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Abstract

Alig, Ralph J., tech. coord. 2011. Effects of climate change on natural resources
and communities: a compendium of briefing papers. Gen. Tech. Rep. PN'W-
GTR-837. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific
Northwest Research Station. 169 p.

This report is a compilation of four briefing papers based on literature reviews and
syntheses, prepared for USDA Forest Service policy analysts and decisionmakers
about specific questions pertaining to climate change. The main topics addressed
here are effects of climate change on wildlife habitat, other ecosystem services,
and land values; socioeconomic impacts of climate change on rural communities;
and competitiveness of carbon offset projects on nonindustrial private forests in
the United States. The U.S. private forest offset projects tend to be less costly than
European projects but more expensive to implement than those in tropical forests
in developing countries. Important policy considerations involving any mitigation
actions include effects on other ecosystem services, such as wildlife habitat, and
determining baselines and additionality. Stacking of ecosystem services pay-
ments or credits with carbon offset payments may be crucial in improving the
participation of private forest owners. Potential social impacts of climate change
are discussed in terms of health effects on rural communities and climate change
sensitivity of indigenous communities. Potential economic impacts on rural com-
munities are discussed for agriculture, forestry, recreation and tourism, fisheries,
water resources, and energy. Salient findings from the literature are summarized in
the synthesis of the literature, along with identified research needs.

Keywords: Climate change, wildlife habitat, land values, ecosystem services,

vulnerability, rural communities.



Summary

Periodic syntheses of the ever-expanding knowledge about climate change,
impacts on natural resources and associated ecosystems, land use and values, and
human communities are critical to effective policy formulation. We also need to
better understand how adaptation to and policies for addressing climate change
may affect landscapes, ecosystems, ecosystem services, and local economies.
Policy deliberations will be aided by better information on the economic viability
of forest-related offsets relative to other greenhouse gas (GHG) offset options.
Forest ecosystems can transfer carbon from the air as part of the GHG complex
and sequester it into plant tissue through the process of photosynthesis during the
growth of trees and in other ecosystem components such as the understory and
soil. Such forest sinks have a significant potential to help in mitigating climate
change, and this report is a compilation of briefing papers prepared for USDA
Forest Service policy analysts and decisionmakers about specific forest carbon
sequestration topics. The briefing papers are part of a larger set prepared by agency
scientists and cooperators, including a related one regarding forest bioenergy by
White’ and another set pertaining to economic modeling of the effects of climate
change on the U.S. forest sector and mitigation options.z Given the large topic
of climate change and forests, this report only touches on selected aspects, and
readers are referred to the growing literature for information on specific topics
such as incorporating climate change considerations into specific natural resource
management.3

In the first chapter, Morzillo and Alig review the literature pertaining to effects
of climate change on wildlife and wildlife habitat at a broad scale. Because climate
change is such a far-reaching topic, research opportunities focusing on climate
change impacts on wildlife and wildlife habitat are likely to be most informative
for policymakers if formulated using an integrated and multidisciplinary systems

analysis approach and adaptive management. An adaptive process will facilitate

! White, E. 2010. Woody biomass for bioenergy and biofuels in the United States—a
briefing paper. Gen. Tech. Rep. PNW-GTR-825. Portland, OR: U.S. Department of
Agriculture, Forest Service, Pacific Northwest Research Station. 45 p.

? Alig, R. 2010. Economic modeling of effects of climate change on the forest sector and
mitigation options: a compendium of briefing papers. Gen. Tech. Rep. PNW-GTR-833.
Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest
Research Station. 169 p.

3 Joyce, L.A.; Haynes, R.W.; White, R.; Barbour, R.J., tech. coords. 2006. Bringing
climate change into natural resources management: proceedings. Gen. Tech. Rep.
PNW-GTR-706. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific
Northwest Research Station. 150 p.



results from research involving land-use changes, forest management, wildlife
management, mitigation alternatives, and society’s willingness to undertake actions
to formulate more policy alternatives, along with confronting other components of
the global climate issue.

The second chapter by Alig et al. assesses research about effects of climate
change on land productivity and values, including influences on provision of
ecosystem services. Climate change policies may in turn affect land and resource
markets, thereby modifying land values, land use, and forest cover distribution. A
broad examination of such changes necessitates assessing multiple markets, includ-
ing those for carbon sequestration as an ecosystem service, especially if policies
arise to promote carbon sequestration as a mitigation activity.

In the third chapter, Lal et al. look at effects of climate change on rural commu-
nities. Their review suggests that rural communities tend to be more dependent on
climate-sensitive livelihood activities and have fewer resources and social support
systems compared to urban populations. They suggest that rural communities could
face large potential impacts from future climate change events.

In the fourth chapter, Mercer et al. review competitiveness of forest-based
carbon offset projects, relative to other offset options in agriculture, clean transpor-
tation, carbon capture and sequestration, nuclear and other advanced technologies,
increasing energy efficiency, renewable energy, and other options. They examine
estimates of per unit costs of removing atmospheric carbon through domestic offset

projects, and find that estimates differ widely.
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Chapter 1: Climate Change Impacts on
Wildlife and Wildlife Habitat

Anita T. Morzillo and Ralph J. Alig

Introduction

Climate change is affecting environmental conditions for people and wildlife. As a
result of changing environmental conditions, climate change affects wildlife species
both directly and indirectly. Current policies influence the area and distribution

of potential wildlife habitat. In response to climate change, policies adopted to
influence the management of ecosystems are expected also to affect the wildlife
habitat and populations that depend on these ecosystems (IPCC 2007, MEA 2005).
Many researchers have explored potential impacts of climate change on wildlife
populations and habitats, as well as shifts in vegetation communities resulting from
projected climate change. The focus of this paper is to provide a broad-scale review
and synthesis of existing knowledge about potential direct and indirect impacts of
climate change on terrestrial wildlife and wildlife habitat within a systems analysis
context. To do this, we rely on existing research that has suggested climate-influ-
enced impacts on particular species and their habitats. Although the readers of this
document may have primary interest in U.S. policy, we use examples from around
the world to illustrate phenomena that have potential to be relevant to wildlife
within the United States.

Many studies have addressed observed and projected changes in land cover
and land use as a result of climate change (e.g., Backlund et al. 2008, Harsch et al.
2009, Iverson et al. 2008, Shafer et al. 2001, White et al. 2010). For our purposes,
we define land cover as the observed biophysical cover of the Earth’s surface (e.g.,
oak-hickory forest, grassland). In contrast, land use is the means by which land is
used by humans (e.g., protected areas, timberland, agriculture). Research focused
on the impacts of climate change on wildlife, such as those discussed in this paper,
expand on earlier studies focused on land cover and land use change to illustrate
and project how organisms that depend on particular attributes of land cover and
land use may respond to changes. Wildlife species depend on vegetation character-
istics for cover (e.g., shelter from predators), reproduction (e.g., trees for denning
and nesting), and food (e.g., pollen, seeds, and fruits). We describe direct ecological
and behavioral responses of wildlife to climate change, such as geographical range
shifts by species. Many studies have focused on location-specific case studies (e.g.,
Moritz et al. 2008) or shifts by individual or groups of organisms (e.g., Chen et al.
2009), but others provide a comprehensive analysis across many species and loca-
tions (e.g., Hughes 2000, Lawler et al. 2009, Parmesan 2006, Thomas and Lennon

1999). Although it is not our objective to quantitatively evaluate net change across
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all species, or provide an exhaustive review, we summarize existing literature by
focusing on both spatial and temporal aspects of range shifts, and the biological
effects of such shifts (Root et al. 2003).

The next section illustrates impacts of climate change on wildlife habitat. Here
we focus on impacts that ecosystem changes in vegetation characteristics and
associated abiotic variation may have on the species that depend on them. Topo-
graphical landscape variation (e.g., continental drift and other geologically induced
change) may be slow in many cases from a human perspective. However, other
effects of abiotic factors and combined abiotic and biotic influences may be more
apparent (e.g., Harsch et al. 2009). Habitat variation as a result of climate change is
expected to affect individual species differently, based on life history characteristics
and ability to adapt to changing habitat conditions. We describe impacts of climate
change mitigation on wildlife habitat from mainly an economic perspective, such as
decisions that landowners may make in response to climate change. For example,
potential return from emerging carbon and bioenergy markets may affect land-
owner decisions about land management, which may affect availability of habitat
for particular species.

To integrate the first three parts of the paper, we describe and follow linkages
between models for evaluating climate change and land use impacts on wildlife,
including global circulation models, ecological process models, economic models,
ecosystem services models (e.g., wildlife habitat), climate (or bioclimatic) envelope
models, and attendant feedbacks, and critique the linkages to identify needs for
better understanding of potential impacts. Finally, we suggest focal areas for future
research to address climate change impacts, specifically the need to evaluate con-

current influences of climate change and land use on wildlife and wildlife habitat.

Ecological and Behavioral Responses of
Wildlife to Climate Change

Adjusting to climate-influenced variation in resources they depend on is a
challenge for wildlife. This variation may include changes in spatial distribution
in food resources, timing of food resource availability, and differences in cover,

ground moisture, and water requirements.

Range Shifts

Many abiotic (e.g., physical barriers, climate) and biotic (e.g., competition, popula-
tion dynamics, life history, genetics) factors individually, and in combination, affect
the geographic distribution of species (Gaston 2003). Researchers are observing

variation over space and time in species distributions that appear to be range shifts
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in response to climate change. Geographical range shifts may be latitudinal, which
are defined as extinction of a species at the historically observed southern (in the
Northern Hemisphere; northern in the Southern Hemisphere) boundary or net
colonization by the species at the northern (or southern in Southern Hemisphere)
boundary (Parmesan et al. 1999). Parmesan and Yohe (2003) completed a meta-
analysis of 1,700 species to evaluate consistencies between recent biological trends
in species range distributions and climate change predictions. For wildlife, this
analysis included both timing of life history events (phenology) and distributional
changes in taxa including insects and other invertebrates, fish, reptiles and amphib-
ians, birds, and mammals. Globally, on average across all studies evaluated, north-
ern and upper elevation boundaries are estimated to have shifted approximately 6
km per decade toward the poles, which follows trends in climate models (Parmesan
and Yohe 2003). The same authors suggested that changes in distributions of
approximately 280 species followed a systematic trend in global cooling and warm-
ing periods since 1930.

Besides changes along latitudinal gradients, geographic range shifts also may
occur along elevation gradients. The same meta-analysis that suggested many range
distributions to be shifting toward the poles also noted elevation shifts upward of
approximately 6 m per decade (Parmesan and Yohe 2003). In Costa Rica, variation
in sea surface temperatures is influencing forest mist frequency, which then affects
vertebrate abundance along elevation gradients that cannot be attributed to other
land uses (Pounds et al. 1999). From fixed plots, observations of breeding popula-
tions of species typically found in areas lower than approximately 1500 m have
increased in frequency above 1540 m. For example, the formerly lowland-breeding
keel-billed toucan (Ramphastos sulfuratus) now breeds among the cloud-forest-
breeding quetzals (Pharomachrus moccino) (Pounds et al. 1999). Moths (Chen et
al. 2009) and butterflies also have exhibited elevational changes in distribution.
Ranges of populations of Edith’s checkerspot (Fuphydryas editha) and sachem
skipper butterfly (Atalopedes campestris) in North America (Crozier 2003, 2004;
Parmesan 1996), as well as Apollo butterfly (Parnassius apollo) and other species
(Descimon et al. 2005, Parmesan 1996, Parmesan and Yohe 2003, Wilson et al.
2005), have shifted upward along elevational gradients as compared to historical
ranges.

Similar upward-elevation trends have been observed with high-altitude-
associated mammals. Several pika (Ochotona princeps) populations across the
Western United States are suspected to have gone extinct since first observed in the
1930s (Beever et al. 2003). In a followup evaluation, Parmesan and Galbraith (2004)

suggested that extinct populations had occurred at significantly lower elevations
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D. Canning

affect predators that depend on such populations for food.

than surviving populations. A re-creation of Grinnell’s survey of a 3000-m eleva-
tion gradient in Yosemite National Park also suggested elevational shifts among
mammal communities. For example, approximately half of high-elevation species,
including the alpine chipmunk (7amias alpinus) and Belding’s ground squirrel
(Spermophilus beldingi), experienced a narrowing of elevational limits (decreased
range sizes), whereas approximately half of low-elevation species (e.g., pocket
mouse [Chaetodippus californicus| expanded their upper elevation maximum
(Moritz et al. 2008).

Several long-term studies across broader taxonomic groups also report range
shift dynamics. For example, in Britain, the northern margins of many breeding
bird species distributions have moved north by 19 km during a 20-year period
(Thomas and Lennon 1999). Similar trends have been reported for butterflies.
Parmesan et al. (1999) observed that ranges of 22 out of 35 (63 percent) species
of nonmigrating European butterflies have shifted north by 35 to 240 km since
1900. Comparable shifts have been reported for North America and for different
habitat types (NABCI 2010) (fig. 1-1). According to the National Audubon
Society, Christmas Bird Count results suggest that more than half (170 out of
305) of commonly observed species are shifting their wintering ranges northward
by an average of 35 miles (NABCI 2009, 2010; The Audubon Society 2010)

(fig. 1-2). These species include the purple finch (Carpodacus purpureus), wild
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1—Forty-year (1960s—2006) latitudinal distance moved north by North American bird

species across different land use types as observed from Christmas Bird Count data. The greatest
shifts were observed among species associated with urban and suburban habitats. Adapted from

NABCI

2010.

