Western North Carolina Vitality Index

WNC Forests

in an Uncertain Climate Future
Forests are integral to our economy, culture, and environment. They provide clean
water and habitat for wildlife, they filter the air, and they provide settings for recreation
and renewal. Changes in population, land use, invasive pests, and timber markets—
to name a few—will continue to shape the way we use and value our forests. When
looking at climate forecasts, even more uncertainty is expected in the way forests
interact with our built, economic, and human environments.
Climate is the average weather in a location over a long period of time. As some
climate scientists like to say, “Climate is what you expect, weather is what you
get.” Not only the measure of average conditions, climate can also refer to the
range of variability from those conditions. Therefore, climate change refers to
shifts in the average state of the climate and in its variability.
Over the next century, it is our collective responsibility to ensure that our forests
continue to be managed, protected, and made resilient against uncertain changes.
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Understanding Climate Change
Globally, changes in climate are already impacting forests through higher average temperatures, altered precipitation
patterns, and more extreme weather events, such as heat waves, floods, or drought. To forests, these changes can further
influence the occurrence and intensity of disturbances such as wildfire, invasive species, and disease outbreaks.

Elevation

The climate in Western North Carolina is largely defined by the region’s topographical features.
The elevation gradients of the Southern Appalachian Mountains range from around
1,000 feet in the valleys to the 82 peaks that exceed 5,000 feet to the highest
point east of the Mississippi River, the 6,684 foot summit of Mount Mitchell.
These elevation gradients result in varying average temperature and
precipitation, creating a unique range of microclimates, each of
which supports unique forest types and globally rare species.
www.wncvitalityindex.org/topography/mountain-topography-and-geomorphology

Temperature

Temperature and forest types are closely related. This relationship shows the great extent of acclimation of forests to the
temperature zones in which they are found. Temperature directly affects biotic processes and water requirements, thus
organisms, species, and forest types respond
to changes in temperature. Temperature,
along with sunlight, is a driving
force behind photosynthesis,
and temperatures
regulate the demand
plants have for water.
Forests depend on
certain soil moisture
Average Annual Minimum
levels for growth and Average Annual Maximum
Temperature (1981–2010)
Temperature (1981–2010)
respiration, and air
The maps above show the maximum and minimum average annual temperatures for the region from
temperature affects
soil moisture through 1981 to 2010. The darkest blue are the coldest areas, and the darkest reds are the warmest. Compare
evaporation as well. these maps to the elevation map, top, and the precipitation map below.
www.wncvitalityindex.org/weather-and-climate/temperature-variability

Precipitation

Precipitation is any form of water—rain, snow, or hail—that falls from the atmosphere and
reaches the ground. Water that soaks into the ground becomes groundwater or is available
to be taken up by vegetation. The water that does not soak into the ground
follows down the mountains to form streams and rivers. Thus, the amount of
precipitation is essential to forest growth. WNC has some of the most
variable average annual precipitation in the southeastern US, as
the wettest and driest points are separated by only 50 miles.
Elevation gradients of the mountains contribute to this vast
difference in precipitation, which can range from 100 inches to
36 inches per year.
Average Annual Precipitation (1981–2010)
www.wncvitalityindex.org/weather-and-climate/precipitation-variability
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Forests will play a crucial role in adapting to a changing climate.

By looking at historical climate data and prevalent climate trends, we can assess what
changes Western North Carolina might expect, and begin to understand how to prepare for
possible changes.

Carbon Cycles
Carbon is the key element in all living things. It continuously cycles through the earth’s plants, animals, atmosphere, land,
and oceans. The vast majority of carbon is stored in sedimentary bedrock and seawater. At current levels, atmospheric
carbon threatens to alter climate conditions on Earth.
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Carbon dioxide (CO2), often called a “greenhouse gas,” traps heat within the atmosphere in much the same way as glass
traps heat in a greenhouse. The accumulation of greenhouse gases has lead to rising global average temperature which,
in turn, has led to changes in precipitation patterns, storm severity, and sea level. A high level of uncertainty exists as to
the magnitude of projected changes.

Global Average Temperature and
Carbon Dioxide Concentrations (1880–2004)

Climate Scenarios

The earth’s atmosphere is a mixture of nitrogen, oxygen,
and trace gases. CO2, a trace gas, and other greenhouse
gases are important because they form a layer in the
atmosphere which prevents heat from circulating back into
space.
Historically, natural fluctuations in atmospheric CO2
occurred due to temperature fluctuation or volcanic
eruptions. Since the mid-1800s, however, atmospheric
concentrations of CO2 have risen at a much faster rate
than at any time within the previous 650,000 years. The
20th century, especially, has seen massive increases in
emissions due predominantly to increased combustion of
fossil fuels.

