increasegbitat area, with a stretch toward
the northeast. Losses in habitat area in the Ue®e ywrojected for those northernmost
forest types, including the maple-beech-birch, sg#ir, and aspen-birch types (Fig. 1.).
Those forest types are projected to have expansimstable habitat area in Canada.

The types of shifts identified by Iverson et aD@8) are reflected generally in the inputs
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in some of the economic models considered here &ofingen et al. 2001). Iverson et
al. (2008) note that it is very unlikely that exdarg tree species would widely colonize

newly-suitable habitat without human intervention.

Dieback and Disturbance Regimes

In addition to the changes that may occur in thes/fbf resources, the stocks of current
resources may be reduced through dieback thatsdsedause of climate change.
Dieback is typically modeled as a reduction ingh#ability of growing conditions or as
increased mortality from more frequent or more sedsturbance. Dieback from
growing condition change is anticipated to resuhf increased heat and reduced water
availability. The southern U.S. is thought to be thS. area with the greatest potential to
experience limited water availability and heat iogld dieback in timber over the next
several decades, although increased growth isqtenjdéater in the decade as managers

respond to changing environmental conditions (&lig, et al. 2004b).

The IPCC has expressed high confidence that ththMaonerican forest sector will likely
be sensitive to changes in disturbance regimes étonate change (Field et al. 2007).
Increases in disturbance are most frequently pregeior the western U.S. via more
frequent or severe wildfires and insect and diseasiereaks (e.g., Bosworth et al. 2008).
Citing the research of others, the IPCC suggeststiie period of high risk for wildfire
ignitions could increase by 10 to 30 percent anthéd area could double under climate
change (Field et al. 2007). Gan (2004) found thatinfestation risk of the southern pine

beetle may increase by 2.5 to 5 times under chadgedte conditions. If southern pine
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shifts northward, the increase risk might be 4.®tifes higher than present risk.
Research completed in the Pacific Northwest hasddbat increased winter temperature
and spring precipitation have contributed to theuoence of Swiss needle cast disease
(Stone et al. 2008). Anticipated continued increasgemperature and precipitation from
climate change are expected to lead to increagiregnd and severity of that disease.
Increased disturbance under climate change alfadies the potential for increased
frequency and magnitude of wind events (e.g., wirat) and ice storms, which are

more often associated with eastern forests.

Disturbance events can be modeled through changbs iexisting stocks of forest
resources. Historical dieback patterns are impglicthe growth and yield functions used
to project future forest volumes. In the economadeling literature, few studies account
for dieback events that depart from historicalgrais. However, the IPCC has stated
(Field 2007) “very high confidence” (i.e., > 90 pent agreement in statement) that
disturbances are currently increasing relativeigtohic patterns and will continue to
increase. Currently, Sohngen (e.g., Sohngen andi&leohn 1998, Sohngen et al. 2001)
has the most explicit inclusion of additional diebanticipated from climate change.
Under the assumptions adopted in Sohngen et &1§2@5 percent of the trees killed
from dieback are available for timber salvage atrtburrent volume. Future increases in
value that would have occurred for the killed s®ake lost in the Sohngen et al. (2001)

treatment.
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One potential positive outcome of dieback is thaber producers can replant affected
stands with species or varieties appropriate femiéw growing conditions (e.g., Joyce
2007). Sedjo and Sohngen (1998) point out thabalth extensive dieback could result
in “substantial damage” if forests were unablernovpe their current levels of
ecosystem services, natural systems tend to regpookly to disturbance. Additionally,
if dieback were to increase significantly from bist levels, we could expect increased
human intervention to mitigate at least some ofitfygact of that disturbance. This
pattern has been exhibited in the increased atteidi fuels treatment and expansion in
fire suppression capacity as result of previousg/eacreases in wildfire costs and
burned acres. In later sections, when possible ghredults are discussed both with and

without dieback outcomes.

Public and Private Timberland Ownership

The patterns of forest ownership may also facttar fnture timber availability under
climate change conditions. Land ownership may arilte timber availability because of
differential impacts to growing conditions on landsliffering ownership groups and
because different ownership groups may respondsargent ways to changes in forest
growing conditions. Private timberlands provide ¥ast majority of the timber currently
produced in the U.S., with much of the timber cogrirom private lands in the South
(Adams et al. 2006). If climate change were to hgreater negative impacts on growth
and yield on private lands, this could magnify te@sequences for U.S. timber
production. Currently, the economic studies conmgidéere do not explicitly incorporate

land ownership patterns into projections of climgtange growth and yield; however, in
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general, most timber is assumed to come from piyatwned timberlands (e.g., McCarl

et al. 2000, Irland et al. 2001).