L}

® Winter destination 2005-2006
& Winter destination 1966-1967

1. Marbled murralet

2. Spruce grouse

3. Boreal chickadee

4. Varied thrush

5, Stellar's Jay

6. Pine siskin

7. Pygmy nuthatch

8. House finch

9, Virginia rail

10. Fox sparrow

11. Red-breasted nuthatch
12. Red-breasted merganser
13. Wild turkey

14, Purple finch

15. American goldfinch

16. Ring-billed gull

17. Rufous-sided towhea
18. Snow goose

19. American robin

20. Ring-necked duck

Figure 1
shifting
species.

-2—As the temperature warms across North America, the winter habitat of many birds is

northward. Dotted lines indicate approximate changes in wintering locations of 20 bird
Adapted from The Associated Press and Audubon Society 2010.
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turkey (Meleagris gallopavo), marbled murrelet (Brachyramphus marmoratus),
boreal chickadee (Poecile hudsonicus), and house finch (Carpodacus mexicanus)
(The Audubon Society 2010). The U.S. Committee of the North American Bird
Conservation Initiative has reported that American robins (Turdus migratorius),
tree swallows (Tachycineta bicolor), red-winged blackbirds (Agelaius phoeniceus),
and eastern bluebirds (Sialia sialis) are breeding at least 1 week earlier than 30
years ago (NABCI 2009). In contrast, populations of other species, including the
burrowing owl (Athene cunicularia) and eastern and western meadowlark (Sturnella
magna and S. neglecta, respectively), may continue to decline as climate affects
habitat quality, and lack of adequate habitat limits the ability of species to move
northward (The Audubon Society 2010).

Temporal range shifts also exist in response to climate change. Temporal
changes may be gradual, and indicate wildlife response to individual climate
variables, such as variation in spring temperature. For example, the North Atlantic
Oscillation may affect arrival dates for migratory bird species in New England
(Wilson 2007). Although temporal cyclical climate phenomena may be attributed
to behavior, other research has suggested noncyclical temporal changes. In Mas-
sachusetts, between 1970 and 2002, a 2 °C increase in average temperatures was
accompanied by earlier timing of phenological events for 22 species including wood
duck (4ix sponsa), ruby-throated hummingbird (4rchilochus colubris), ovenbird
(Seiurus aurocapillus), and chipping sparrow (Spizella passerine) (Ledneva et al.
2004). Similar results were observed for birds during a 61-year period in Wisconsin
(Bradley et al. 1999), and particularly among short-distance migrants in Poland
(Tryjanowski et al. 2002). In central New York, four species of frogs are calling 10
to 13 days earlier than observed during the early 20" century, which may signal a
potential shift toward earlier reproductive behavior (Gibbs and Breisch 2001). It also
is suspected that a combination of temporal climate variation affecting ultraviolet
radiation and environmental contamination may contribute to declines in amphib-
ian populations (Beebee and Griffiths 2005, Blaustein et al. 2001).

Environmental Processes Affecting Migration

Wildlife also may be affected by the interaction of spatial and temporal character-
istics of environmental processes. Discussion of climate change often focuses on
impacts on ecological systems. However, the interaction between ecological and
abiotic systems characteristics may hinder a species’ ability to adapt to ecological
changes. Deviation of concurrent timing of abiotic and biotic environmental events
may result in species vulnerability. Annual photoperiod (i.e., sunlight per 24 hours)

cycles are relatively constant, and not related to climatic shifts. In other words, the
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same date each year has approximately the same amount of sunlight regardless

of climatic events. Thus, innate behaviors triggered by length of daylight period
(Gwinner 1996) may not be affected by climate change. Migratory birds often
depend on changes in photoperiod, temperature, and wind to determine timing of
spring and fall migrations (Gwinner 1996, Price and Glick 2002). Similarly, migra-
tory butterflies use sensors in their antennae to determine timing for migration
based on photoperiod (Kyriacou 2010). In short, particular ecological and behav-
ioral events have become synchronized with photoperiod characteristics. Conse-
quentially, species that migrate based on photoperiod characteristics have become
adapted to using resources in winter and summer ranges that are available when a
particular species arrives in the respective range. As ecological communities adapt
to climate change, species behavior based on photoperiod likely will become out
of synch with ecosystem processes in different parts of an organism’s range. It is
unknown whether wildlife will be able to adapt to asynchrony between photoperiod
and ecosystem processes.

Although the preceding paragraphs have focused mainly on flying migratory
species, it is important to note that climate change also impacts nonflying migrants.
Many factors influence the ability of wildlife to migrate over land, including
variation in forage quantity and quality, snow depth, ability to use particular
(“traditional”) areas and migration routes, and water availability (Harris et al.
2009). Long-term changes in any one of these properties may affect migration
success. For example, forage moisture and access to water are important factors in
resource quality for American pronghorn (Antilocapra americana) and influences
migration behavior of this species (Harris et al. 2009). Plant biomass, including
protein content, affects caribou selection of calving grounds and potential
nutritional intake of both females and calves (Griffith et al. 2002). In Alaska and
Canada, changing plant phenology has resulted in earlier visits to calving grounds
by caribou (Rangifer tarandus) since the mid-1990s, and misplacement of forage
availability combined with predation risk could result in a decrease in caribou herd
size (Griffith et al. 2002). In support of such speculation, results of a long-term
study (1988-2003) of caribou on the Québec-Labrador peninsula suggest that both
climate and habitat variables have affected annual spatial and temporal movement
patterns of and habitat use by caribou (Sharma et al. 2009). Regional corridor
networks have been suggested as a means to maintain migration routes within
changing landscapes (Berger 2004), but such efforts require a large amount of
societal cooperation at the local level.

From a societal perspective, presence of mass-migrating species plays an

important role in local and regional economies. For example, wildlife-related
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tourism is an important industry in Africa, and absence of mass-migrating

wildlife (e.g., wildebeests [Connochaetes taurinus] and the predators that rely

on them) could result in great impacts to regional tourism economies. Similarly,
caribou hunting in the Arctic is not only an economic activity, but also a source of
sustenance for native societies (Berkes and Jolly 2001, Sharma et al. 2009). Loss of
the aforementioned economic sectors may force dependent locals to switch to more
traditional yet environmentally intensive practices such as livestock and agriculture
(Harris et al. 2009). In contrast, concern about migration routes could affect
regional economic activity such as development. For example, various types of
development (e.g., energy development) may affect migration routes and potentially
the health of migratory wildlife populations such as mule deer (Odocoileus
hemionus) and pronghorn (Sawyer et al. 2002, 2007), and uncertainty exists about
how climate change may affect such migration routes and related relationships with
particular land uses (Harris et al. 2009). Ultimately, tradeoffs exist between human
resource use and mass-migrating species, particularly if wildlife show fidelity to

particular migratory routes and locations that may be affected by climate change.

Functional Roles Within Ecosystems

There are important implications of climate change on wildlife beyond survival of
the species themselves, such that displacement of land-migrating species as well as
other wildlife may affect the greater ecosystem. For example, large ungulates are
critical for driving ecosystem functions such as enriching grassland production and
replenishing soil nutrients (Harris et al. 2009). In Africa, browsing by ungulates
plays an important role in maintaining cooperative relationships between nectar-
feeding ants and Acacia spp. trees by limiting the presence of antagonistic ant
species (Palmer et al. 2008). However, climate-induced ecosystem changes are

not limited to effects on larger ungulates, but may extend to other prey species.
Increasingly warm early springs in Norway may be influencing humidity and snow
characteristics that affect cyclical population irruptions of lemmings (Lemmus
lemmus) (Kausrud et al. 2008). It is speculated that loss of lemming population
irruptions already may be having profound impacts on nutrient cycling, functioning
of plant groups, and predator populations (e.g., arctic fox [4lopex lagopus] and
snowy owl [Bubo scandiacus]) (Kausrud et al. 2008). In northern New York,
projected changes in spring runoff may affect distribution of beaver (Castor
canadensis) populations and associated impounded wetlands, the presence of
which is depended upon by mink frogs (Rana septentrionalis) for mating and
reproduction (Popescu and Gibbs 2009). Ultimately, the climate-related impacts on

one species may have cascading effects on other species within an ecosystem.
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No consensus exists on which wildlife species are most vulnerable to effects of climate change.

Researchers have not reached consensus on which wildlife species are most
vulnerable to the effects of climate change. Some suggest that long-distance
migratory species may be particularly vulnerable because of their dependence on
the interaction between abiotic cues and ecological resources, as described in this
section (NABCI 2009, 2010; Price and Glick 2002; Price and Root 2005; Robinson
et al. 2009). However, nonmigrating leaf-feeding insects and other herbivores also
can exhibit phenological synchrony with host plants (van Asch and Visser 2007).
Others suggest that species with limited climatic ranges (e.g., alpine species such
as pikas) or restricted reproductive strategies or physiologies may be most at risk
(Issac 2009, Tewksbury et al. 2008). For example, many small mammals such
as mice (e.g., Peromyscus spp.) are capable of breeding multiple times per year,
whereas many larger mammals (e.g., black bears, Ursus americanus) reproduce on
an annual cycle only. Regardless of vulnerability, researchers speculate that climate
change may affect morphological and genetic species traits (Issac 2009, Root et al.
2003), which has potential to affect species-habitat relationships. There is a great
need to better understand the spatial and temporal adjustments that wildlife will
have to make to climate-induced habitat changes (described in the next section),

which ultimately is a concern for all wildlife.
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Impacts of Climate Change on Wildlife Habitat

The previous section highlighted ecological and behavioral responses of wildlife

to climate change. However, climate change impacts to wildlife also may include
disturbances that drive changes in wildlife habitat. Examples of climate-influenced
changes that may indirectly affect wildlife are variation in vegetation community
composition or other ecosystem components, as well as pest outbreaks and other
disturbances such as wildfire. Some species may be relatively more sensitive to
overall habitat change than other species. For example, amphibians have received

a large amount of recent attention in that the presence of additive habitat-related
elements (e.g., chytrid fungus [Batrachochytrium dendrobatidis]) has had poten-
tially major impacts on their populations. Other factors that may affect habitat, such
as the interaction between land use and climate change, are only now becoming a

focus of research.

Relationships Between Vegetation and Wildlife

Vegetation type, often identified as a main characteristic of land cover (e.g.,
evergreen forest), is an important predictor of species occurrence. Temperature
(Korner 2007) and interaction between position and temperature (Korner and
Paulsen 2004) often are considered primary drivers of plant species distribution,
although other factors also may be influential, such as precipitation, disturbance,
and community interactions (Harsch et al. 2009). Globally, many researchers have
suggested that plant communities are shifting toward the poles, upward in elevation,
and blooming earlier in the season, any of which likely will affect the wildlife that
depend on them.

Research has identified relationships between treeline range shifts and climate
variables. In a meta-analysis, Harsch et al. (2009) evaluated a global data set of 166
sites across more than 100 studies for which treeline dynamics since 1900 could
be classified; most sites were in North America or Europe. The authors observed
recruitment of treelines at increasingly higher altitudes or latitudinal advance-
ment of treelines at 87 out of 166 sites, which corresponded with sites that also
exhibited warming during the winter months. Treelines with diffuse form (gradual
merge between tree communities or to treeless areas) were strongly associated
with changes in annual and winter temperatures. In contrast, shift of abrupt and
krummbholz (stunted) treelines were more associated with winter warming and were
potentially affected by other constraints on tree survival (e.g., wind, ice) (Harsch
2009). At a regional level, 78 percent of 542 leafing, flowering, and fruiting records
across 21 European countries were observed to have advanced in latitude since
1971 (Menzel et al. 2006). Along with trees, herbs, and shrubs, even symbiotic
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organismal groups such as lichens are susceptible to range shifts that would be
projected by climate change (Parmesan and Yohe 2003).

Vegetation range shifts that may affect the distribution of habitat also may be
influenced by interactions between climatic variables and disturbance. In New
Mexico, Allen and Breshears (1998) reported a >2-km shift in ponderosa pine
(Pinus ponderosa Dougl. ex Laws.) and pifion-juniper woodland over a 5-year
period, a result of several interrelated climate-influenced events. In the same study,
a combination of drought, fire suppression, and a bark beetle outbreak may have
been factors in a concurrent expansion of the pifion-juniper community. Pifion-
juniper eventually may have competed with the ponderosa pines for limited water,
which resulted in enhanced susceptibility of the ponderosa pines to bark beetle
attack and related mortality (Allen and Breshears 1998). Ultimately, climate change
impacts on plant communities could affect temporal aspects of resource use and
consumption by dependent wildlife species, and survivorship of dependent wildlife
populations.

Integration of climate model simulations with bioclimatic variables suggest
shifts in vegetation taxa to continue with anticipated changes in climate. Shafer et
al. (2001) suggested that projected range changes for particular tree and other spe-
cies may be multidirectional, and could result in range fragmentation, both of which
may affect associated wildlife. In an analysis by Iverson et al. (2008), a simulation
modeling approach was used to project suitable habitat for 134 tree species across
the Eastern United States. Results suggest that approximately 66 species would gain
suitable habitat (e.g., southern oaks and pines), whereas 54 species would lose at
least 10 percent of their current suitable habitat (e.g., spruce-fir). Range shifts were
predicted to move up to several hundred miles in a generally northeastern direction.
From the same study, the authors concluded that proactive means to lower green-

house gases may limit range disruptions (Iverson et al. 2008).

Disturbance

It is expected that climate change will affect the frequency, extent, duration, and
severity of disturbances, but a challenge exists in projecting specific outcomes
(Dale et al. 2000). Individual disturbances may affect landscape structure or
composition, which in turn affect wildlife habitat (Inkley et al. 2004). Even though
disturbance is part of the natural landscape, climate-influenced variation of
disturbance occurrence may affect the ability of wildlife to respond and adapt to
individual disturbances.

