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Executive Summary

HE KramaTa Basin of southern Oregon and

northern California is rich in history,

culture, and natural resources. This report
explores how the local communities and natural
resources of the Klamath Basin are expected
to be affected by climate change and identifies
approaches to preparing for such changes. Many
of the impacts from climate change are already
becoming apparent, such as an increasing average
global temperature, rising sea levels, earlier snow
melt, loss of snow pack, and changing precipitation
patterns and storm frequency. Without severe cuts
in greenhouse-gas emissions, these impacts and
others will continue to accelerate and negatively
affect local communities and natural resources.
While efforts to reduce emissions of greenhouse
gases are essential to prevent the most severe
impacts, we must also take steps to prepare for the
impacts of climate change already inevitable due
to emissions that have previously been released.

This project is the result of a collaborative
effort. The USDA Forest Service Pacific Northwest
Research Station developed projections for the
potential future climate of the Klamath Basin.
The University of Oregon’s Climate Leadership
Initiative and the National Center for Conservation
Science and Policy presented these projections to
local leaders and experts in the Klamath Basin
through a series of workshops. Leaders and
experts used these climate projections to identify
likely changes to natural (aquatic and terrestrial
species and habitats), built (infrastructure),
economic (agriculture, forestry, business), human
(health, education, emergency services), and tribal
(resources of cultural and indigenous community
importance) systems. Finally, recommended
strategies and actions were developed to prepare
communities and natural resources for those
changes.
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Future Climate of the
Klamath Basin

Three global climate models—CSIRO, MIROC,
and HADCM-and a vegetation model (MC1) were
used to project future temperature, precipitation,
vegetation, runoff, and wildfire in the Klamath
Basin. The three climate models projected an
increase in annual average temperatures compared
to baseline temperatures (2.1°F to 3.6°F [1.1°C to
2.0°C] increase by mid-century and 4.6°F to 7.2°F
[2.5°C to 4.6°C] by late century). Summer warming
was projected to be greater than warming during
other seasons.

Projections for annual average precipitation
ranged from an overall reduction of 11% to an
increase of 24%. All three models agreed that
future summers are likely to be drier (a decrease of
3-37%) than past summers.

Vegetation model results indicated a shift
in growing conditions in the Upper Basin that
could favor grasslands in areas currently suitable
for sagebrush and juniper. In the Lower Basin,
conditions are projected to favor oaks and madrone
over maritime conifer forest (redwood, Douglas fir,
and Sitka spruce), which are projected to decline.
The vegetation model also projects 11-22% greater
area burned by wildfire by late century.

Recommended Actions for
Preparation Across Systems

Through a series of workshops in the Klamath
Basin, participants made recommendations for how
to prepare for the changes expected under climate
change. While recommendations were made for
each specific system, many recommendations
provide co-benefits across multiple systems and
sectors. The strategies and actions suggested by
workshop participants are likely to increase the
resilience and resistance of local communities and
natural resources to climate change. A summary of

recommendations includes the following:

NATURAL SYSTEMS

e Protect areas with cooler water as air and water
temperatures rise. These include stream and
lake areas with groundwater-fed springs and
well-developed bank vegetation.

Decommission and re-contour nonessential
roads to reduce the overall impact of erosion
and sedimentation during severe storm events.

Reconnect rivers with floodplains, restore
wetlands, and restore streamside areas to
hold more water during floods and increase
groundwater recharge.

Protect intact habitats such as roadless areas
that provide strongholds for many native
species.

Reseed areas after disturbance with locally
collected native seeds to reestablish plants
that occur in the area and limit the spread of
invading species.

Develop new partnerships across agencies,
tribes, and landowners to encourage landscape
scale planning across jurisdictional boundaries.

BuiLT SYSTEMS

e Increase reliability of water supply and
decrease the likelihood of flooding by restoring
wetlands, constructing bioswales (landscape
elements designed to remove silt and pollution
from surface runoff water), and restoring
floodplains and streamside areas.

Provide water conservation incentives to reduce
demand and increase natural water storage.
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Provide homeowners with assistance in
lowering their energy use to reduce reliance
on services that may be interrupted.

Replace undersized culverts to prevent road-
stream crossing failures during floods.

Expand rail use to increase energy efficiency of
local and regional transportation and decrease
reliance on the road network.

Reduce the building of homes in fire-prone and
flood-prone areas to keep communities safe and
decrease the demand on emergency services.

EcoNnoMic SYSTEMS

Retain resiliency of natural systems so they
continue to provide ecosystem services such as
clean water supply, flood buffering, and timber
production so the communities and industries
they support are maintained.

Identify and take advantage of new renewable-
energy markets to reduce reliance on energy
systems that may be disrupted and to build a
local energy economy.