Differential impacts by land ownership from climateange in the U.S. are most likely in
topographically rich landscapes, but could occymdrere with systematic spatial
patterns of land ownership. In many areas of theteve U.S., private lands are
concentrated at lower elevations and public lamdsancentrated at higher elevations. If
climate change has a differential impact on thevgrg conditions of low-elevation
forests, the private/public pattern of land owngrsh the West could impact future
timber production. In Washington and Oregon, Lattal. (2010) have projected that
private forestlands at low elevations would expereedeclines in productivity, while the
higher elevation forests (in public ownership) wbakperience productivity increases. If
such systematic differences are not adequatelyieapin economic models, gains in
timber production, as estimated from the models|cbe reduced because private
timberlands provide most of the timber but suffeder climate change. However,
because the West is most likely to experience syie ownership differences in forest
growing conditions from climate change and the Eastently accounts for the majority
of U.S. timberland and timber production, the intpafcsystematic ownership patterns on

projected timber production is probably minor.

Private individuals and corporations own forestlémda variety of reasons. Individuals

who own timberland tend to do so for reasons dtien timber production, such as

aesthetics, privacy, and recreation (Smith et@092. Private individuals are much less
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likely to have written forest management plans.poaoations tend to manage land for
financial returns, including returns from timbeoguction. Because their ownership
objectives and management capacities differ, thpamses of private individuals to
changes in forest conditions may be different frpnaate corporations. It is possible,
that private corporations may respond aggressiwvély mitigating activities to changing
forest conditions and disturbance, while privagividuals respond more passively.
None of the modeling studies considered here diffigates growth and yield changes or
dieback magnitude under climate change by typeivoéfe ownership. In considering
mitigating behaviors and future conditions, it geful to consider that different strategies
for responding to climate change (e.qg., plantinglyesuitable species, responding to
increased disturbance regimes) may need to beddifor the different private

ownership groups.

Timber Management under Climate Change

With climate change, forest management activitieprioducers, including choices of
planting stock, thinning regimes, and harvestiragpces, could be changed to take
advantage of both new growing conditions and cheingéorest sector markets (Alig et
al. 2004b). For example, private timberland owrserféering production declines as
result of climate change (and wishing to maintairment production levels) would need
to intensify management systems (e.g., plantingawgd stock or conducting more
aggressive thinning or fertilizing activities) (tatet al. 2010). Conversely, landowners

facing increased productivity may need to changeagament regimes to accommodate
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increased growth or to take advantage of other etanportunities (e.g., carbon offset
payments). In addition to forest management agwiduring the rotation, harvesting
choices (e.g., rotation ages, silviculture systecosi)d also be modified in response to

changing growing conditions or forest product m&sKalig et al. 2004b).

Timber Rotation Lengths

In general, the yields of forests communities imrtN@merica are expected to increase
because of the fertilization effect of @&nd a longer growing season (Field et al. 2007).
In those places where timber yields increase, tirppbaduction is generally projected to
increase and stumpage prices are projected tandedlhis results in lengthened timber
rotations relative to current practice (McCarl et2800, Irland et al. 2001). Timber
rotation is the length of time producers allow tenbo grow prior to harvest. If the
opposite climate impact occurs and forest proditgtdeclines, rotation lengths are
expected to shorten, particularly over the shartatdRotation lengths shorten because
timber supply is reduced (leading to increased page values) and the annual growth of
trees (representing the opportunity cost of foregduture additional stumpage value) is
less than under previous growing conditions. Addiilly, timber rotation lengths could
shorten if disturbance regimes increase markedtycing timber supply, or because

producers choose to harvest sooner to avoid risiknsier losses to disturbance.

For the U.S. South, where productivity losses apfiebe most likely to occur (although
not certain), McCarl et al. (2000) project that petcent reduction in growth would

shorten rotation length in that region by aboutgkgent for the first 20 years after yield

26



reduction, regardless of what happens to forestitran other U.S. regions. Two
decades post-change, McCarl et al. (2000) proggation lengths in the South would
decrease further, with a mostly linear continueatt@ning in length as decades progress.
If yields in southern U.S. forests were unchangstireorthern forest yields increased,
rotation lengths in the South were projected toai@nargely unchanged (McCarl et al.
2000). In the North, rotation lengths were expetteithicrease under changes in growth
and yield by abut 0.1 percent for the first 25 gaander almost all scenarios (McCarl et
al. 2000). However, when there is no change ineingoowth in the South and the North
experiences an increase in timber growth, rotdéagths were projected to remain

largely unchanged in the North (and the South).