Insect infestations within forest ecosystems is one type of disturbance that

is believed to be affected by climate change. It has been speculated that warmer
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winters and summers and reduced summer precipitation have facilitated mountain
pine beetle (Dendroctonus ponderosae) outbreaks in western Canada (Kurz et al.
2008) and the expansion of this pathogen’s range into previously uninfected forests
and different forest communities (Logan and Powell 2001). In Alaska, a combina-
tion of higher than average summer temperatures, increased winter survival of the
spruce beetle pathogen, shortened pathogen maturation rate (2 years to 1 year),
regional drought, and an adequate number of spruce trees all were likely contribu-
tors to a massive spruce beetle outbreak during the 1990s (Berg et al. 2006). The
same authors suggested that continued warming trends may result in beetle popula-
tions being great enough to infect trees as soon as trees are mature enough to be
susceptible to the insects. Insect infestations and resulting tree mortality have been
estimated to cause as much as twice the diminution to forests as other disturbances
in the boreal forests of Canada (Volney and Flemming 2000). As such, climate-
induced projected increases in infestation occurrence and range (Williams and
Liebhold 2002) are expected to have potential to cause changes to not only wildlife
habitat, but also other forest processes such as carbon sequestration (Volney and
Flemming 2000).

Changes in both climate and habitat variables, such as those that affect forage moisture and water
availability, have potential to affect migration behavior of pronghorn.
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The number and severity of forest fires are expected to be affected by climate
change. Flannigan et al. (2000) used two general circulation climate models to
project climatic effects on forest fire severity. Forest fire severity was projected
to increase between 10 and 50 percent for most of the United States, but details of
the projections differed between climate models. Integrating projections from both
climate models, the same authors suggested a majority of increases in fire sever-
ity may be expected in Alaska and the Southeastern United States, whereas other
climate variables may result in lower expected fire severity in other locations (e.g.,
northern Great Plains). It is important to note that many locally affected variables
(e.g., fuel load and type) were not included in these projections, and inclusion of
them may lead to potential forecasting variation at a local level (Flannigan et al.
2000). Ultimately, fire occurrence likely will affect community composition and
result in variation in habitat available for particular wildlife species.

Climate-affected disturbance also may influence the ability of exotic species to
invade and potentially outcompete native vegetation. In southeastern Texas, Har-
combe et al. (1998) suggested that frequency and intensity of natural disasters, such
as hurricanes, floods, and droughts, may have more profound effects on changes
to the vegetation community than climate-induced changes on individual species
growth rates. From the same study, results of long-term observation indicate that
presence of Chinese tallow (Triadica sebifera (L.) Small.) or Sapium sebiferum (L.)
Roxb.), which establishes itself in gaps within the forest, has increased in population
size by a factor of 30 between 1981 and 1995. This range expansion may be attrib-
uted to the fast-growing Chinese tallow outcompeting other species (Harcombe et
al. 1998), a process that is expected to continue to spread as winter freeze extent
and severity shift northward. If the frequency of natural large-scale disaster distur-
bances increases the frequency of forest disturbance, then fast-growing exotics such
as Chinese tallow may interrupt establishment of native forest communities and

reduce regeneration of plant species depended upon by wildlife.

Microclimate

Climate-related impacts present special conservation challenges for particularly
abiotic-sensitive species such as amphibians (Carey and Alexander 2003), which
may serve as indicators of environmental stress (Blaustein and Wake 1995). As
noted in the preceding section, such species are known to respond to stresses initi-
ated by regular oscillations such as El Nifio (Pounds and Crump 1994). For exam-
ple, an increase in amount of ultraviolet radiation as a result of climate variation has
been observed to affect survivorship of amphibian eggs and embryos (Kiesecker et

al. 2001). Amphibians also are susceptible to changes in water availability, which
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has been associated with warming-influenced dry periods (Pounds et al. 1999).
Consequently, progressive climate-influenced factors may be additive when other
stressors act on amphibian populations simultaneously. For example, a combination
of ultraviolet radiation and toxins (e.g., pesticides) may enhance the potential of
each to contribute to amphibian mortality (Blaustein et al. 2003) (fig. 1-3). Some
researchers have suggested that climate change may play a role in creating better
growing conditions for chytrid fungus, which has been attributed to the decline of
mass extinctions of amphibians (Pounds et al. 2006). However, others argue that the
causal link between chytrid fungus and global warming is not well supported at this
time (Rohr et al. 2008). In fact, the long-term observation of declines in amphibian
and lizard species in Costa Rica suggest that the chytrid fungus, which is specific
to amphibians, may be an additive factor of mortality in addition to the greater
potential threat of climate change (Wake 2007). In the same study, the authors sug-
gested that trees are retaining leaves longer, and decomposition rates may be faster,
both of which decrease potential refuge for wildlife on the forest floor and decrease
an important environmental component for amphibians and reptiles. However,

Wake (2007) suggested the need to test such inferences further.

Interaction Between Climate Change and Land Use

Climate change impacts also may be enhanced by concurrent human-caused drivers
of habitat change. Many researchers have evaluated direct effects of disturbance
on particular species resulting from land use. For example, Laliberté et al. (2010)
observed an inverse relationship between land use intensification and both diversity
among traits representing plant function (e.g., leaf size, nutrient uptake strategy)
and response to disturbance (e.g., resprouting ability, age of reproduction), which
suggests that land use intensification may decrease the resiliency (ability to suc-
cessfully respond to stressors) of the overall affected ecosystem. If plant resiliency
decreases, then it is possible that dependent wildlife will be increasingly vulnerable
during disturbances.

Ultimately, however, few studies evaluate concurrent interactions between
climate change and land use and resulting effects on wildlife habitat. Warren et
al. (2001) observed that a majority of 46 British butterfly species that may have
responded positively, via range expansion, to climate-induced changes suffered
negative responses to habitat loss from development. Ultimately, habitat generalists
adapted more successfully to both disturbances than habitat specialists (Warren
et al. 2001). In another example, bird community composition change on Cape

Cod since 1930 was suggested to be attributed more to global warming than to
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Stressors

Ultraviolet-B

\/

Immune system
depression

Elevated rates
of infection

Increased mortality
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declines

Figure 1-3—The simultaneous interactions between biotic and abiotic factors or stressors affecting
amphibians. Either ultraviolet-B (UV-B) radiation or contaminants alone may affect mortality. For
example, UV-B may depress the immune system, leaving species more susceptible to infection.
Contaminants and UV-B radiation interacting together could heighten lethal effects. Ultimately,
individual stressors or combinations of stressors may lead to declines in amphibian populations.
Adapted from Blaustein et al. 2003.

urbanization (Valiela and Bowen 2003). From the same study, observations included
increase in southern-associated species across all local habitat types, and decrease
in northern-associated species since 1970. Although changes in northern-associated
species since 1970 may be attributed to land cover change (increase in edge habitat
from urbanization), collective changes were more associated with temperature
increases than land use. McAlpine et al. (2009) argued the need to evaluate interac-
tions between climate and land cover, and the importance of vegetation in main-
tenance of regional climatic conditions. Focusing on the Australian continent, the

authors suggest that historical clearing for agriculture (approximately 15 percent of
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the continent) and other land use changes that resulted in removal of native vegeta-
tion not only reduced ecosystem resilience but also may have contributed to climate
changes across the continent. Such drastic change may have drastic implications
for wildlife at the continental level, but this assertion has not been tested. Although
beyond the scope of this paper, it is speculated that both climate change and land
use change may have profound effects on sediment load in streams within the Alps,
which in turn may affect brown trout (Salmo trutta) habitat (Scheurer et al. 2009).
In the end, potential interactions between climate change and land use effects on
wildlife may suggest a need to consider both factors in planning processes and

mitigation policy (McAlpine et al. 2009).

Impacts of Climate Change Mitigation on
Wildlife Habitat

As landscape conditions respond to climate change, resource managers will be
forced to respond to the new landscape conditions as well as any related climate
change policy. Mitigation for climate change, defined as policies or actions that
seek to decrease the impact of climate change, likely will influence decisions about
land use. In turn, wildlife habitat likely will be affected by decisions about land use
such as afforestation, carbon and bioenergy markets, and incentive programs for
landowners. Interactions between mitigation and adaptation activities also will play
arole, although very little currently is known about such interactions and will not

be discussed further here.

Afforestation

Policies supporting afforestation may affect amount of habitat available for wildlife,
as well as habitat quality. Increased area and quality of wildlife habitat, particularly
for forest species, is a possible co-benefit of conversion of land use from row-crop
agriculture to forest land. Matthews et al. (2002) used econometric models of land
use to simulate the response of landowners to planting trees on land currently used
for agriculture in South Carolina, Maine, and southern Wisconsin. These models
then were used in combination with breeding bird survey data to evaluate responses
of forest and farmland bird populations. For a scenario of 10-percent conversion of
agriculture for carbon sequestration, projected land conversion between agriculture
and forest differed in amount from state to state. Following these projected changes
in land use, results from Matthews et al. (2002) also suggested overall losses of
farmland birds, and only small increases in forest bird species. However, from the
same study, overall total bird populations were projected to decrease between 1

and 3 percent across all three states. The authors suspected that these differences
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were effects of overlaps between econometric predictions of locations converted and
spatial patterns of bird species richness. Ultimately, tradeoffs between biodiversity
and economic benefits will need to be evaluated by policymakers and landowners.

Other research has evaluated the potential benefits for afforestation, such as
conservation of wildlife habitat, which may be derived from carbon sequestration
programs in the upper Midwestern United States (Feng et al. 2007, Plantinga and
Wu 2003). Decreased soil erosion, nitrogen pollution, and atrazine pollution were
among additional benefits that could be derived from the afforestation program, in
addition to improvement of wildlife habitat (Plantinga and Wu 2003). From the same
study, the authors suggested that overall benefits derived from the program would
be the same order of magnitude as the costs associated with the carbon sequestration
program. Feng et al. (2007) expanded earlier work by suggesting
that particular benefits and transfers of them may vary geographically.

Although afforestation may offer a means to provide additional habitat for wild-
life, particularly forest species, unintended consequences that affect other ecosystem
components are possible. In Ireland, policy was initiated to double the percentage of
forest land by 2035 (Allen and Chapman 2001). From the same study, thus far, affor-

estation efforts and resulting update and storage (by trees and soil) of water have

led to a reduction in precipitation runoff by as much as 20 percent. However, new

Gary Wilson, Natural Resources and Conservation Service

Expanded afforestation as part of climate change mitigation could provide additional habitat
for wildlife.
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forestry operations have the potential to enhance risk of flooding within the area.
In addition, a slower rate of groundwater recharge occurred, along with concerns
about water quality (Allen and Chapman 2001). As another example, Thompson

et al. (2009) suggested that afforestation efforts may be a factor in absorption of
more solar radiation by forests and result in local warming temperatures. This local
warming may neutralize or counter efforts to offset climate change by afforestation
(Thompson et al. 2009). As such, the authors suggested a geographically targeted
approach that seeks to increase forest land in locations naturally occupied by

forests.

Carbon and Bioenergy Markets

The emergence of natural resource markets, such as for carbon and bioenergy, may
result in changes for wildlife habitat. Ultimately, however, negative impacts of
market-associated activities to some species likely will result in positive impacts

to others. From an economic perspective, participating landowners may seek to
maximize net financial returns from land management activities. For example,
because older trees typically can store more carbon, some landowner decisions

in response to carbon markets may include longer rotation times between timber
harvests (White et al. 2010). An increase in rotation times between forest harvests
could result in a decrease in habitat for early- to mid-succession wildlife species. At
the same time, longer rotation times also may be beneficial for species that prefer
relatively older growth forest habitat. Likewise, a decrease in number of timber
harvests over time may result in decreased forest fragmentation.

Emergence of bioenergy markets also may result in both positive and negative
impacts to wildlife habitat. Fargione et al. (2009) suggested that impacts from bio-
fuels production run on a continuum between low and high wildlife habitat benefits
(table 1-1). An example from the continuum suggests that cropland may hold less
potential benefit for wildlife than diverse native habitats. Plant community research
supports the notion that greater plant diversity is directly related to community pro-
ductivity (Spehn et al. 2005, Tilman et al. 2001) and carbon storage (Tilman et al.
2001), and that limited diversity can affect other nonplant species and trophic levels
within the ecosystem (Knops et al. 1999). Other research speculates that biomass
feedstock may have a greater negative impact on wildlife if planted in marginal
cropland than if planted within its respective geographic range with associated
wildlife species that depend on it as a habitat resource (Fargione et al. 2009).

Although positive and negative effects of biofuels feedstock production on
wildlife habitat have been identified conceptually (Bies 2006), research results

are starting to emerge that focus on site-specific examples. Walter et al. (2009)
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Table 1-1—Factors influencing wildlife habitat value and impacts on wildlife as related to bioenergy crops

Factors Better for wildlife Worse for wildlife

Habitat type Diverse native habitats

Plant diversity Diverse native grasslands/forests Exotic monocultures
Invasiveness of planted material Native, noninvasive Nonnative, invasive
Harvest and disturbance timing Late fall, early spring Breeding or nesting season
Harvest frequencies Single harvest not more than once per year Multiple harvests per year
Stubble height postharvest Tall stubble or regrowth Little or no stubble

Habitat refugia Unharvested area within field No unharvested area nearby
Landscape context Complex of habitat patches Isolated habitat patches
Type of land use replaced with biomass Marginal cropland Native habitat

Fertilizer use Minimal

Pesticide use Minimal

Soil erosion and sedimentation Perennial plants and low erosion Annual plants and high erosion

Adapted from Fargione et al. (2009).

evaluated impacts of conversion of cropland to native grassland, forest land, and
aquatic vegetation on white-tailed deer (Odocoileus virginianus) within the DeSoto
National Wildlife Refuge in eastern Nebraska. During the study, cropland (corn,
soybeans, sorghum, alfalfa, and wheat-clover mix) was reduced by 44 percent
between 1991 and 2004. Changes in plant communities did not affect overall
landscape use by deer, but deer did shift home ranges to access remaining cropland
(Walter et al. 2009). The authors suggested that such home range shifting may
influence disease transmission rates as a result of new interactions between deer

social groups (Walter et al. 2009).