Support the growth of small farms that provide
local produce to improve food security and
nutrition within communities.

Retain large tracts of forestlands through
carbon credits or limits on subdivisions as a
means to reduce the risk of fire and the costs of
emergency services as well as develop a carbon
sequestration program.

Promote tourism for activities like birding and
cycling to expand the local economy while
other industries, such as forestry, may decline
due to climate change.

Increase size and resiliency of commercially
harvested fish populations through stream and
watershed restoration activities to reestablish
this sector of the economy.

HuMAN SYSTEMS

Improve detection of, and response to, new
diseases and disease vectors to quickly protect
communities from emerging health threats that
occur due to warmer temperatures.

Provide incentives for more efficient homes
that would reduce the impacts of severe heat
on local populations.

¢ Increase passive cooling and air conditioning in
public places to minimize the impacts of severe
heat on the health of community members.

Update emergency plans to reflect increased
likelihood of severe weather, floods, and
wildfires.

Engage with and communicate among
community groups (faith-based organizations,
nonprofit groups) to assist governments in
emergency response (e.g., distributing supplies
in response to flooding events and identifying
and assisting people at risk from severe heat).

TRIBAL SYSTEMS

e Improve communication among state and
federal agencies and tribes to allow for tribal
input to planning processes and broaden
community buy-in.

Investigate feasibility of carbon credits for
preserving tribal land forests to increase carbon
sequestration and improve the local economy.

Provide incentives for private landowners to
cultivate culturally important species of plants
and wildlife and allow for tribal use.

Acknowledge the value of traditional ecological
knowledge in managing natural ecosystems
and protect such knowledge from misuse.

Heat waves, severe precipitation events, and
prolonged drought are all expected to increase as
a result of climate change. The recommendations
made by local leaders and experts represent a
sample of potential actions and strategies that
could be taken in the Klamath Basin to prepare
for climate change. By increasing the resilience of
local communities in the Klamath Basin to changes
brought on by climate change, the potential negative
impacts of climate change would be reduced,
thereby increasing the potential for maintaining
current quality-of-life in the Basin.
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Purpose and Overview

This report is part of the Climate Futures Forum
project undertaken by the National Center for
Conservation Science and Policy and the University
of Oregon’s Climate Leadership Initiative.
The purpose of the project is to encourage the
development of basin-wide planning in Oregon
and California to prepare for the anticipated risks
and impacts brought about by changing climate
conditions. Taking steps to anticipate and prepare
for the likely consequences of climate change can
build resistance and resilience to the range of
stresses expected to occur over the next century.

The Climate Futures Forum helps local
stakeholders from a variety of systems and
sectors to assess climate change projections for
their region, identify likely impacts, and propose
management strategies to prepare for them.
The forum purposefully integrates strategies or
recommendations across different systems and
sectors within these systems (see box) to ensure
that climate change preparation actions produce
complementary benefits.

The climate change projections, likely impacts,
and proposed recommendations within this report
are the result of a climate modeling process and

FIGURE 1. The last 1000 years of global mean temperature,
in comparison to projected temperature for 2100. Drastic cuts in
greenhouse gas emissions would lead to an increase of about 2°C
by 2100 while the current trajectory will lead to an increase closer
to 4.5°C and as high as 6°C (adapted from IPCC 2007).

SECTORS WITHIN SYSTEMS

Throughout this report, we discuss Systems and
Sectors. Our convention is that each system is made
up of a number of sectors. For example:

Natural Systems: aquatic and terrestrial species and
habitats, water quality and quality, invasive plants, etc.

Built Systems: transportation infrastructure, homes,
buildings, water and power supply, etc.

Economic Systems: agriculture, forestry, retail, tourism,
commercial fishing, health care, etc.

Human Systems: social services, public health,
education, emergency services, etc.

Tribal Systems: communities, species, places and
artifacts of cultural importance

See page 5 for an overview of each system.

a series of workshops held in the Klamath Basin.
Workshop participants represented a broad
cross-section of expertise and knowledge from
individuals within each of the affected systems.
The strategies for addressing climate change-related
impacts suggested in this report are intended to
build resilience (i.e., the ability to recover from
impacts) in human and natural communities,
reduce short- and long-term risks, and capitalize
on resource management opportunities. Many of
these strategies are likely to reduce the costs of
responding to climate change as well.

EVIDENCE OF GLOBAL CHANGE

Experts agree that the earth is warming (Fig. 1)
and that the primary causes are greenhouse-gas
emissions and deforestation (IPCC 2007, USGCRP
2009). As global temperatures rise, there are likely
to be changes to climate patterns that will affect
land and water resources and the plant, animal,
and human communities that rely on them.