Harvest Levels

Under climate change, Perez-Garcia et al (2003¢@irthat the global forest sector will
increase harvest levels by 1.5 to 2.7 percent athevbaseline by year 2040. The authors
note these global changes are very small, but segienal changes are greater. The
southern hemisphere accounts for the greatestasesdan harvest levels. For example,
timber harvest in Chile was expected to increaskdtyeen 10 and 13 percent by 2040
relative to the baseline depending on the scerfgigp 2). New Zealand was projected to
increase harvest by 8 to 12 percent relative tdb#seline. In the U.S., the West was
projected to increase harvest between 2 and 1epewith the greatest increases
projected under the hottest/highest emission saenéPerez-Garcia et al. 2002). The
U.S. South is projected to increase harvests uh@emoderate and high heat/emissions

scenarios but reduce harvest under the lowestdmeiggions scenario. This projected
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reduction reflects reduced prices because othéaglegions are able to take greater
advantage of changing growing conditions and iregésnber production. Canada is
projected to reduce harvest levels by up to 3 penegative to the baseline under all

scenarios (Perez-Garcia et al. 2002).

The results of the global study completed by Sohregeal. (2001) are generally
consistent with those of Perez-Garcia et al. (2002projected harvest levels over the
next several decades. Sohngen et al. (2001) prajgc¢bd 6 percent increase in harvests
globally (relative to the baseline and depending@enario) for the 1995 to 2145 period.
Sohngen et al. (2001) also show that most of tiresga timber harvest, over the next
several decades, occur in the low Mid-latitude $tgeparticularly in South America (10-
19 percent) and India (14 to 22 percent). In ther decades, Sohngen et al. (2001)
project that North American harvests (Canada ari®&l tbmbined) will decline by about

1 percent. This decline reflects some of the asdutreback in the Sohngen et al. (2001)
model and the general productivity losses projetie€anada. Global timber harvests in
the later half of the century are projected to heweore substantial increase, relative to
the baseline, of between 18 and 21 percent. Tlagsedains reflect the increased
productivity of forests and increased demand foodvproducts in response to decreased
prices. Most of this later-century increase is @nixagain by the low Mid-latitude forests;
however, North American harvests are projectecetalibut 14 percent above the

baseline during that period.
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In one of the initial studies examining the effettlimate change on the U.S. forest
sector, Mills and Haynes (1995) projected that bia&8vests would increase by 1 to 3
percent by 2040 relative to the baseline underatknchange. The authors report that
most of the projected increase took place seve@des after climate-induced growth
increases began. Regionally, Mills and Haynes (198&ected that harvest levels would
increase in the South and West (with slightly ggeatcreases in the South owing to
model assumptions) but decrease in the North. Tpgected increases in harvest levels
in the South and West are consistent with the figdif Perez-Garcia et al. (2002) in their
moderate and high emissions/temperature scenémitise Mills and Haynes (1995)
study, harvest shifted towards regions with essalelil production capacity and lower
costs of production. Industry timberlands, relatoeon-industrial lands, experience the
greatest gains in timber harvest in the Mills arayies (1995) study. In the Pacific Coast
states, harvest levels were projected to declineomindustrial lands, although industry
timber harvest was projected to increase. Irlaral €001), using a dynamic

optimization model also found that total U.S. timharvests would increase slightly
under climate change, regardless of the climatagdacenario. The South has the most

consistent harvest gains across the climate scsnarodeled by Irland et al. (2001).

Timber Price Changes

In general, forest sector prices are expected¢brdeas a result of climate change (e.g.,
Irland et al. 2001, Sohngen et al. 2001, Perezi@atal. 2002, Sedjo and Sohngen
1998). In the Sohngen et al. (2001) study, gloioathér prices, under all scenarios

(including those with dieback) decline relativehie baseline (Fig. 3). Prices are
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projected to depart from the baseline in a mostlgdr fashion between the present time
and 2050. In the presence of dieback, prices im§amet al. (2001) are slightly closer to
but still below the baseline. Although dieback gatied the price changes to some extent,
the modeled dieback did not dramatically changegtreeral relationship between

climate change and timber prices. In the Sohngah €2001) model, the greatest
departures from baseline prices were projected@t¢argpost 2060. In the first 20 years of
the Sohngen et al. (2001) simulation, prices rerolgse to the baseline projections,
allowing timber producers in low Mid-latitudes tke advantage of climate-change

induced yield increases and increase output.

In the Perez-Garcia et al. (2002) model, globab&nprices under climate change are
projected to be 0.8 to 3.1 percent below the basgrojection in 2040. These timber
prices are projected to translate through to waoduyrct prices. Perez-Garcia et al.
(2002) point out, as with the projected harvesngea described above, projected global
price changes are minimal, although there are tagggonal changes. As the climate
scenarios represent more hotter temperatures/heghissions, prices are projected to
decline farther below the baseline because timtmtygtivity continues to increase in

modeled scenarios.