Incentive Programs for Landowners

There are many means by which private landowners may derive benefits from their
land while managing land for wildlife habitat. For example, hunting leases may
provide forest-land owners extra income while also promoting biodiversity (Johnson
1995). Researchers also have assessed economic benefits of landowners adopting
“green” practices, such as conservation tillage (Kurkalova et al. 2006). More
broadly and formally, incentive programs may serve as a vehicle to entice private
landowners to manage land in ways that are beneficial for habitat of particular
wildlife species. For example, incentives created by the U.S. Department of
Agriculture Conservation Reserve Program (CRP) have influenced availability of
wildlife habitat. Establishment of more than 985,000 acres (398 615 ha) of
grasslands coincided with a large increase in Henslow’s sparrow (Admmodramus
henslowii) populations in Illinois (Herkert 2007). Similarly, Niemuth et al. (2007)
projected that loss of CRP lands would result in large declines in grassland bird

populations among the prairie pothole region of North and South Dakota. Other
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incentive programs, such as the CRP Longleaf Pine Initiative, target a particular
vegetation species. This program seeks to restore up to 250,000 acres (101 171 ha)
of longleaf pine forests in nine Southern States, the benefit of which includes
enhancement of native wildlife habitat (USDA 2006) and may also contribute to
carbon sequestration.

As another example, the Wetlands Reserve Program is a voluntary program
managed by the USDA Natural Resources Conservation Service (NRCS) that offers
landowners the opportunity to protect, restore, and enhance wetlands on their
property (USDA NRCS 2010). The NRCS goal is to achieve the greatest wetland
functions and values, including wildlife habitat, and the agency provides technical
and financial support to help landowners with wetland restoration efforts. Thus, this
program offers landowners an opportunity to establish long-term conservation and
wildlife practices and protection. There are three enrollment options: (1) permanent
easement, (2) 30-year easement, and (3) restoration cost-share agreements. The
2008 Farm Bill changed the process for determining the easement value, increased
the number of acres that could be enrolled, and set guidelines for payments and
landownership tenure. By 2008, approximately 2 million acres (809 371 ha) nation-
wide were enrolled in the Wetlands Reserve Program. In the next chapter, Alig et
al. discuss how such programs and climate change programs could influence value
of ecosystems services and land values, thereby influencing landowner behavior
regarding land conservation and climate change mitigation.

It is suspected that private lands will play an important role in future biodiver-
sity conservation. Two-thirds of all watersheds that are associated with privately
owned forest land contain at least one at-risk species that is listed under the U.S.
Endangered Species Act or ranked globally (Robles et al. 2008, Stein et al. 2010).
The same studies show that many of the watersheds with the greatest number of
species and highest density of each species are located in states within the southeast
and within Appalachia, as well as along the Pacific coast. These locations also
align with the highest proportion of estimated private forest conversion during the
next 20 years (Robles et al. 2008). The authors suggested conservation easements
and other incentive programs as potential vehicles to maintain biodiversity through
landowner forest management programs.

Besides forest management programs, other competing land uses such as
agriculture may be targeted for maintenance of wildlife habitat and promotion of
biodiversity. From an economic perspective, Feng et al. (2006) evaluated alterna-
tive approaches to conservation on the same parcel of land: retirement of land from
production versus a change in farming practices on working land. The authors

concluded that changes to working land were more cost-effective to the landowner
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if the objective is low levels of environmental benefits, such as a single benefit of
erosion reduction, carbon sequestration, or wildlife habitat. However, land retire-
ment was suggested to be more cost-effective if multiple benefits were sought, such
as a combination of the aforementioned benefits (Feng et al. 2006). Plantinga (1996)
also evaluated tradeoffs between keeping marginal farmland in production or con-
version to forest to increase other environmental benefits, and suggested that many
of the derived benefits from retiring agricultural land would result in enhancement
of public goods (e.g., wildlife habitat, scenery, carbon sequestration, reduced soil
erosion). However, Nelson et al. (2008) suggested that tradeoffs will exist between
meeting objectives of policies designed to promote carbon sequestration and habitat

conservation in heterogeneous landscapes.
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Impacts of climate change on timing of production of seasonal forage such as buds, insects, flowers,

and berries may affect the ability of species such as the ptarmigan (Logopus spp.) to meet food
resource needs, particularly during young-rearing periods.

Carbon markets were highlighted in the preceding section as related to miti-
gation that may result in changes to wildlife habitat. Building upon this notion,
emerging carbon markets also may serve as an incentive program for promoting
land management for wildlife habitat. Diaz et al. (2009) described compliance and
voluntary markets as the two existing categories of carbon markets in the United
States. Compliance markets function through regulatory organizations that limit
the number of offset allowances (for the polluter) and credits (for offseting pol-

lution activities) that are available throughout a marketplace. Commonly called
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cap-and-trade systems, such a system was established by the U.S. Environmental
Protection Agency to reduce pollution as part of the Acid Rain Program (Diaz et al.
2009). Essentially, pollution allowances not used by one organization may be sold to
another organization that has not met emission reduction requirements. Voluntary
markets, however, function as an altruistic mechanism for which participation is
influenced by responsibility to society. As noted by Diaz et al. (2009), the two cur-
rent types of voluntary carbon markets are the Chicago Climate Exchange and over-
the-counter transactions. The Chicago Climate Exchange involves trading emission
allowances and credits among member companies, whereas over-the-counter
transactions are based on privately established contracts (Diaz et al. 2009). In terms
of actual transactions, buyers of ecosystem services purchase carbon credits on the
Chicago Climate Exchange to offset activities that emit greenhouse gases. In turn,
the Chicago Climate Exchange buys credits from projects that offset the accumula-
tion of greenhouse gases in the atmosphere. Many existing forestry programs that
can enhance wildlife habitat also offset greenhouse gas emissions, and some are
already generating income for forest-land owners. However, the total dollar amount
of traded projects has been relatively limited, and carbon prices on the exchange in
recent times have fallen below $1 per ton (see chapter 2).

Regarding the future, there is substantial interest in identifying approaches
and policies to minimize impacts of climate change on wildlife. Mawdsley et al.
(2009) suggested strategies for wildlife management and biodiversity conservation
as related to anticipated impacts of climate change. Strategies described include,
among others, increasing size of protected areas, designing new natural areas and
restoration sites, protecting land to increase connectivity, managing for ecosystem
processes, reducing deforestation (e.g., Alig et al. 2010a), and enhancing the land-
scape to support movements by many species. Incorporating anticipated impacts of
climate change into any land management plan and programs likely will be costly
and difficult to implement across all involved organizations (Mawdsley et al. 2009).
Any strategy is likely to require cooperation with private landowners. For example,
increasing the size of a protected area likely will need to account for private land
holdings beyond the protected area boundary. At the same time, policies that
specifically target wildlife habitat may not maximize other benefits (Nelson et al.
2008). At this time, there is a need to develop knowledge about which strategies

may be feasible, ethical, and potentially successful.
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Linkages of Climate Change Model Projections and
Impacts From Global to Local Scales

Conceptually, the process of projecting adaptation to and mitigation in response
to climate change impacts on wildlife requires multiple levels of analysis, and
consideration of wildlife habitat at a unit of observation (or scale) appropriate for
ecology of individual species and meaningful to a policy analysis. Thinking hier-
archically and within a systems analysis perspective, a constellation of individual
assessment tools may be used, such as global climate models, regional climate
models, vegetation (e.g., forest inventory projection) and land cover and land use
models, species-level bioclimatic envelope models, and site-specific analyses that
may consider local abiotic and biotic characteristics (Hannah et al. 2002, Sulzman
et al. 1995). All of these components also need to be able to model key feedbacks,
both positive and negative. Because of constantly evolving technology, rapid
information exchange, and broadening intellectual resources, the process of climate
change research and projection modeling is extremely dynamic. We provide a brief
review of assessment tools, but because of limited understanding about interactions
between possible future adaptation and mitigation activities, that topic is left for
future research and is not covered here.

The constellation of assessment tools spans from global to local. Broadly at
the global and limited regional levels, general circulation models (GCMs) simulate
atmospheric characteristics (e.g., radiation, precipitation) and interactions between
the atmosphere and land surface characteristics that affect climate (e.g., oceans,
land topography) (Sulzman et al. 1995). General circulation models are used by
climate policy authorities (IPCC 2007), and are updated continuously with develop-
ment of new research tools (Pope et al. 2002). Variation in prediction exists among
GCMs, as each differs based on parameterization characteristics such as resolution
of analysis (Murphy et al. 2004). The GCMs are a typical starting place for project-
ing climate change effects on biodiversity because they are the only tools that can
consider broad complex atmospheric processes and variability (Hannah et al. 2002,
Murphy et al. 2004).

To evaluate effects of climate change on biodiversity, GCMs often are used
in tandem with land cover and land use models (Sulzman et al. 1995; see Peng
and Wen (2006) for an overview of major types of forest simulation models).
Ravenscroft et al. (2010) used the forest ecosystem model LANDIS-II to evaluate
projected interactions of forest management and climate change in northern
Minnesota. Results suggested that climate change may result in an overall

decreased forest-tree diversity, and replacement of current forest composition
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by other dominant tree species. As another example, Cramer et al. (2001) used

an ocean-atmospheric model coupled with a combination of six dynamic global
vegetation models (DGVMs) to estimate impacts of climate change on vegetation
carbon and water exchange and carbon storage. From this study, results differed
among DGV Ms, but all six models projected similar trends in decreasing carbon
storage (sink) after 2050. The authors suggested the projected decrease in carbon
storage to be partially a result of respiration among heterotrophs (species that do not
photosynthesize their food), projected variation and reductions in precipitation, and
deforestation (Cramer et al. 2001).

In addition to DGV Ms, investigators also have used biogeochemistry and
biogeographic models that simulate the gain, loss, and internal cycling of carbon,
nutrients, and water. Biochemistry models project climate impacts on changes
in temperature, precipitation, soil moisture, atmospheric carbon dioxide, and
other climate-related factors, which can be examined for their influence on such
processes as ecosystem productivity and carbon storage. Biogeographic models
examine the influence of climate on the geographic distribution of plant species
or plant types such as trees, grasses, and shrubs. For example, Alig et al. (2002)
used scenarios representing combinations of climate projections from two GCMs
(Canadian and Hadley), which in turn were fed into two ecological process
models that are classified as biogeochemical models (Century and Terrestrial
Ecosystem Models) (Irland et al. 2001). The latter models simulate the impacts of
climate on forest productivity. Estimates of changes in forest productivity were
fed into the FASOM-GHG' economic optimization model (Alig et al. 2002). The
modeling includes forest land converted to urban/developed (Alig et al. 2010b)
and agricultural uses, as well as afforested land, with responses to different policy
incentives such as carbon prices (Alig et al. 2010a). The authors presented a wide
variety of outputs, including changes in forest age classes, forest types, vegetation
carbon, and other attributes that may affect wildlife habitat.

Climate change is expected to influence multiple sectors of the global economy.
Agarwal et al. (2002) described methods for integrating land use change models
into evaluations of impacts of climate change. As related to the forest sector, cli-
mate change effects on forests may consequently impact the forest product market
(Perez-Garcia et al. 2002a, 2002b). Sohngen et al. (2001) projected that timber
production will increase in low- and mid-latitude forests as a result of planting of
short-rotation plantations, whereas higher latitude areas may experience a decrease

in production based on planting of relatively long-rotation species. Irland et al.

" Forest and Agricultural Sector Optimization Model-Greenhouse Gas.
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Climate change may affect both market and nonmarket segments of the forest sector.

(2001) suggested that climate change may affect not only forest products, but also
nonmarket sectors of the forest economy such as forest-based outdoor recreation.
The authors suggested that particular activities that rely on winter precipitation,
such as downhill skiing, may be affected by climate change, but potential impacts
are uncertain.

Returning the focus to individual species and communities, another type
of model used to evaluate impacts of climate change on wildlife are climate (or
environmental or bioclimatic) envelope models. These models consider the distribu-
tion of a species as under an “envelope” of particular environmental conditions, and
then evaluate how the location of the envelope may change under different climate
change scenarios. Lawler et al. (2009) used a climate envelope approach coupled
with 30 scenarios developed by use of an atmosphere-ocean general circulation
model (AOGCM) to project changes in geographic ranges of 2,954 vertebrate
species (amphibians, birds, and mammals) in the Western Hemisphere. The authors
reported that climate change projections suggest varying amounts of species losses
and gains across the Western Hemisphere. Ultimately, the same authors projected
relatively large changes in local species communities (fig. 1-4). From the same
study, it is expected that the greatest changes would be among amphibians and,
at higher latitudes and in the Andes Mountains and Central America (including

Ralph Alig
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Figure 1-4—Predictions of species composition turnover for (A) amphibians, (B) birds, and
(C) mammals as a result of climate change. Such turnover may result in drastic differences in
composition of local wildlife communities. Adapted from Lawler et al. 2009.