By looking at historical climate data and prevalent climate trends, we can assess what changes Western North Carolina
might expect, and begin to understand how to prepare for possible changes. Two of the primary climate scenarios used
to project a range of climate possibilities have varying results. The computer model developed by the Met Office Hadley
Centre for Climate Change (the Hadley) represents a “warm and wet” future scenario, which would
mean moderately warmer air temperature and increased
average precipitation for Western North Carolina.
The climate change model developed by
the Canadian Centre for Climate Modelling
and Analysis (the Canadian) represents a
“hot and dry” future scenario, which for
Western North Carolina shows much
higher average air temperature and
decreased average precipitation.
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Future Fire Risk
natural

www.wncvitalityindex.org/natural-environment

The two climate scenarios for Western North Carolina represent possible futures with warming temperatures, but they
differ in the amount of average annual precipitation—one projected future is wetter, and the other is drier. In these
scenarios, there may not be any change in total precipitation, but the severity of these wet and dry periods can affect
when the precipitation occurs, resulting in more flooding or drought. Changes in the timing and frequency of these events,
combined with increased land conversion from growing populations, have the potential to weaken the health of the
region’s forest ecosystems, thus increasing the risk for wildfire.

Precipitation Patterns

The seasonal distribution or timing of precipitation is an important
characteristic of climate. While average annual precipitation tells
how much rainfall an area receives in a normal year, the seasonal
distribution tells when it arrives. This timing of precipitation can
indicates how often an area experiences drought and flooding and
its severity.
The Palmer Hydrological Index (PHDI) at right shows the longterm wet and dry conditions of the WNC region, with red as the dry
conditions and green being the wet. Any green value that reaches
above 2 indicates a severe wet (flooding) event, and any red value
falling below -2 indicate a severe dry (drought) event.
www.wncvitalityindex.org/weather-and-climate/precipitation-patterns

A Deciduous Forest Type

PDHI for the Southern Appalachian Mountains. Note that
two of the longest, severe dry periods have occurred over
the last three decades.

The WNC region naturally receives most of its rainfall during the spring and summer months, while the fall and winter
months are comparatively dry. This pattern in the distribution of rain throughout the year is essential to biological
processes, as forests need more water in the warmer growing season. Deciduous trees, the region’s dominant forest type,
especially take up much more water in spring and summer, when leaves are on the trees due to evapotranspiration (the
process of water coming through the leaves of trees and then evaporating into the air). With a warming climate, the timing
of precipitation can impact its growing season, potentially increasing tree mortality and providing more fuel for fire.

Depending on timing and location, fire can
be both an undesirable occurrence and an
important management tool.

Increased Risk of Wildfire
The frequency, size, and intensity of fires
depends on climate as well as forest
structure, composition, and human
es
activity. Decreased precipitation
Arson
from climate change could
increase fire risk in areas
normally subject to drought, and
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these changes could compound
existing fire risks.
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future fire seasons. While fire can
be detrimental to some forest types, the vulnerability of the forest
and nearby communities will depend on sustainable management
practices to foster its resiliency and ability to adapt.
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www.wncvitalityindex.org/risks-hazards-and-stressors/fires

Conversion to Developed Land
It is estimated that 214,265 acres of WNC’s forested
land area in 2006 will be converted to developed
land by 2030. This continued development
can lead to several challenges. For example,
continued development leads to an increase in
landslide risk from the erosion of steep slopes
and more frequent flooding from altered terrain
and hydrology. Additionally, as communities locate
closer to forested areas, the exposure to wildfire risk
becomes greater (studies show that 96 percent of all
fires are caused by human activity).
Protected/Open Space
Change Area, Natural 2006
to Developed 2030
Natural Area
Developed Area
Water

Areas Changing from Natural to Developed
www.wncvitalityindex.org/land/conversion-developed-land

Forests and Healthy Communities
www.wncvitalityindex.org/human-environment
human

Western North Carolina has a long history as a wellness retreat for those seeking its milder climate, abundant freshwater
springs, and the tranquility of its mountain landscape. Initially, many of the region’s homes and towns were built as places
for people to come and escape the summer heat of the coastal states or to seek reprieve from the bitter winters of the
north. This reputation as a destination for recreation and wellness
continues today, and is only expected to attract more people to the
area as extreme weather events threaten other areas of the country.