For the U.S., Perez-Garcia et al. (2002) projeicepeclines in the U.S. South and West
ranging from less than 1 to about 3.5 percent @igUnder the smallest temperature
changes, projected U.S. price declines are 0.%epear less. Similar patterns are

expected for the U.S. North. In the Perez-Garcel.R002) model, the greatest price

30



declines were projected for Scandinavia and We$arope (not shown). Studies only
completed for the U.S. have found slightly gregt@jected price declines than those
projected in the global models. In a study by Méigl Haynes (1995), stumpage prices
are projected to decline by 6 to 35 percent unlilgrate change scenarios (Joyce 1995).
In a later study, Alig et al. (2002) project prides sawtimber to decline by 3 to 6 percent

relative to the baseline for the period 2020 to®0&der climate change.

The price impact results of the sensitivity anaysy McCarl et al. (2000) depart slightly
from the other studies. For the U.S., prices fmbtr are projected to slightly decline,
relative to the baseline, in scenarios where thélSexperiences no change in growth
and the North increased productivity. This pat@rgrowth change is one possible
outcome of climate change. If the South experieracgercent loss of productivity and
the North experienced a corresponding gain in prtydty, McCarl et al. (2000) project
that prices would increase slightly (less than rcget). In cases where both U.S. regions
experienced a loss in productivity, greater pricgeases were projected. Note that the
McCarl et al. (2000) study includes forest seatgparts only from Canada, potentially
limiting the price-mitigating effect of forest sectimports. In the Sohngen et al. (2001)
and Perez-Garcia et al. (2002) models, low Midtae timber producers would be the
primary gainers (and timber exporters) under clendtange and Canada would suffer

production losses.

Because softwoods are projected to have greateyages in productivity than

hardwoods (e.g., Perez-Garcia et al. 2002) in respto climate change, softwood prices
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may experience greater price declines (Mills angirtéa 1995). Regionally, Mills and
Haynes (1995) projected that softwood stumpagegpmiaight experience the greatest
declines in the U.S. South and Pacific Coast reggidhe other studies considered here
do not report results separately for hardwoodssafiivoods, often because the model

results are similar for the two forest types (didand et al. 2001, McCarl et al. 2000).

Climate change is projected to generally lead $tefagrowing trees that become larger in
a shorter period of time. Further, at least ondys{iills and Haynes 1995) suggests that
softwoods may experience a disproportionately pasiesponse. These factors combine
to suggest some potential differences between s#etiand pulpwood production in a
climate-changed environment. Pulpwood is typicphyduced from trees that are too
small or not of high enough quality to produce saver. In the northern U.S., much of
the pulpwood is produced from hardwood speciestliizgate change produces trees that
can become larger more quickly, potentially disptabardwoods north to Canada, and
potentially yields feasible growing conditions Iretnorthern U.S. for productive
southern pine species, the production of pulpwsqatajected to decline. Irland et al.
(2001) project declines in pulpwood harvest of agpnately 3 percent during the 2020
to 2050 period, regardless of which climate scenarconsidered. Because of decreased
production, pulpwood prices are projected to inseeduring this period (Irland et al.
2001). In the 2000 to 2020 period, Irland et abQ®) project that pulpwood prices would
remain generally unchanged. Note that even witpywabd price increases and

sawtimber price declines in the 2020 to 2050 peaghtimber prices are still high
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enough and timber growth rates fast enough to aseresawtimber production and

decrease pulpwood production.

Consumer and Producer Welfare under Climate Change

The basic relationships between changes in foresiugtivity and consumer and
producer welfare are fairly straightforward and sistent among the studies considered.
As Sohngen and Sedjo (2005) state, “...if climatengeamakes forests more productive,
then timber prices will fall, consumers will bentgionsumer welfare will rise relative to
the baseline) and (forest product) producers w#el (producer welfare will decline from
the baseline).” The opposite will occur if climateange makes forests less productive. In
nearly all results, under a positive change todopeoductivity, total welfare (the net
combination of consumer and producer welfare) euhS. is projected to slightly
increase from the baseline because the gains sunwer welfare are greater than the
losses to producer welfare. Alig et al. (2002) ecbjU.S. total welfare increase of
between 0.05 and 0.18 percent. Using a global enmnmodel, Sohngen et al. (2001)
estimated total welfare in North America would ie&se by $55 to $65 billion, depending
on the climate scenario and not accounting forgotgntial forest dieback. The greater
total welfare gains in Sohngen et al. (2001) catrdeed to the projected global increase
in timber supply, which leads to even larger consusurplus gains relative to the