Mexico), all vertebrate groups (Lawler et al. 2009). For climate envelope models,
some research suggests that occurrence of rare species may be more sensitive to
stochastic events than more common species (Green et al. 2008), that spatial scale
of analysis is of considerable importance (Pearson and Dawson 2003), and that
results may differ based on species used in the analysis (Araujo et al. 2009, Beale
et al. 2008). However, such models may be useful tools for policymakers for evalu-
ating environmental indicators of interest.

Several other modeling techniques may be used to link wildlife habitat infor-
mation to climate change projections, and are mentioned only briefly here. For
example, ecological niche models incorporate a computer algorithm and spatial
data layers to estimate potential distribution of species. Peterson (2003) coupled
ecological niche and climate model scenarios to evaluate the role of topography
in affecting distribution of bird species in the western and central North America.
As another example, Maxent models are used to integrate land cover and climate-
related variables to assess habitat suitability (Stabach et al. 2009). In addition,
simulation models and tools that may be parameterized with wildlife life history
information are used to evaluate effects of landscape change on individual species
(Lookingpbill et al. 2010, Schumaker et al. 2004).

It is important to note, however, that any modeling approach to address global
climate change has its limitations, and projections should be interpreted with
caution. Even with efforts to obtain the best analytical results, to state implications

of model projections across scales (global to local) requires the user to make
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assumptions about how results of one model may connect to or integrate well with
the parameters of another model. As noted earlier in this section, climate model
projections can differ widely based on parameterization methods (Murphy et al.
2004). It is also difficult to evaluate performance of climate models, as future
environmental characteristics are unknown (Aragjo et al. 2005, Thullier 2007). In
fact, some researchers suggest a coarse-filter approach and other spatial analysis
tools rather than coupling projection models with high uncertainty (Beier and Brost
2010). Additionally, because vegetation land cover and particular microhabitat
features are important components of wildlife habitat, projecting climate impacts on
vegetation communities is an important linkage for assessment of climate impacts
on wildlife, and often is not considered when coupling GCMs and species range
maps to make projections (Botkin et al. 2007). Although a critique of different
modeling tools is beyond the scope of this paper, Botkin et al. (2007) provided a
comprehensive comparison of different methods to project effects of climate change
on biodiversity.

Thinking Toward the Future

Climate change is a complex and far-reaching issue, both spatially and temporally,
and involves a relatively large amount of uncertainty even beyond the typical
human inability to predict the future. Both adaptation and mitigation actions in
the future are unknown, as is their interaction over time and space. An adaptive
process will facilitate incorporation of research results into management, as well as
ongoing consideration of land-use changes, forest management, wildlife manage-
ment, mitigation alternatives, and society’s willingness to undertake actions to
formulate policy alternatives and confront other components of the global climate
issue. Needs for additional knowledge focus, for example, on the following areas:
*  For individual species and populations, we have the most empirical
knowledge about range shifts and migration patterns; less is known about
nonmigratory species, particularly over the long term.

» Effects of range shifts on competition between new species and species
already within an area, and adaptive behaviors of species that are success-
fully adjusting to climate change impacts.

*  Small-scale studies to verify and validate large-scale patterns and modeling
projections (Root and Schneider 2006).

* Assessment of multiple stressors such as direct and additive impacts of
concurrent land use and climate change (Inkley et al. 2004), and potential
climate-related effects on landscape characteristics such as habitat

connectivity. Few studies have incorporated empirical land use and climate

27



GENERAL TECHNICAL REPORT PNW-GTR-837

28

data concurrently (see McAlpine et al. 2009), particularly for building

of (see Knowlton and Graham 2010) and application to (see McRae et al.
2008) models designed to make projections for individual plant and animal
species.

* Indirect effects of multiple climate-related abiotic stressors, such as the
aforementioned cascading effects of precipitation, snowmelt, erosion, and
sediment loads in rivers on trout habitat and spawning (Scheurer et al.
2009).

» Integrating projected climate-related impacts on vegetation communities
to make stronger linkages between GCMs and wildlife information (Botkin
et al. 2007).

* Assessment of vulnerability of species in habitats in proximity to develop-
ment, and evaluation of adaptation strategies for and adaptive management
of climate change impacts on wildlife and wildlife habitat. Mawdsley et al.
(2009) suggested numerous potential adaptation strategies as a foundation,
but more research is needed to determine the feasibility, ethics, and poten-

tial success of such strategies.

Climate change is a complex and uncertain issue. It affects and is affected by
both natural and social systems at multiple scales ranging from global to local. In
one perspective, more weight may be warranted for short-term research that may
support and inform management and policy decisions regarding both adaptation and
mitigation. For the case of wildlife, for which potential ability to adapt to chang-
ing conditions may be limited, there may not be time to pursue long-term research
while avoiding varying levels of extinction. Rather, research results may be valu-
able as information to use within broader and immediate adaptive management
processes dealing with climate change, while also maintaining natural resource

management and societal objectives.

English Equivalents

When you know: Multiply by: To get:
Meters (m) 3.28 Feet
Kilometers (km) .621 Miles
Hectares (ha) 247 Acres

Degrees Celsius (°C) 1.8 °C + 32
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Chapter 2: Land Value Changes and Carbon
Sequestration as an Ecosystem Service in a
Climate-Changed Environment

Ralph J. Alig, Edward A. Stone, and Eric M. White

Introduction

Global climate change induced by anthropogenic release of greenhouse gases
(GHGs), including carbon dioxide (CO, ), may modify the growth and geographic
distribution of forests, as well as productivity of competing land uses. Impacts on
agriculture and forests could arise from increases in atmospheric CO, concentra-
tions, change in temperature regimes, and variations in patterns of rainfall over the
course of a year. Shifts in global climatic conditions could affect agricultural crop
and forest growing conditions, and hence land values for those uses. Climate change
policies may in turn affect land and resource markets, thereby modifying land
values, land use, and forest cover distribution. A broad examination of such changes
necessitates assessing multiple markets, including those for carbon sequestration as
an ecosystem service, especially if policies arise to promote carbon sequestration as
a mitigation activity.

Carbon credits and carbon markets are often key components of proposed
national and international attempts to mitigate the growth in concentrations of
GHGs. At the same time as policy is causing land-use changes, climate change itself
is expected to cause changes to environmental conditions, influencing the charac-
teristics and growth of forests in rural and urban settings, as well as agricultural
production and that of other competing land uses. The focus of this paper is how
climate change may change land values at broad scales, both from the direct impact
from future altered climate conditions and from policies formulated to address
climate change and increase the supply of tradable carbon credits. We summarize
findings from U.S. studies, to illustrate examples of land value changes in response
to climate change and associated policies. Understanding land use changes and land
values in the face of climate change is important for creating efficient strategies for
the mitigation of climate change at local, regional, and global levels. We focus on
the domestic situation, and readers interested in land use and climate change con-

nections for other countries are referred to Rai (2009) and works for other countries.

Changes in Land Values

Land resources such as forest land can produce a future flow of recurring net
returns or land rents. Land values typically represent the present value of such
net returns, dependent on estimating the future net returns and the choice of an
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appropriate capitalization rate (Barlowe 1978). Theoretical models of land-use
change are grounded in the landowner’s dynamic optimization problem. A land-
owner is assumed to choose the land use that maximizes the net present value
(NPV) of the stream of rents to his or her land. A basic model posits that a change
in land use occurs whenever the NPV of the rents to an alternative land use exceeds
the NPV of the rents to the current land use by more than the cost of conversion.”
Over time, changes in supply and demand for land affect relative land rents (Alig
and Plantinga 2004). The rents accruing to any particular land use are determined
by a host of factors such as land productivity, location, and demographics (e.g.,
population or income changes). Usefully, land rents reflect the interaction of these
determinants of land values, which are frequently difficult to observe. Many
empirical analyses of land-use change use the rents accruing to different land uses
to model and forecast land-use transitions. Given the infinite time horizon, our lack
of perfect knowledge and foresight complicates the determination of future rents.
To the extent that we are interested in how the allocation of land uses may change
with possible carbon revenues, we are also interested in how land values as a key
measure may be affected by carbon markets.

Some empirical studies also incorporate market values of land, which when
expressed as a stream of rents are conceptually similar to net rents. However,
market values may incorporate expectations about the future differently than do
calculated net returns. First, market values may incorporate expectations of changes
in land use. For example, forest-land prices anticipate future development close to
urbanizing areas (e.g., Wear and Newman 2004). The market value of land can be
thought of as having two components: (1) the value of present assets (e.g., structures
or standing crops or timber) and (2) the speculative value of future land uses and
assets that incorporates expectations about a wide range of variables including
commodity prices, development patterns, government policies such as for carbon
sequestration, and regional population and income levels. Inconsistencies between
real estate values and rents for the current land use can be indicative of an expected
land-use change. Second, the time horizon for which expectations are formed is
likely to be longer for market values.

Projected shifts in land use reflect economic and soil quality conditions in the
case of forest and agriculture, whereas conversion of forest land to development is
influenced significantly in many cases by location. Increases in population and the
demand for land can give rise to incentives to bring less fertile lands into use. For

"In the presence of risk or uncertainty the landowner’s decision problem is more
complicated, particularly where the cost of conversion is large or the land-use
change is irreversible.
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example, with expanded development, growing scarcity of forest land acts to raise
timber prices. If timber prices and associated timber-related incomes rise enough, it
may be profitable for some owners to intensify timber management on some lands
and also afforest additional land. At the same time, changes in transportation costs
may affect the extent of the area within which forest products can be profitably
produced. Such changes affect land values in forestry.

Urban and developed uses typically sit on top of the economic hierarchy of land
uses, with rents often at least an order of magnitude higher than those for forest
land (Alig and Plantinga 2004). Alig and Plantinga (2004) reported that the ratio of
average value of land in urban use compared to forest use is approximately 87 in
the Southeast and 111 in the Pacific Northwest Westside region. The highest for-
est values on a county basis in the Pacific Northwest Westside are about 0.04 the
lowest urban values and 0.007 the highest urban value. The ratios in the Southeast
are roughly similar; however, overall, the Pacific Northwest Westside has much
larger land values in forest use and urban use. The Pacific Northwest Westside has
14 counties with land values at least $200,000 per acre ($494,200 per ha) in urban
use and $2,000 per acre (34,942 per ha) in forest use, and the Southeast has none.
Such higher rents mean that determinants of land-use transitions in many cases are
demand-side factors pertaining to developed uses, such as population and income.
Thus, in interface areas such as metro or urbanizing locations, the economic
hierarchy of land uses suggests that, in land markets, development-related land-use

factors tend to strongly dominate forestry-related ones.

Ecosystem Service Markets

In this section we discuss the implications of climate change for ecosystem service
provision and examine how changes in ecosystem service provision affect land

values.

Defining ecosystem services—
Broadly defined, ecosystem services are the benefits people derive from the natural
processes that sustain ecosystems. They can be generally catalogued into four broad
areas: supporting, regulating, provisioning, and cultural (MEA 2005). Supporting
services include basic ecosystem functions like soil formation, and provisioning
services are important sources of food and fiber. Regulating services help control
climate change through carbon sequestration. Cultural services include recreation
and education. So ecosystem services comprise both goods and processes.
Although the concept of ecosystem services is inherently based on the value or
importance to humans, the underlying ecological structure and processes involve

complexities that complicate quantifying these services at different scales. In some
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cases, the linkage between structure, processes, and resulting services is fairly
straightforward. For example, the degree to which a specific plant community

can support a given wildlife population can be determined directly by measuring
community attributes such as species composition, height, and age. Other services,
such as improving water quality by converting nitrate to nitrogen gas through
denitrification, are controlled by more complex interactions among multiple eco-
system attributes that are more difficult to measure (for example, carbon, redox
status, denitrifier population, and temperature). These relationships are also altered
by temporal and condition gradients, which result in dynamic processes and signifi-
cant variability across and within different ecosystems, making them difficult to
measure and quantify at large spatial scales. Ecological production function models
based on biophysical inputs are often used to produce spatial estimates of specific
services (Nelson et al. 2009).

An ecosystem service differs from an ecosystem function because a service
takes the human context into account. For example, consider a wetland that pro-
vides, among other benefits, flood control. The level of this ecosystem function
is the wetland’s capacity to absorb rising flood waters and gradually release them
over time. The level of ecosystem service is the benefit of that flood control; thus it
depends on what lies downstream. A wetland that contributes to flood control for
a town or city provides a higher level of service than a wetland protecting undevel-

oped land. Location is important.

Ralph Alig

Efforts to reduce the divergence between the private provision of ecosystem services and socially
optimal amounts has involved payments for ecosystem services.
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Theoretically, ecosystem services tend to be under supplied by the private sec-
tor because they often represent a positive externality. Although a landowner could
manage to increase the provision of an ecosystem service, little economic incentive
exists to do so because the benefits of these management practices do not accrue
solely to the landowner and little increased revenue may result from increased
provision of that service. Ultimately, the provision of ecosystem services flowing
from private lands is less than what is desirable to society collectively. Payments
for ecosystem services (PES) constitute one strategy to increase the provision
of ecosystem services via an economic incentive. Examples include government
programs (e.g., the U.S. Conservation Reserve Program [CRP]), eco-labeling and
certification programs (if the rents flow to farmers), and purchase of conservation
easements (e.g., by The Nature Conservancy for increasingly prevalent land trusts).
The provision of ecosystem services from private lands could also be increased
through regulations (e.g., best management practices for forestry). In this context,
regulations mandate desirable management practices, and PES programs incentiv-
ize desirable management practices.