An Island of Green

In this land cover map of the eastern U.S., the WNC region appears
as an island of green—our vast forest system—amid a southeast
dominated by major metropolitan (red) and agricultural (yellow) areas.
Within a day’s drive to over half of the people in the U.S., this “island
of green” is easily accessible for many to visit or relocate. To maintain
the quality of life in the region with expected increases in population
and tourism, the challenge is to achieve a healthy balance between
these human-built and natural environments.

Population Growth

People per Square Mile

A century ago, WNC had a population density of 45.1 people per
square mile, while statewide there were about 52.5 people per
square mile. This density is still below that of the state, but has grown
most in counties that are near metropolitan areas, have interstate access,
and have the room room to accommodate the growth.
Western North Carolina’s population has grown at an average annual rate of
about 1.9 percent since 1920, significantly less than the state’s average annual
population growth rate of 3.0 percent over the same period. The projected growth
rates for the next 15 years have WNC (at 5.8 percent)
still much lower than that of the state (at 16.4 percent),
likely following the economic trends of the state’s major
metropolitan areas and their potential for expansive
growth. WNC, meanwhile, isn’t getting any larger and
faces challenges to growth due to the mountainous
terrain and amount of conserved forest lands.
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As WNC’s resident Baby
Boomer generation ages,
The mountainous and
projections into 2025 show
forested terrain of the WNC
increases in the older
region supports a mild
climate and rich ecology that populations. However,
is more likely to rebound from these projections may not
consider the in-migration of
change compared to other
individuals—regardless of
areas of the country.
age—who seek milder climate
extremes compared to other more severely impacted regions. This
unexpected growth could strain the region’s resources, affecting water
quantity, forest productivity, and water quality.
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www.wncvitalityindex.org/population/historical-population-trends
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How We Use Water

www.wncvitalityindex.org/built-environment

built

Western North Carolina has abundant rainfall, surface water, and groundwater, but the effects on our region’s forests from
an uncertain climate future places this life-giving resource at risk. Forest-based products, energy production, recreation,
and forest and human health rely on the availability and quality of water.

Regional Growth

In recent years, we have been converting to development a larger piece of mountain
forest and farmland for each person living in our region. In 1976, only .06 acres of land
were developed for each Western North Carolina resident. In 2006, we developed
.37 acres of land per resident. By 2030, we are projected to develop .5 acres of
land for each resident of the mountains, a 900% increase from the 1976
number.

Least
Subdivided
Most
Subdivided

This parcel density map shows in red how we’ve built our
transportation system along the natural courses of the rivers.
Parcel Density Analysis (2004–2006)
Our houses and businesses started out along the major transportation corridors and
branched out from the intersections. We’re continuing to branch out and up each mountain valley, but we also need to
consider how we manage our mountain lands and forests that provide valuable services, such as quality timber and water.
www.wncvitalityindex.org/land/parcel-density

Water Withdrawals

Although many people think of water supply being primarily linked to the water that comes from their tap, the two major
use categories in WNC are aquaculture and cooling for thermoelectric power plants. Much of the water withdrawn for use
in these operations is treated and then returned to the source a short distance downstream. However, in times of drought,
these two important sectors of the economy
could be very heavily impacted if there is
not sufficient water to meet their demand,
as daily withdrawals during regular, nondrought conditions for these two uses
account for 86% of total water usage
in WNC. Additionally, 22 hydroelectric
Water Usage in WNC (2005, millions of gallons per day) plants help to supply electricity to the
region.
www.wncvitalityindex.org/water-supply/water-quantity-and-use

Energy Generation

Most people think of energy related to the type of energy they consume—heat for their house, electricity for their lights
and appliances, and gasoline for their cars. When you look at what generates the electricity or gasoline, North Carolina’s
energy use by source is dominated by petroleum and coal. The energy sector is the second-largest consumer of water, as
power plants require large amounts of water for cooling, and available water for productive hydroelectric plants. Any future
changes to precipitation patterns will have significant implications for the health of forests and availability of quality water,
thus affecting energy costs for our region.
Hydroelectric (39%)

Coal (60%)

Other (1%)

Electricity Generation in WNC (2012)
Natural Gas (16%)
Coal (44%)

Electricity Generation in NC (2012)

Nuclear (34%)

Other (3%)
Hydroelectric (3%)

With no local deposits of coal,

petroleum, or natural gas, the
majority of energy resources for
North Carolina’s mountain region
must be imported.