baseline.
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Although welfare gains are projected in aggregatelfe U.S. as a whole, some locations
and groups may suffer losses. Within the U.S.Sbeth and West regions and timber
and wood product producers and are projected ferswtlfare losses under some
climate scenarios. In the Perez-Garcia et al. (R6@stlel, total welfare is positive under
climate change relative to the baseline in the N@&@th and West (Table 1). Both regions
are major consumers of wood products and the gaitise individuals overcome
losses to producers. However, the U.S. South igiotly the major timber producing
region in the U.S. (Adams et al. 2006) and becéiog®er producers suffer losses relative
to the baseline, that region is projected to exgmee total welfare losses under a climate
scenario of 592 ppm GOn 2100 and a temperature rise of 1.6 degreesuSeldnder
higher CQ and temperature levels, Perez-Garcia et al. (206@¢ct greater gains in
consumer surplus in the South, offsetting prodimsses and yielding small gains in total
welfare. However, in scenarios where the South eeipees net gains in total welfare,
that region’s gains are about 1/3 to ¥z as largbegains experienced in the North or

West.

In the Perez-Garcia et al. (2002) model, consuimes U.S. regions experienced a gain
in welfare regardless of climate scenario (TableCbnversely, log producers in each
U.S. region were projected to experience loss@sdducers’ surplus, relative to the
baseline, because of declines in timber pricegsdtrof gains in yield. Wood product
producers in the West were projected to experishight gains in surplus relative to the
baseline. In the other regions, wood product pretsiare projected to have surplus

losses under nearly all scenarios. The only exaepiti that pattern is a projected slight

34



gain in wood product producer surplus in the sautieS. under the highest GO

scenario.

Because, in part, consumers can change their minghbehavior and choose substitute
goods, the welfare of producers is about 10 tingeseasitive to changes in growth and
yield (such as in response to climate change) aswoer welfare (McCarl et al. 2000). If
existing stands suffer mortality because of chamgesmate conditions and increased
disturbance, producers experience greater lossbagdn and Sedjo (2005) project that
producers’ surplus in North America could decliyei.4 to $2.1 billion per year
relative to the baseline in a scenario where ejsttocks are subject to dieback. In a
scenario without dieback, producer losses are a@percent less (Sohngen and Sedjo

2005).

Globally, Perez-Garcia et al. (2002) projected $to#hl welfare changes of between 0.4
percent ($1.8 billion) and 0.44 percent ($15.8dwil) in response to climate change.
Sohngen et al. (2001) found slightly larger changegobal total welfare, relative to
baseline projections, of 3 percent ($113 billidrgieback occurs to 6.7 percent ($251
billion) without dieback. In both cases, as foundhe U.S.-only models, global welfare
gains result from the lower cost of wood produotsdnsumers that overcome welfare
losses to producers. Sohngen et al. (2001) prtjedargest gains in consumer welfare
will accrue to North America, Europe, and the forr8eviet Union (Table 2). Producers
in South America and the Asia/Pacific region arggmnted to experience the greatest

gains in welfare relative to the baseline. Prodsigethe U.S. are projected to experience
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the largest nominal losses relative to the basélineiever the authors do not report the

percentage change).

Timing of Welfare Changes

The welfare measures reported above are in netmrealue terms. That is, they are the
sum of welfare changes from the baseline for &lfthure periods in the economic
simulation, discounted to the present day. Thrahghdiscounting, changes that occur in
earlier decades have more weight than changeseindacades. In any one period in the
future, the welfare changes experienced by produmed consumers may differ from that
projected for the entire simulation period. Forrepée, although producers are projected
to suffer losses when the whole simulation pergdansidered, they might experience
gains in welfare in some decades. The expectedaeipatterns of welfare changes are

uncertain.

Climate Change and Urban Forests

In addition to the possible effects of climate dp@on the U.S. forest products sector,
climate change may have significant impacts onmfbeests. Although the projected
effects of climate change on rural forests havenloikgcussed extensively elsewhere,
fewer studies have summarized the potential imgaatsban forests from climate
change. The potential impacts on urban foresténgvertant because approximately 80
percent of the U.S. population lives in urban aweas this proportion will increase in the

decades ahead. This section briefly reviews theng@nd value of urban forests,
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documents threats to urban forests, and suggestslhmate change may affect those

threats.

The urban forest (i.e., all trees and associatagralaesources within urban areas) of the
U.S. is an extensive and valuable natural resoiNowak et al. (2001) estimate 3.8
billion trees grew in 108,500 fdf urban area in the coterminous U.S. in the 1990s
Urban and developed areas are projected to ex@60D nf by the year 2030, with
almost half of this urban growth taking place inefsted areas (Alig et al. 2004a, Nowak
and Walton 2005). Urban forests provide a wide eamighenefits, including protection
against soil erosion, provision of habitat for Wiflel improvement in local air quality,
reductions in the urban heat island effect, ensesyyngs through building shading and
insulation, carbon sequestration, and reductiossarm-water runoff (e.g., Dwyer et al.
1992, McPherson et al. 2005). Urban tree covermiguides cultural benefits that lead
to improved quality of urban life as trees may ioy® the scenic quality of a city
neighborhood, provide privacy, reduce stress, aeties residents from the negative

effects of undesirable land uses (e.g., Dwyer.et391, Westphal 2003).