The goal of PES programs is to increase, on the margin, the provision of eco-
system services by paying landowners to adopt beneficial management practices.
Carbon sequestration is a prominent example in this context. Sequestering carbon
should mitigate negative climate change impacts for society at large. In the absence
of some sort of carbon market, landowners will sequester too little carbon because
they do not reap the full benefits of sequestration. A carbon market or allowance
system incentivizes private land sequestration by making sequestration pay. Given
the opportunity to increase revenues, many landowners may change behavior to
increase carbon sequestration to levels that are more socially desirable.

The level of ecosystem service provision from a parcel or a region depends on
site characteristics (e.g., soil, typical climate conditions—average rainfall, typical
growing season, etc.), stochastic shocks (e.g., variable weather patterns, natural
disasters), and land management practices. Altering management practices should
alter the provision of services, holding other factors constant. Thus, the relation-
ship between ecosystem service and ecosystem function varies with management

practices.

Effects of changing climate—

In general, changing climate conditions can be expected to result in changes to site
characteristics and stochastic shocks—changes to ecosystem function. Thus, for

a given site, the average conditions will change as will the frequency and severity
of departures from that average. The implications for ecosystem service provision

depend on management response. With static management, ecosystem service and
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function should move together. However, human adaptation to changing conditions
can mitigate the ecosystem service impacts. For example, Sohngen and Mendelsohn
(1998) showed that climate change impacts on forestry in North America would be
significantly altered by management practices including salvaging dead trees and
speeding up the transition between species. In fact, their results suggest gains for
the U.S. forestry sector from climate change. Thus, climate change interacts with
human behavior, determining the outcome in terms of ecosystem services in the
process. Although there is a general scientific consensus that climate change will be
costly overall, the impacts on particular sectors or services may be positive in some

regions.

Changes in land values from ecosystem services provision—
But how does ecosystem service provision affect land value, and thus how will
climate-induced changes in ecosystem service provision affect land value? First,
climate change affects land value through changes in productivity. In forestry and
agriculture, site productivity drives land values and rental rates. So as climate
change affects productivity, land value changes. Over time, land tends to move to
the highest value use. Thus, if we see land moving from forestry to agriculture, we
can surmise that returns to agriculture currently outstrip returns to forestry.

However, returns to agriculture and forestry do not depend solely on productiv-
ity of traditional products. Returns also depend on payments landowners receive
from other sources (e.g., government conservation programs, conservation groups,
carbon markets). Payments for ecosystem service schemes enhance the returns to
a particular land use or management strategy, rendering that strategy relatively
more attractive. Recent years have seen significant expansions of PES schemes.
Government expenditures have increased steadily in both the United States and the
European Union (USDA ERS 2006), and the involvement of conservation groups
and institutional actors (such as the Chicago Climate Exchange) is also on the rise.
Payment for ecosystem services programs essentially create markets for services
that previously had no markets. As more and more markets come online, this should
push land values up. Indeed, empirical evidence shows that the CRP, a PES pro-
gram that pays farmers to remove environmentally sensitive land from production,
has resulted in higher values for both agricultural and developed land (Wu and Lin
2010). Simultaneously, the share of land value attributable to ecosystem services
should rise, assuming all other things being held constant.

Growing concern over climate change (and other environmental problems) is a
major driver of PES programs, which could affect land value. Carbon sequestration
is a particularly important ecosystem service in this context. With a carbon-trading

scheme in place, landowners will have the option of managing to enhance carbon
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sequestration and selling this enhanced sequestration potential in the form of
carbon credits. Agriculture and forestry differ in terms of carbon sequestration
potential, so the introduction of a carbon market affects relative returns, land value,
and land use.

Of course, carbon sequestration rates, similar to other ecosystem services, will
vary with climate change. The direction of this movement is important. If carbon
sequestration potential rises with increased CO, concentration, we have a positive
feedback loop. Higher CO, concentrations could lead to enhanced sequestration
rates. Holding land use constant, the effect of sequestration on climate is self-limit-
ing, with a limit on how long the positive feedback would be significant or exist. If,
on the other hand, sequestration potential falls with increased CO, concentration,
we have a negative feedback loop. Higher concentrations lead to lower sequestra-
tion, so concentrations continue to rise.

In either case, the market response will enhance the feedback effects. If carbon
sequestration potential rises with CO, concentration, the return from using a given
parcel to sequester carbon also rises. On the margin, some land moves into carbon
sequestration, dampening climate change further. If sequestration falls as concen-
tration increases, the return from using a parcel to sequester carbon also falls. Thus,
on the margin, some land will move to other uses, contributing to further increases
in CO, concentration.

Given the economic hierarchy of land uses, the addition of carbon-related
revenues associated with that ecosystem service are not likely to cause major
changes in land allocation between developed uses and forestry in interface areas or
urbanizing areas. However, adding carbon-related revenues to the future stream of
net returns for forestry may boost benefits enough to change the allocation of land
between forestry and agriculture in some regions. Agricultural land is afforested
in the study by Alig et al. (2010a) because expected incomes per hectare under
forest use rise above the expected returns per hectare associated with continuing
agricultural use. Increasing financial incentives to plant trees, where plantations
store multiple metric tons of forest carbon per hectare, would boost forest incomes
in some cases well beyond land rental rates from agriculture. As an example,
afforested cropland in mixed hardwood forest in the Corn Belt region is estimated
to sequester approximately 60 metric tons of forest ecosystem carbon per ha by age
20 (Birdsey 1992). A $15 price per metric ton of CO, is equivalent to about $55 per
metric ton of carbon. At this price, the carbon payments from the hardwood stand
would amount to $8,154 per hectare ($3,300 per acre) as a lump sum at age 20. As
an equal annual payment over the same 20-year period, that would be equivalent

to about $274 per hectare ($111 per acre) per year (at a 4 percent real discount rate).
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The $15 price for CO, could result in several hundred thousand more hectares of
afforestation in the Corn Belt region as compared to business as usual (Alig et al.
2010a). If that price per metric ton is doubled to $30, then about 2.5 million more
hectares could be afforested with carbon markets.

Other ecosystem services also provide benefits, and some values could be
estimated using techniques such as the benefit transfer method (e.g., Johnston and
Rosenberger 2010). However, unless the amounts are very large, they are not likely
to tip the land allocation balance between forest and developed uses. Further, unless
there is some sort of market or PES scheme, enhanced ecosystem services may
enhance landowner utility, but may not be as likely to be capitalized in land value.
One example of another service is nitrogen uptake, sometimes discussed alongside
carbon sequestration. In addition to benefits, analysts need estimates of costs for
providing ecosystem services, such as converting agricultural land to wetlands.
Considering both benefits and costs allows for net benefits to be estimated, includ-
ing examining the present values of benefits and costs. Although costs of a mitiga-
tion activity may be significant, values of the marketable commodities along with
the potential ecosystem services values could be even greater. Thus, depending
on the assumptions of the benefits to be included, the return on investment in the

mitigation activity could be significant.

Afforestation on erodible or other environmentally sensitive agricultural land can enhance ecosystem
services and co-benefits, such as enhanced wildlife habitat, in addition to contributing to climate
change mitigation.
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Explicitly recognizing the complex relationships between ecosystem structure,
processes, and services is critical to understanding the potential ancillary effects
of carbon sequestration strategies. Any change, either anthropogenic or naturally
occurring, that affects structural components such as plant community composition
or processes such as nutrient cycling, will affect the quality, quantity, and types of
services produced from that ecosystem. Quantification of the effect is a difficult
task, as some services, such as biodiversity, can be both a cause of ecosystem func-
tioning and a response to changing management activity. Thus, effects of carbon-
specific components are hard to separate. Another problem is that the responses
of multiple services to specific carbon-related management activities have not
been well studied. Nelson et al. (2008) concluded that policies aimed at increasing
carbon sequestration did not necessarily increase species conservation and that
highly targeted policies were not necessarily better than more general policies. The
study by Nelson et al. (2008) demonstrates the likelihood that many of the possible
management activities and sequestration strategies will affect ecosystem services of
direct importance to landowners and managers. For example, afforestation designed
to increase carbon sequestration will alter migratory bird habitat depending on
the location and species composition of the forest, so ecological tradeoffs will be

involved.

Understanding prospects for carbon markets—

The promise of ecosystem service markets greatly depends on the particular
circumstances of program implementation, including what services are to be traded
and whether they are amenable to trading, the ability to enact and enforce regula-
tion sufficient to induce trading, and how expected program results compare with
those likely to arise from other conservation policy approaches (Kline et al. 2009).
In the case of tradable forest carbon credits, still needed from an institutional
viewpoint is a cap on the amount of carbon emissions. In an unregulated world,
carbon emissions exemplify the problem with externalities and public goods. Car-
bon emitters can carry out production without fully internalizing the social costs of
the carbon they emit. All producers contribute to total atmospheric carbon and the
resulting negative externality of global climate change. The lack of property rights
to the atmosphere provides producers little incentive not to pollute, because they
need not pay for the right to emit carbon.

With a regulatory approach, one proposal is to reduce total emissions by
establishing a uniform cap on the emissions that individual producers can emit.
Thus, the total cap is the uniform cap times the number of producers. A uniform
cap is not the least-cost option for achieving the total cap because different produc-

ers face different marginal pollution control costs. The least-cost or cost-effective

51



GENERAL TECHNICAL REPORT PNW-GTR-837

52

option equalizes marginal control cost across producers. The intent of creating a
carbon market is to provide a compliance option for heavy emitters—the ability to
purchase allowances to maintain production without having to reduce their carbon
emissions. Increasing the flexibility of compliance options for emitters in this way
equalizes marginal cost and lowers the cost of achieving the total cap. Over time,
the regulatory agency could ratchet down the overall cap on emissions to gradually
reduce total carbon emissions.

In this carbon market, forest owners could conceivably participate by selling
offsets in the form of tradable carbon credits, increasing the supply of emission or
damage allowances in a market. The forest carbon owners are performing activities
that offset damage caused by others (Kline et al. 2009). Landowners might be given
the right to sell emissions allowances based on forest management or afforestation
activities that increase forest carbon storage on their lands above some predeter-
mined baseline.

Next, we summarize aspects of land-use changes, land markets, and land values
based on modeling studies. The opportunity for exurban and urban developments
to influence the supply of terrestrial carbon sequestration is outside the scope of
this chapter, and interested readers are referred to Alig et al. (2004) and White et
al. (2009) for examples of development area projections. In this chapter, we focus
on land-use change within a climate change context, although land-use change can
have many implications for a landscape and society (Alig et al. 2004). Land-use
changes can also affect product prices (White et al. 2010), wildlife habitat (see chap-

ter 1), and many other parts of ecosystems and the interconnected economic system.

Examples of Land Value Projections Using the
FASOM-GHG Modeling System

Global questions involving forestry’s and agriculture’s potential contributions to
climate change mitigation are framed within a context of increased demands for
cropland, forage, and wood products to help feed and house an additional 3 billion
people globally by 2050, increased land demand for bioenergy production, and
millions of hectares of land needed to house another 125 million U.S. residents by
midcentury (Alig et al. 2010b). Here we illustrate how the Forest and Agricultural
Sector Optimization Model—Greenhouse Gas (FASOM-GHG) modeling system is
used to examine such linked forestry and agricultural issues. Examples of compo-
nents in FASOM-GHG’s integrated mitigation analysis include (a) simultaneous
consideration of the agricultural (including both crops and livestock) and forestry
sectors; (b) discount rate; (c) modeling of impacts on traditional industries; (d)

dynamic modeling of forest stand growth and investment; (¢) GHG accounting,
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including non-CO, gases; (f) GHG (e.g., CO,) prices; (g) modeling conversion of
forest and agricultural lands to developed uses (e.g., urban); (h) examination of
bioelectricity as part of bioenergy analyses; and (i) land-use changes between the
forestry and agricultural sectors, among other components.

Examining land use change and climate change can involve looking at effects
of climate change on forestry and agricultural activities, adaptation activities, miti-
gation activities, and the interplay among all three. Within the narrower mitigation
modeling, such modeling should account both for the GHG impacts of substituting
bioenergy for fossil fuels and any GHG changes owing to land-use change—so we
should get the net GHG impact of any change to bioenergy production. Increas-
ingly, modeling could point out exactly the kinds of perverse GHG incentive results
described in some of the literature. For example, some types of subsidies could lead
to reduced carbon sequestration as an ecosystem service. Including both the agri-
cultural and forest sectors, modelers can directly recognize the tradeoffs between
the needs to reduce GHG emissions and expand food production. Models such as
the Forest and Agricultural Optimization Model (e.g., Alig et al. 2010a) demonstrate
the forest environmental impacts of different types of policies. Tradeoffs with
food and environment will occur, and we can use models such as FASOM-GHG to
investigate such tradeoffs along the path to reducing net GHGs.

In the next section, we examine studies that project how future climate condi-
tions may impact land values, as well as how policies proposed in response to
climate change may affect forest-land values. This involves using models that link
expected forest changes from climate change to the inputs and parameters used in
forest sector economic models (White et al. 2010). A linked model of the forest and
agricultural sectors simulates land-use competition between the two sectors, with

resultant impacts on land allocation and land values in the sectors.