Energy demand and energy costs are expected to increase into the near future. With the two climate models—the Hadley
and the Canadian—representing futures with increased water stress in the region, a greater share of family income will
have to be budgeted for these rising costs, whether it be for gasoline for our cars or heat and light for our houses.
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www.wncvitalityindex.org/energy/energy-resources

Managing Our Forest Markets
www.wncvitalityindex.org/economic-environment
economic

Western North Carolina has 3.2 million acres of timberland. Decreased precipitation or increased temperature as a result
of climate change will lead to increased drought, and the general response of forests to drought is reduced vegetation
growth or, in severe cases, plant death. This can introduce invasive pests or provide fuel for wildfire. Not only does
this threaten the resilience of the region’s forest communities and the ecological services they provide, it threatens the
economic infrastructure supported by timber markets, tourism, and the jobs this forested region creates.

A Changing Landscape

North Carolina’s forests are changing. In recent decades, the pace of development in rural, forested areas has increased
significantly, with the trend expected to continue to rise over the long term. The USDA Forest Service estimates that over
the next two decades the density of residential housing will increase on nearly a third of private lands neighboring national
forests in North Carolina.
As land is converted from forest to developed uses, forest habitats are broken into ever-smaller fragments. This
fragmentation of forested areas has consequences both for forests and for the people who live near them. For some
wildlife, fragmented forests are less desirable habitat and can allow access for invasive plants and insects. For people,
the fragmentation of forests with new housing development increases the exposure of
homeowners to wildfire risks, increases the risk of wildfire ignitions, and makes fighting
fires more difficult.
Forest fragmentation has an economic impact. When forests are broken
into small parcels, the economy of scale for forest management
is lost. Increased costs coupled with fewer opportunities
for long-term management and protection lead to
mismanagement and under-utilization of forests.
As forested land is fragmented for continued
development, management efforts to ensure the
health and longevity of our region’s forests and the
safety of our built communities is needed.
Threatened Forest Land (2011)
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www.wncvitalityindex.org/ecosystems/lands-managed-conservation

Climate Impacts on Forest Markets

Forests are acclimated to the climate zones in which they are found, and warming temperatures or variable precipitation
patterns are likely to shift suitable conditions, causing a shift in the region’s dominant forest types. These changes are
likely to affect insect and pathogen survival, reproduction, and distribution and can lead to increased tree mortality rates,
thus altering forest structure and the types and amount of forest products able to be harvested.

forests of WNC have been managed
sustainably in recent years, but larger
economic pressures have negatively
impacted the demand for harvested
timber from the region.

The decline of the furniture manufacturing sector and the
recently depressed housing market had lead to a shrinking
timber economy and eventually to the closing of several
regional sawmills. The potential for a thriving forest-based
economy for the region still exists, but a demand for these
products is first needed. The challenges from changes
in climate and continued sustainable forest management
practices mean we can ensure the region stays healthy to
support any future rebound in our forest-based economy.

Value of Timber Products
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From a timber supply standpoint, the

Aside from the ecological services they provide, the forests in WNC
provide different goods, services, and values, and it is the mature
forests that produce volumes of timber for higher-valued products
such as barrel staves or better grades of factory lumber. Responsible
management of our forests provides knowledge about the growing
timber stock. How this stock changes over time is central to
considerations of a sustainable supply of wood for products and the
ecosystems that provide them.
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About the WNC Vitality Index
Our foundation is the natural world we call home, and as humans we establish
culture by finding ways to earn a living and coexist with the natural environment. We
build our homes, businesses, schools, and roads to support these needs, and our
economy needs all of these to remain healthy to work.
To encourage quality growth in Western North Carolina, this regional assessment
helps to ensure sufficient management of our many attractive features: our
infrastructure, residential and commercial development, food production, energy
production, and recreational areas. Balancing these demands of land use is a
difficult challenge, but one that must be met in order to sustain the quality of life we
enjoy in the communities we call home.
The effort is made to allow planners, decision makers, and the public the information
necessary to inspire quality discussion and craft informed decisions on issues
affecting Western North Carolina’s abundant natural resources and its potential
for sustainable growth. The 27 counties of this report include six Councils of
Government: the High Country Council, three counties of the Western Piedmont
Council, the Isothermal Planning and Development Commission, the Land of Sky
Regional Council, the Southwestern Commission, and two counties of the Piedmont
Triad Regional Council.
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