It is difficult to put an economic value on the @ommental and cultural benefits of
urban forests because most of those services ateaded in markets. Nevertheless,
some of the benefits of urban forests may be daathinto the values of residential
property, and hedonic property price models docurttese values based on property
characteristics and home sale prices. Summarituties of home sales in several U.S.

cities, Sander et al. (2010) conclude that incresgproximity to forested areas and
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increasing tree cover are associated with incrgdsame sale price. For example, in
Grand Rapids, Michigan, housing lots that direbtbydered a forest preserve sold for 19
to 35 percent higher prices than other lots (Thess2002). A North Carolina study found
that increasing forest cover by 10 percent on esfigparcel increased home sale price by
an average of $800 (Mansfield et al. 2005). A Mswota study found that a 10 percent
increase in tree cover within approximately 328 fdea home increased home sale price
by $1,371 and within 820 feet increased home sate py $836 (Sander et al. 2010).
The positive impact of trees on home sale pricettogy with the size of the U.S. housing
stock (115 million housing units in 2000) (Radeleffal. 2010) suggest that the total

impact of trees on residential property value mthS. is very large.

Invasive insects and pathogens are among the gteélteats to urban forests and can
have substantial economic effects. In a comprekierstudy of the economic impacts of
biological invasions of forests in the continertiab., Aukema et al. (2010) conclude that
local governments and homeowners are the sectstaisimg the greatest economic
damage, which includes expenditures for treatmrentpval, and replacement of infested
trees and reductions in property value associatédtiee mortality. These governmental
and residential expenditures represent transfenseafth between sectors (such as from
homeowners to tree removal firms), and impactsesidential property values represent
wealth that is lost from the economy. For exameieerald ash boreAgrilus

planipennis Fairmaire), a phloem-feeding beetle native to Asid introduced in the U.S.
in the 1990s, is projected to cause average amxpanditures of more than $1 billion

for treatment and replacement of trees by locakguwments and homeowners in the
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eastern United States from 2009-2018 (Kovacs @(dl0a). Residential property value
losses associated with EAB damage are projecteddeed $340 million annually
(Aukema et al. 2010). Sudden Oak Dedhytophthora ramorum), a non-indigenous
forest pathogen that causes substantial mortalicpastal live oak and several other oak
tree species on the Pacific Coast of the U.Srdgpted to cost $6 million per year in
treatment, removal, and replacement costs and 8ll06n per year in property value

losses to single family homes (Kovacs et al. 2010b)

Wildfire is another significant threat to urbandets with substantial economic effects.
The wildland urban interface (WUI) is the area véheouses meet or intermingle with
wildland vegetation, including trees, shrubs, arasg (Stewart et al. 2007). According to
recent estimates, the WUI encompassed 11 percéiné ¢dind area (276,100 Thand 38
percent of the housing units (44.3 million) in tentiguous U.S. in 2000 (Radeloff et al.
2005). In western and southeastern states, whégéres burn the most area, 45 percent
of the housing units are in the WUI (11.1 and 4illion units, respectively) (Hammer et
al. 2009). Although wildfire risk varies widely,dlpresence of homes in fire-prone
vegetation increases the risk of loss of life armpprty and increases fire prevention and
suppression costs. For example, wildfires in thel\WlSouthern California destroyed
3,079 structures in 2007 and suppression costetetate totaled nearly $300 million

(Hammer et al. 2009).

Conclusions
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Although there remains uncertainty in the physiadaband disturbance responses of
U.S. forests to climate change, there is generalesgent in results from currently-
available studies examining the impact of climdtarge on the forest sector. Broadly,
the model results included here indicate that tinest sector (both globally and in the
U.S.) is fairly resilient to changes in forest $®and growing conditions resulting from
the modeled climate change scenarios to date. Adffndthere are projected to be impacts
to forest production, forest sector prices, andsaomer and producer welfare, changes are
generally projected to be small. Currently the $bseector (globally and in the U.S.) is
operating in a manner that reflects a diverse gearent of resources, processing
capacity, and consumer demand. Climate change vikelgt impact those arrangements
and, over time, economic theory and the outputofiemic models suggest the forest

sector would adapt accordingly.