Modeling Changes From Climate Change

Most studies thus far have assumed that the total area of land in agriculture and the
total area of land in forests will remain about the same even as climate changes.
For example, Sohngen and Mendelsohn (1998) valued the impact of climate change
as a large-scale ecological change in the U.S. timber market, without a mechanism
for accounting for any productivity-related shifts between forestry and agriculture.
Although the total area of land in agriculture and forestry may indeed remain
relatively constant over time, climate change could alter the distribution of land
uses over time. Given that forest areas could be affected and the potential human
and social consequences of these impacts, it is important to consider and assess the

implications of climate change on the distribution of U.S. land uses.
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Differential impacts of climate change in agriculture and forestry could lead
to land-use shifts as one possible adaptation strategy by landowners. For example,
if climate change results in relatively higher agricultural productivity per hectare,
some hectares may be converted from forests to agricultural use. Such changes
would alter the supply of products to national and international markets, changing
the prices of forest products and the economic well-being of both producers and
consumers. Conversely, if climate change renders forestry more attractive than
agriculture in terms of yields and production costs, land could shift from agricul-
ture to forestry as these two sectors adjust. Given that the agricultural and forestry
sectors sometimes compete for the same land, shifts in productivity of agricultural
land could affect the ultimate distribution of forest land, and vice versa.

Using four climate change scenarios from the national assessment of climate
change, Alig et al. (2002) found that less forested area was projected under four
climate scenarios relative to the base case (no climate change). Furthermore, less
cropland and more pasture land were projected to convert to forests under all
scenarios. In general, climate change was projected to increase the overall supply
of timber, causing timber prices to fall and reducing forest-land values. The net
conversion of forest land to agricultural use was prompted by aggregate increases
in forest productivity relative to agriculture, with price signals in markets leading
to adjustments. Although climate change is likely to affect the margin between
forestry and agriculture differently in specific locations, aggregate productivity
changes in forestry appear larger overall than aggregate productivity changes in

agriculture.

Ralph Alig

Land values represent key links between forestry and agriculture land markets.
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Other studies have examined impacts of climate change on agricultural yields.
For example, Schlenker and Roberts (2008) estimated impacts of climate change on
crop yields, considering the importance of nonlinear temperature effects. However,
they did not consider any land use shifts involving forestry that might arise from
impacts on productivity in the two sectors. Similarly, Sohngen and Mendelsohn
(1998) examined impacts on forest productivity but did not account for land use
shift possibilities.

To our knowledge, no study to date has isolated the impacts on forest-land val-
ues from carbon sequestration owing to climate change. The earlier version of the
FASOM model employed by Alig et al. (2002) did not have carbon-related prices in
the objective function. Alig et al. (2002) did note changes in economic welfare by
sector associated with the different climate change scenarios, with changes rela-
tively small compared to those associated with policy scenarios.

Economic impacts of climate change on land use distribution could also
involve human migration patterns and impact the amount and pattern of urban and
developed areas by region. Regional patterns of growth and decline in the United
States show shifts in population and property value to more vulnerable areas (van
der Vink et al. 1998), and concerns about climate change and severe weather events
could alter coastal settlement patterns. A large amount of uncertainty surrounds
any such movement of population and land use impacts, and is outside the scope

of this paper.

Modeling Changes in Land Values With Policies and
Carbon Markets

Forests are cost-competitive in their ability to play some role in U.S. carbon seques-
tration activities (Richards and Stokes 2004). Cost studies of forest carbon seques-
tration over more than a dozen years have estimated costs of between about $10 and
$150 per metric ton of carbon (Dempsey et al. 2010, Richards and Stokes 2004).
Some estimates point to forests being able to sequester between approximately 250
and 500 million metric tons in the United States per year, mirroring the growth
of the forest and storage of carbon in the accumulating woody biomass. Richards
and Stokes (2004) pointed out that the cost effectiveness of forest-based sequestra-
tion depends on the secondary benefits of sequestration (e.g., habitat creation and
watershed improvement).

Next, we look at the use of the FASOM-GHG model to investigate changes
in values for forestry, agriculture, and tradable carbon credits with carbon-related
policies. The FASOM-GHG modeling framework can also be used to examine how

expectations of land-base shifts between the agriculture and forest sectors impact
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potential policy effectiveness. Because market equilibrium is determined with
endogenous interaction between the forest and agriculture sectors, varying levels of
future land use patterns can be explored by the introduction of constraints.

Alig et al. (2010a) used the FASOM-GHG modeling system to investigate
effects of carbon dioxide equivalent (CO, e) prices of between $0 and $50 per
metric ton. These carbon-related values are added to the objective function in a
symmetric fashion. A symmetric system, also called a carbon subsidy-tax system,
pays forest owners for increments and “taxes” them for any decrements in carbon
stock. Hypothetical policies involving carbon-related prices could cause landowners
to undertake changes in forest management as well as afforest additional agricul-
tural land. Although outside the scope of this chapter, climate change policies may
involve mitigation actions that promote reduced deforestation. Alig et al. (2010a)
summarized findings about such efforts to conserve forest land and the impacts on
carbon sequestration and storage and on traditional forest industries.

The CO, pricing scenarios reported by Alig et al. (2010a) included a CO, price
of zero, $25/metric ton, and $50/metric ton. The $25/metric ton price approximates
levels estimated by Murray et al. (2005), who estimated that costs of mitigation
actions in forestry and agriculture would range from $15 to $25/metric ton of CO,
mitigated. Their analysis using FASOM model runs indicated that between 10 and
25 percent of current U.S. GHG emissions could be offset through a combination
of actions in forestry and agriculture, including reduced cropland tillage, affor-
estation, improved forest management, improved nutrient management, manure
management, and bioenergy production (Murray et al. 2005). They also simulated a
scenario with $50/metric ton to investigate effects of a higher CO, price.

Alig et al. (2010a) reported that soil expectation values (SEV), as one proxy for
effect on land values, on average almost doubled with a $25 CO, price compared to
the base case with no carbon price. These are “bare” forest-land values. Moving to
a $50 CO, price increased the SEV values by more than 2.5 times compared to the
base case.

Although these are substantial increases, the increases in land value are a
magnitude of order smaller than the differential between forest land and developed
use values reported by Alig and Plantinga (2004). For example, in the Southeast,
SEV timberland values in the Alig et al. (2010a) base run were approximately $500
to $750 per hectare (approximately $200 to $300 per acre) on average. Doubling
or tripling such land values would leave them short of $2,500 per hectare ($1,000
per acre), whereas Alig and Plantinga (2004) reported average urban values in the
Southeast of more than $90,000 per hectare ($36,000 per acre), an average of more
than 30 to 40 times as much.
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Therefore, although carbon-related revenues are not likely to appreciably affect
the land competition between forestry and developed uses in urbanizing areas,
such carbon revenues can conceptually cause switches in land use between forestry
and agriculture. As shown in figure 2-1, with afforestation area sensitive to CO,
prices, projected net change in forest area involving land exchanges with agriculture
(afforestation area minus area deforested to agriculture) summed over the first 50
years of the projection was positive with a $20 CO, price, in the Alig et al. (2010a)
study. In contrast, net change levels without a CO, price are negative. Afforestation
dominates deforestation to agriculture early in the projection with $25 CO,, but
then is exceeded by such deforestation for most of the projection period. The degree
of land use change associated with a particular carbon price will vary by region.
For example, Lewandrowski et al. (2004) showed that the Pacific Northwest region
is relatively less responsive to incentive payment levels for afforestation than the

Southeast/Appalachia region.
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Figure 2-1—Net projected afforestation under different carbon dioxide prices. Adapted from Alig et al. 2010a.
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Projected area of afforestation follows a generally declining trend over time in
the Alig et al. (2010a) national study. Afforestation area with $50/metric ton CO,
averages 0.92 million hectares for the first 25 years of the projection, and then
drops to 0.31 million hectares over the next 25 years. The highest CO, prices boost
forest area by 55 percent compared to the base case, especially in the South and
North. Doubling the CO, price from $25 to $50 per metric ton boosts forest area
in 2050 by 17 percent.

Deforestation for conversion to agricultural use is sensitive to the CO, price
assumption. Deforestation to agriculture is reduced to about one-fifth the base
area amount with $25 CO, prices (Alig et al. 2010a). With $50 CO,, the amount of
deforestation to agriculture drops essentially to zero over the first two projection
decades. However, even with $50 CO2 prices, the deforestation for agricultural use
does increase later in the projection period (Alig et al. 2010a), given the expanded
forest area and changes in land prices across the two sectors.

Altering the assumption of no loss of forest to development has a smaller effect
than having CO, payments for landowners (Alig et al. 2010a). Compared to the base
level assumption, avoiding deforestation to urban and developed uses can boost
forest area in 2050 by about 9 percent, about half the increase in moving from $25
to $50 CO, prices. The projected base level of forest converted to development is
approximately 15 million hectares over 50 years, drawn from exogenous projections
for the 2010 Resources Planning Act (RPA) Land Base Assessment by the USDA
Forest Service (Alig et al. 2010b; Lubowski et al. 2006, 2008; Plantinga et al. 2007).
The largest projected losses are in the South and Northeast, consistent with recent
historical trends.

Evidence of Carbon Markets

The section above pertains to hypothetical policies for carbon sequestration.
However, what is actually going on with carbon markets in the United States?
Currently, there is no binding global agreement to reduce carbon emissions, and
no associated carbon market. Climate change is a topic replete with uncertainty
and the progress of carbon markets would require a regulatory cap for significant
offset values to arise. Ecosystem service markets are one approach among several
for ecosystem protection and part of the future course of such markets will depend
on recognition of whether greater global ecosystem protection is necessary. The
Europeans have had a cap-and-trade market running since 2005. The first few years
were experimental. Initially, there was a lot of price volatility and a fundamental
imbalance between supply of tradable carbon credits and demand for them. With

a more stable and clear regulatory framework, the European carbon trading
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experiment continues. A mature trading program will provide valuable data and
give economists the opportunity to observe interaction between carbon trading
policy and a real economy. Future transactions in forest carbon credits could
constitute a market of billions of dollars annually and involve potentially large
transfers of funds between players in our economy.

In terms of actual transactions, buyers of ecosystem services can already
purchase carbon credits on the Chicago Climate Exchange (CCX) to offset activi-
ties that emit GHGs. In turn, the CCX buys credits from projects that offset the
accumulation of GHGs in the atmosphere. Many forestry projects do just that, and
some are already generating income for forest landowners. One example is carbon
currently being traded on the CCX. Figure 2-2 shows that carbon prices in recent
times have fallen below $1 per metric ton.

A number of organizations are angling to position forest landowners to be able
to trade carbon sequestered on their land on the CCX. In October 2007, California
Air Resources Board adopted the first standards in the United States for forest-

generated, CO, emissions reduction projects. AgraGate Climate Credits Corp. is
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Figure 2-2—Monthly price and volume data for Carbon Financial Instrument (CFI) contracts on the
Chicago Climate Exchange (CCX).
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now able to provide a Forestry Offset contract on the CCX to forest owners. F&W
Forestry Services, Inc. is in a similar position. The Georgia Carbon Sequestra-
tion Registry assists in the application of land management practices to sequester
carbon and creates new economic opportunities for landowners. The Texas Forest
Service received approval as an Authorized Verifier of Forestry Offset Projects for
the CCX. FORECON EcoMarket Solutions, LLC announced its successful devel-
opment, presentation, and approval from the CCX for the first managed forestry
carbon offset project for a timber investment management organization. The pilot
project covered about 4050 ha (10,000 acres), mostly in Pennsylvania.

However, challenges include the fact that standards lack any sort of national
uniformity. There are no compliance-based forest programs in the United States,
and monitoring actual implementation of carbon offset programs is challenging.
Struck (2010) suggested that some people are buying into projects that are never
completed, or paying for ones that would have been done anyway. Some green
schemes range from selling protection for existing trees to the promise of planting
new ones that never thrive. In some cases, the offsets have consequences that their
purchasers never foresaw. Struck (2010) characterized carbon offsets as the envi-
ronmental equivalent of financial derivatives: complex, unregulated, unchecked,
and—in some cases—not worth their price.

Implementation issues also include possible leakage effects, which could result
in governments spending large amounts of money while gaining little or no net gain
in carbon reductions. Thus, although it is possible to increase carbon sequestration
in forests through afforestation or forest management activities, the net effects
on overall carbon sequestration may not be as large as anticipated because land
markets in areas where forests are unprotected may respond by moving some
forests back into agriculture (i.e., deforestation) (Alig et al. 1997). Alig et al. (1997),
for example, found an approximate one-to-one correspondence between hectares
converted to forests from agriculture and hectares converted the opposite direction,
suggesting the need for a comprehensive policy that recognizes leakage. Murray
et al. (2004) found similarly large leakage effects for some regions of the United
States, and Sohngen and Brown (2004) found smaller, though still potentially
substantial, leakage effects for tropical regions. More recent efforts suggest
that efficient policies with flux constraints or carbon pricing could provide net
sequestration, and that these would increase timber supply both in the short run and
long run (Adams et al. 1999, Murray et al. 2005, Sohngen and Mendelsohn 2003).

It is also important for any carbon credit (offset) to prove a concept called
additionality. The concept of additionality addresses the question of whether the

project would have happened anyway, even in the absence of revenue from carbon
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credits (see for example, Langpap and Kim 2010). Only carbon credits from projects
that are additional to the business-as-usual scenario represent a net environmental
benefit. Thus, assessing additionality requires specifying some sort of baseline—
what would have happened without carbon markets. Carbon projects that yield
strong financial returns even in the absence of revenue from carbon credits, that

are compelled by regulations, or that represent common practice in an industry are
usually not considered additional, although a full determination of additionality

requires specialist review.

Land Value Data Needs

Forest-use valuation is increasingly complicated, as is our understanding and
modeling of our environment and economy. The increasing recognition of forest
resource values other than timber, such as for tradable carbon credits, is part of a
larger societal concern about sustainability of land to provide the goods and ser-
vices that we as a society demand (Beuter and Alig 2004). Given the fixed amount
of land, we need to ask what prices we are willing to pay for those goods and
services and how that will affect land values. We need improved databases pertain-
ing to land markets that provide evidence on revealed behavior about what people
are willing to actually pay for a bundle of rights necessary to gain access to land
that can provide goods and services into perpetuity.