The northern U.S. is generally projected to expeeeproductivity increases with climate
change. However, some of this increase may coingittea displacement of some
currently important northern species (northern taxabtls and spruce/fir forest types)
north to Canada because of changing growing camditiConcurrently, changing

growing conditions may make way for some productiwethern pine species to be
planted in portions of the U.S. North. The westdr8. is generally expected to see gains,
particularly in the timber-important Pacific Coasates. However, the West is also
generally the focus of concerns related to increaésturbance, in the form of increased
wildfire or insects and disease outbreaks, becaliskmate change. Whether these

disturbances will be mitigated by human intervemtio depart significantly from the
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general long-term historical levels remains to &ens Within the U.S., the South is
generally considered the region most likely to suffrowth losses because of changing
climate conditions. Dieback and increased disturbanortality may also impact existing

forest stands in that region.

The economic studies considering the impact tddhest sector from climate change are
generally consistent in projecting, in model inptisit climate change will lead to
aggregate yield increases globally and for portminthe United States. These yield
increases will lead to increased timber productwmgch will result in price declines.
Timber harvest increases in the U.S. are most stamgly projected for the northern and
western regions. The U.S. South is projected te@ liasreased harvest under some
scenarios and decreased harvest in others. Intodg, $he South is projected to remain
near baseline harvests levels only in a scenarenvifmat region’s productivity remains
stable and the North increases productivity. Intl@iostudy, the South is projected to
increase harvest under the hottest temperature$tigimission scenarios but reduce
harvest under the lowest temperature/lowest enmssoenario. The global models
indicate that much of the increased global timbedpctivity will come from producers
in the low Mid-latitudes who are able to responétkly to changing growing conditions
and are expected to experience some of the laggesing condition improvements. An
increase in timber harvests is projected to ocaityfquickly in the decades post growth

change, followed by a small slow-down and thenngJsustained increase.
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Climate change is projected to result in welfarandes for consumers of wood products
and producers of timber. The studies considereel &er generally consistent in
projecting that total welfare, net of forest prodoonsumers and timber producers, will
increase relative to the baseline. However, thalSand West U.S. are projected to
suffer total welfare losses under some scenaridgiarber producers are projected to
experience welfare losses in most scenarios. Woadblpt consumers are projected to
gain in nearly all the scenarios considered. Theptwal pattern of welfare changes by

decade post-climate change is largely unknown.

The current projections for the forest sector uralienate change are based on existing
studies that were completed using the informatimhmodels available at the time. One
important uncertainty in considering the existingdal results is the impact that
unaccounted for dieback or increased levels otithsince may have on the expected
responses of the forest sector to climate chanmgotit levels of dieback and
disturbance are represented in the growth and fuelctions used in the models.
Additional levels of dieback (including that podgilrom disturbance) were included in
the Sohngen et al. (2001) study. In that analystseased dieback did change model
output but did not change the general relationshgia/een climate change and forest
sector outcomes. For example, under the diebaclagos, timber prices were still
projected to decline with climate change, althotigb change was mitigated slightly by
the modeled dieback. If the dieback or disturbamgeerienced under climate change is
greater than that captured in the models, actuahats to the forest sector may differ

from model results.
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Although the total area of land in agriculture dockstry may remain relatively constant
over time, climate change could alter the distidoubf rural land uses and affect forest
area over time if climate change affects yields em&ts of production for different land
use alternatives. Given the potential human anthsoonsequences of these impacts, it
is important to extend and enhance modeling tao&ssess the implications of climate
change on the distribution of land uses in the éthBtates. Another uncertainty is how
climate change may affect human migration pattantsthereby areas of urban and
developed uses and areas of rural land uses sdoheasthat may be converted to
developed uses, including those of coastal areasth&r research area is the relationship
between human settlement patterns and vulnerakiliti natural disasters. In terms of
risks and hazards, natural disasters have mangdradnsequences, including damage to
forest ecosystems and human communities. Recemntstia land use and housing growth
not only create stresses on natural ecosystemesatbe increase society’s vulnerability

to natural hazard. Global climate change has aeo indicted in recent catastrophic
weather events, and although scientific opiniomiged regarding its role in current
patterns, scientists agree that there is potdotiaignificant change in the future.
However, in the short run, i.e., over the past &ary, the likelihood of natural hazards
has been relatively stable but losses in the La%e Increased because our vulnerability
to these hazards has increased (Alig et al. irspr&fore houses and more wealth
concentrated in regions of the country facing digant hazard levels describe the trend

in the U.S. over the past 50 years.
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Another uncertainty is how timber producers angaig and public landowners will
respond to changing forest growing conditions. €ufty, the U.S. timber industry is
experiencing a general reduction in capacity (engling infrastructure), a move away
from vertically-integrated companies (i.e., a for@®duct company owns the processing
mill as well as the timberland) to a business medere timber is obtained from lands
owned by other corporations and private entitiag, roduction that is regionally
concentrated. Combined, these factors may mak#idudt for the timber industry to
adapt to and mitigate climate change impacts ogsfer particularly in the short-term.
Private landowners own forests for a variety oo and those owners may not adopt
adaptation and mitigation activities that promatatued or improved timber
production, potentially reducing future timber dahility from private land. However, it
is possible that expanded programs by land age(eigs the State and Private Forestry
Branch of the USDA Forest Service) and conservairganizations could improve the
implementation of adaptation and mitigation aci@gtfor timber production by private
landowners. The results of current studies asshateptoducers will adopt forward
looking, optimal responses and significant depadudrom this assumption may yield

unanticipated impacts on the forest sector.

Given the extent and value of urban forests, aa afeesearch that deserves more
attention is projecting the effects of climate apawn threats to urban forests, including
invasive forest insects and diseases and wildfCémate change will likely increase the
frequency and intensity of these disturbances amdeed to quantify the associated costs

and losses, including government and homeownemekjuees for prevention and

44



mitigation activities and homeowner losses in propealue. Documenting these
potential costs and losses associated with distedsato urban forests will add to our

growing understanding of the overall effects ofmeie change on forests.

There are a number of opportunities for furtheeagsh examining the impacts of climate
change on the forest sector. First, because mabkedxisting studies were completed
several years ago, it would be useful to updatsdfamalyses using the most recent
climate projection and economic models. Secondtiaddl studies that quantify how
increased disturbance and dieback and sub-optespbnses by timber producers and
landowners affect model projections would helpdentify how these uncertainties might
impact the forest sector under climate change.dTlthe expectation is that global trade
will increasingly be important and economic mod&kst better account for the dynamics
of global trade will be useful as climate changprgected to have diverse positive and
negative effects on timber growth and yield ineliént portions of the globe. Finally, the
existing studies have examined the forest sectpaats from climate change in isolation.
In future studies, it will be important to examinew the forest sector responds to
concurrent changes in climate conditions and cohgnsive climate policies (e.g., a
carbon cap and trade system, increased demandftmhybiomass for biofuels). For
example, the climate scenarios considered hereestiftat timber harvest will increase
in response to improved yields. However, it is kidwn how that relationship would be
affected if forest carbon offsets are also valuied. probable that the combination of
improved forest yields and a carbon value wouldehav impact on timber harvest levels

(and ultimately consumer prices) not representexdiirent modeling.
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Metric Equivalents

When you know: Multiply by: To get:

Miles (mi) 1.609 Kilometers
Feet (ft) .3048 Meters
Cubic feet (ff) .0283 Cubic meters
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Table 1—Projected net present welfare changes ($ iions
1993) in U.S. regions under three climate
emissions/temperature scenarios. Projection perioi985 to
2040. Adapted from Perez-Garcia et al. (2002).

High Moderate Low
US North
Log producers -922.1 -741.6 -225.4
Product producers -104.6 -125.3 -144.1
Consumers 8,467.5 6,279.4 806.9
Total 7,440.8 54125 437.3
US South
Log producers -5,062.5 -4,946.6 -4,234.4
Product producers -136.9 -511.1 -1,285.1
Consumers 9,605.8 7,219.1 1,238.0
Total 4,406.4 1,761.3 -4,281.5
US West
Log producers -1,524.5 -1,030.1 -267.0
Product producers 8,261.0 6,141.3 829.6
Consumers 241.8 154.8 340.6
Total 6,978.4 5,266.0 903.3
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Table 2—Projected changes in the net present val# billions 1990) of welfare for
consumers and producers under climate scenarios witand without forest dieback.
Projection period 1995 to 2145. Adapted from Sohngeet al. (2001).

North Former South Asia-

America Europe USSR China America India Pacific
Scenarios without
dieback
Consumer welfare 80.3 445 37 17.2 17.5 4.2 26.2
Producer welfare -24.7 5.6 -0.2 5.5 2.3 1.6 -7.5
Total welfare 55.5 50.1 36.8 22.7 19.8 5.7 18.7
Scenarios with
dieback
Consumer welfare 35 19.5 16.2 7.7 7.8 1.9 11.8
Producer welfare -39.3 25.8 -24.6 8.6 147 3.8 3.3
Total welfare -4.3 45.3 -84 16.4 226 5.7 15.1
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Figure captions
Figure 1—Projected forest type shifts in the east&iS. as result of climate change. Data
source: Climate Change Tree Atlas: http://www.istéefl.us/atlas/tree/ft_summary.html

Figure 2—Approximation of projected harvest leviel2040 under three GO
emission/temperature scenarios. Adapted from Réegzia et al. (2002).

Figure 3—Projected timber prices under baselinefandclimate change scenarios,
including two with forest dieback. Adapted from &gkn et al. (2001).

Figure 4—Approximation of projected log price chaagn 2040 under three GO
emission/temperature scenarios. Adapted from Réegzia et al. (2002).
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Fig. 4
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