On the empirical side, analyses of land-use change over the past two decades
have tended to express land value in terms of the stream of rents, or net returns,
accruing to a particular land use. Three general types of data used to estimate net
returns are (1) land coverage data, (2) production data, and (3) land value or price
data. Land coverage data identify a particular land use at a point in time and may
also provide a measure of land quality or suitability for alternative uses (e.g., soil
classification). Production data identify the quantities of output associated with a
particular land use for a specific geographic area and period. An example of a need
for improved production data is afforestation yields on former cropland and pasture-
land in all regions. Price data identify input and output prices for the production and
sale of goods related to a particular land use, such as for forest carbon sequestration.
Efforts to improve land valuation for climate change studies would likely benefit
most from attention to the latter category. Increased interest in carbon markets has
resulted from growing awareness about climate change and the need for mitigation
activities, many of which could involve terrestrial carbon sequestration. Ecosys-
tem service markets lately have become a popular topic among environmental
policymakers (Kline et al. 2009), and carbon sequestration has received a lot of

attention. However, with emerging or nascent markets, many questions remain to
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be answered. For example, will demand for various ecosystem services be comple-
mentary or competitive, and how may pricing of new services affect land use, food
prices, and the prospects for biofuels or other bioenergy production?

One information need is for monitoring of emerging forest carbon markets and
the relationship to land values. Emerging markets may involve speculative elements
and often include nontraditional markets for forest goods and services. Valuation
information for these emerging markets may be notably more limited than for
commodity-related forest products. Further, forest carbon sequestration opportuni-
ties exist on both private and public lands and often are a joint or byproduct of
forest management for other objectives.

One example of a database as a candidate to be built upon is Lubowski’s (2002)
construction of a nationwide database of net return estimates for several major land
uses on private lands. It should be noted that the construction of such estimates can
be labor intensive and may require a large degree of extrapolation or inference. His
database was constructed to support national land-use modeling, and was later used
in other studies (e.g., Alig et al. 2010b).

In general, gaps exist in land value data, such as for forest-land values based
on actual transactions generally available to the public. For forest-land values,
Lubowski (2002) estimated the weighted net present value (NPV) of sawtimber

Ralph Alig

Carbon markets are emerging in some areas, and further expansion could affect forest-based
mitigation opportunities.

62



Effects of Climate Change on Natural Resources and Communities: A Compendium of Briefing Papers

from different forest types at the county level. The area of each forest type

was identified using the USDA Forest Service’s Forest Inventory and Analysis
data. Timber yields for different forest types were based on existing forest-land
estimates developed by Birdsey (1992), and need to be augmented for afforestation
possibilities. State-level stumpage prices were obtained from state and federal
agencies or from private companies. Where state-level stumpage prices for private
forest were unavailable, sales prices from state or national forests were used.
Unavailability of nationwide stumpage price data is an impediment to estimating
rents. Although Timber Mart-South has historical records of stumpage prices,

its coverage is limited to 11 Southern States. In constructing nationwide rents,
Lubowski (2002) proceeded state by state to gather reported stumpage prices by
surveying various state agencies and private sources. Hence, price data are likely to
be inconsistent in terms of methodology and quality (varying both regionally and
over time). Furthermore, developing a nationwide database of stumpage prices in
this manner is likely to be labor intensive.

Other data sources may be able to complement, approximate, or improve upon
more established sources at the regional, if not national, level. Some of the sources
identified below are real estate values. Although real estate values will typically be
similar to stream of rent values, they cannot be considered perfect substitutes. Real
estate values incorporate expectations about future land uses that may differ from
the current use. For example, the real estate value of forestry or agricultural land on
the fringe of urban development may be well in excess of the NPV of indefinite for-
estry or agricultural rents because the land value is “ripening” in accordance with
buyers’ expectations about its impending change to developed land. In this sense,
disparities between market land values and rent values may indicate an impending
land use change (Kilgore and MacKay 2007, Wear and Newman 2004).

Since 1997, USDA’s National Agricultural Statistics Service (NASS) (e.g.,
2009) as a public source has published agricultural land value and rental rate data
at the state level, but 2009 marks the first time NASS published the information at
the county level. For 2009, NASS reports mean county-level cash rents per acre for
cropland (irrigated and nonirrigated) and pastureland. The population target for the
data is all farms and ranches, and information is collected primarily by telephone
interview. The county-level rents are available online in tabular and map formats
(see fig. 2-32), providing a readily available proxy for cropland net returns at the
county level. State-level cash rents are available from 1994 to present. However,

similar data are not available for forest land.

? The data in figure 2-3, as well as data for nonirrigated rents, are available at
http:/www.nass.usda.gov/Charts_and Maps/Land Values_and Cash Rents/index.asp.
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Figure 2-3—2009 National Agricultural Statistical Service (NASS) cash rents, across all cropland. Note that NASS cash rents
are based on a survey of farmers. Data are unavailable for parts of Nevada, California, and New England, which appear white in

the map.
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Conceptually, the cash rent data are the same as the net returns to cropland
calculated by Lubowski (2002). To obtain a single rent figure for cropland, irrigated
and nonirrigated rents should be weighted proportionally to those lands’ acreages.
The cash rent data could supplement future updates to the crop rent database by
serving as a comparative check or by providing an easy way to expand the database.

In addition to cash rent data, NASS publishes regional and state estimates
of average real estate value per acre for irrigated, nonirrigated, and pastured
agricultural land. These real estate values could be used to compute annual rents.
The disparity between average real estate value and crop rents could be used as a

measure of development pressure.
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Conclusions and Research Needs

Land prices and other measures of values reflect society’s valuation of land for
different uses. Modeling changes in land values from climate change and climate
change policies can provide valuable information to landowners, managers, and
policymakers as society grapples with how to deal with climate change. One facet
is how land values may change with increased demand for tradable carbon credits.
Transactions in forest carbon credits could constitute a market of billions of dollars
annually and involve potentially large transfers of funds between players in our
economy.

Forest carbon credits could add significantly to the possible streams of income
from timberland. In addition to the growth and harvest of timber, the possibility
of selling carbon credits would affect investments in timberland. Forest lands in
general sequester (bind up from the atmosphere) substantial amounts of carbon,
which in markets could be translated into carbon credits. Revenues from carbon
credits would tend to boost forest-land values, especially in comparison to some
agricultural alternatives in some regions. One example of a key activity for which
better forest and carbon yield data are needed is afforestation of former agricultural
lands. In general, we need to better understand how land productivity for differ-
ent uses may change under future climate change in the various regions. Climate
change is being monitored, with some 24 separate indicators (USEPA 2010) show-
ing how climate change affects the health and environment of U.S. citizens. That
could be usefully augmented with related indicators about how land productivity is
being affected.

Ecosystem service provision can be expected to change with climate. Produc-
tivity will change with climate, affecting land value and land use. Additionally,
concern over environmental degradation and climate change has increasingly led
to the establishment of conservation programs, which can augment land value. A
central ecosystem service in the climate change context is carbon sequestration.
The direction of the relationship between CO, concentration and sequestration
determines whether we have a negative or positive feedback loop. In both cases,
incorporating the effect on land values tends to reinforce the loop.

If global carbon markets emerge, a comprehensive assessment of the carbon
storage and GHG fluxes within the Nation’s ecosystems would aid in the evaluation
of potential policy and mitigation actions. Such an assessment is inherently
complex, as it is geographically broad; covers many different ecosystems, pools,
and flux types; and is influenced by many present and future potential conditions
(such as climate change, population change, land cover change, ecosystem

disturbances, land management activities). If policies adopted to address climate
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change influence the extent, composition, and management of future forests as
well as competing land uses, effects are likely to differ by region. In addition, the
nature of the altered climate could vary substantially by region, so that comparative
advantages in forest and agricultural production across regions could be affected
along with land values.

The policy development process must be supported with integrated, systems
analysis. Continued investment in developing and refining the models that provide
this type of analysis is critical. The over-arching nature of the climate change issue,
which potentially could affect all facets of our lives and work activities (e.g., Fox
et al. 2009), means our reliance on integrated models and analysis will continue to
increase as policymakers grapple with a confusing array of choices and tradeoffs.
Climate change may substantially affect baseline emissions as well as the cost and
effectiveness of mitigation options. Although there has been increasing recognition
of these linkages, there remains a need for additional model development and analy-
ses to improve our understanding of the implications for mitigation, adaptation, and
risk management policy. Demands for bioenergy feedstocks, carbon sequestration,
food, fiber, and ecosystem benefits from our land base are increasing. At the same
time, the land base faces enormous potential changes in productivity and risks of
extreme events. Thus, there are significant needs to improve our understanding
of potential effects and to model the complex interactions between competing
demands under changing conditions. Risk management has an important role in
influencing responses to climate impacts and in developing appropriate mitigation
and adaptation policy. There is a need to improve our understanding of how people
will change their land use and production practices and the implications for agricul-
ture, forests, and natural ecosystems as they respond to changing risks within the
context of policies influencing management choice.

As ecosystem services become scarcer owing to population growth and rising
global standards of living (consumption), interest grows in devising markets
and other means for procuring these benefits. Research to support carbon policy
analyses includes compensation amounts needed as incentives for landowners to
participate in tradable carbon credit markets. Land-use change is a key part of
global change in that deforestation, urban sprawl, agriculture, and other human
influences have substantially altered and fragmented our global landscape. Such
disturbances of the land can change the global atmospheric concentration of CO,,
the principal heat-trapping gas, as well as affect local, regional, and global climate
by changing the energy balance on Earth's surface. Research questions relate
to the relationship between land market activity, land management, and carbon

sequestration on the global landscape. For example, given that land management
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can notably alter future levels of forest carbon sequestration (e.g., Adams et al.
1998), interplay between land markets and markets for products and services can
influence the path of carbon sequestration over time. Thus, how might variations
in landowner behavior by region, including development of different densities and
types, influence the land market outcomes?

Land use change plays a very significant role in climate change mitigation
and adaptation, and a land value database could provide both direct and indirect
benefits. Land prices or values integrate supply and demand information and could
also provide better information on future land-base conditions for climate change
analysts. For example, for forest ecosystems, they could provide a thorough and

unified description of anticipated change in the valuation by society.

English Equivalents

When you know: Multiply by: To get:
Hectares (ha) 2.47 Acres
Metric tons 1.102 Tons
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Chapter 3: Socioeconomic Impacts of Climate
Change on Rural Communities in the United States

Pankaj Lal, Janaki Alavalapati, and D. Evan Mercer

Introduction

Climate change refers to any distinct change in measures of climate such as tem-
perature, rainfall, snow, or wind patterns lasting for decades or longer (USEPA
2009). In the last decade, there has been a clear consensus among scientists that
the world is experiencing a rapid global climate change, much of it attributable to
anthropogenic activities. The extent of climate change effects (e.g., future tem-
perature increase) is difficult to project with certainty, as scientific knowledge of
the processes is incomplete and the socioeconomic factors that will influence the
magnitude of such increases are difficult to predict (IPCC 2001). However, even if
greenhouse gas (GHG) emissions are reduced significantly over the coming years,
significant increases in temperature and sea level rise may still occur.

The impacts of climate change can be broadly grouped under three headings:
ecological, social, and economic. The ecological impacts of climate change include
shifts of vegetation types and associated impacts on biodiversity; change in for-
est density and agricultural production; expansion of arid land; decline in water
quantity and quality; and stresses from pests, diseases, and wildfire. Salient social
impacts may include changes in employment, equity, risk distribution, and human
health, and relocations of populations. Economic impacts include increased risk and
uncertainty of forest or agricultural production, alteration in productivity for crops
and forest products, reduction in supply of ecosystem goods and services, increased
cost of utilities and services, and altered energy needs.

Climate change will most likely affect populations through impacts on the
necessities and comforts of life such as water, energy, housing, transportation, food,
natural ecosystems, and health systems. Considerable uncertainty remains about
the nature and magnitude of climate change impacts, particularly those related
to rural communities, in view of (1) the complex nature of farm decisionmaking,
in which there are many nonclimatic issues to manage; (2) the likely diversity of
responses within and between regions; (3) the difficulties that might arise if climate
changes are nonlinear or increase climate extremes; (4) timelags in responses of
communities; and (5) the possible interactions among different adaptation options
and economic, institutional, and cultural barriers that inhibit such strategies. In
light of these uncertainties, there is a need to increase our understanding of how
ecosystems, social and economic systems, human health, and infrastructure will be

affected by climate change in the context of other stresses.
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The climate change literature specifically addressing social and economic
effects of climate change in rural versus urban areas is limited. Although potential
threats to urban and rural populations have been described in recent reports (e.g.,
USGCRP 2009), information delineating the impacts of climate change specifically
on rural communities is scarce. The research has largely been sector-specific, such
as delineating impacts on agriculture, health, transportation, demography, energy,
etc., and has rarely addressed how these impacts might differ across urban or rural
communities.’ Similarly, knowledge of the comparative impacts of climate change
in different geographical regions is limited. Because much of the climate change
literature does not specifically address social and economic effects of climate
change, we make inferences about these effects from national or sector assess-
ments dealing largely with biophysical impacts. In addition, very few studies have
attempted to delineate impacts across different spatial scales in terms of severity.
Also, it is difficult to compare severity of impacts in light of future uncertainties.
The capacity of the community to act in response to climate change and community
resilience has been largely absent in climate change research (Flint and Luloff
2005). However, delineating the impacts of climate change on rural populations is
critical, as they tend to depend on climate-sensitive livelihoods and are especially
vulnerable to 