Global average temperature has increased 1.4°F
(0.7°C) since 1900 (National Research Council
2006). Carbon dioxide (CO,) is a major atmospheric
greenhouse gas and is primarily responsible for this
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increase. Ice-core data indicate that atmospheric
CO, levels are 30% above peak levels experienced
over the last 800,000 years. Concentrations of
this gas have risen 37.5% over the past 150 years
(from pre-industrial peak levels of 280 parts per
million [ppm] to current levels of 385 ppm [IPCC
2007, NOAA 2009]). This rise in CO, and other
greenhouse gases has also triggered the following
changes around the globe:

e Changes in seasonal precipitation, reduced
snowpack, earlier snow melt, and increased
storm severity (USGCRP 2009);

e An increase of 0.2°F (0.1°C) in sea surface
temperature since 1961, and substantial ocean
acidification (USGCRP 2009);

e An 8-inch (203 mm) rise in sea level (USGCRP
2009), following 2,000 years of little change;

e A decline in the amount of Arctic sea ice of
about 20% since the 1950s (Curran et al. 2003).

The Earth’s climate system is influenced by
many natural and human-caused components,
including volcanic eruptions, ocean dynamics,
vegetation growth, fossil-fuel combustion, and
deforestation. Until the 1980s, it was difficult to
determine which variables had more influence—
natural or human-caused. Since then, however, the
climate has veered in a trajectory that scientists
agree is primarily due to human-caused influences
(Fig.2). More information on the causes of climate
change is available in the reference section.

FIGURE 2. Only models that include
anthropogenic components of the climate
system, such as greenhouse gases and land
use, match the observed warming trend since
1960 (from Meehl et al. 2004).

ExPECTED FUTURE CHANGE

By the end of this century, CO, concentrations
could reach levels two to three times those of peak
levels over the past 800,000 years. Other greenhouse
gases (e.g., methane, nitrous oxide, ozone, and water
vapor) are also expected to rise. If the current trend
in emissions remains unchanged, global projections
for the coming century include the following:

e An increase of 2-11.5°F (1.1°C-6.4°C) in average
global surface temperatures (USGCRP 2009)

A sea-level rise of 3.3 to 9.8 feet (1 to 3 meters),
with greater rise (20 to 200 feet) possible
depending on ice-sheet stability (IPCC 2007,
USGCRP 2009)

Storm events, wildfire (Krawchuk et al. 2009),
and heat waves (USGCRP 2009) likely to
become more extreme.

PREPARATION Is ViTAL

Due to the buildup of greenhouse gases in
the atmosphere, the climate system will take
decades or possibly centuries before it stabilizes,
even with considerable reductions in emissions.
If emissions worldwide are not quickly and
substantially reduced in the immediate future, we
will lose the opportunity to reduce or mitigate the
overall magnitude of climate change. In addition,
communities can take action now to reduce their
risk from the inevitable changes triggered by
greenhouse gases already present in the atmosphere.
With well-developed preparation strategies, it may
be possible to reduce the severity of many near- and
long-term hardships, if emissions are also reduced
to limit the extent of climate change.
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EMISSIONS SCENARIOS AND CLIMATE MODELS

Please see the companion report, “Projected Future Conditions in the Klamath Basin of Southern Oregon and Northern
California,” for more information on the models, modeling assumptions, and projections.

The interactions that affect the Earth’s climate are complex. We rely on climate scientists and global climate models to
project how temperature and precipitation might change by mid- and late century, given what is known about relationships
between chemical, physical, and ecological systems. To test the models, climate scientists compare model results with
observed temperature and precipitation information. In this way, the scientists can assess how well the models “predict”
the past to determine how confident they are in projecting the future.

For this project, three global climate models (CSIRO, MIROC, and HADCM) were used to project a range of potential
future conditions in the Klamath Basin.! While the models have the same inputs, they interpret interactions between
these inputs in slightly different ways. This results in some variation among models. Despite their differences, all three
models have been reviewed by the Intergovernmental Panel on Climate Change (IPCC; the leading scientific organization
assessing climate change and the risks to environmental and socioeconomic resources) and have proven their ability to
accurately reflect past climate patterns and conditions. Model projections are never free of uncertainty (they are simplified
representations of complex processes), but they do provide the best available scientific information for assessing risks,
identifying preparation opportunities, and building management strategies. When compared to other models available
through the IPCC, two of the three models used in this report result in higher-than-average temperature projections for
the Pacific Northwest while the third results in lower-than-average temperature projections, providing a range of future
temperatures for the Klamath Basin.

Climate projections discussed in this report are based on the “business as usual” emission scenario (IPCC 2007), which
closely follows the global emissions path of the late 1990s. A sharp rise in emissions in the decade since means that
actual emissions have exceeded those used in the modeling for this report. Consequently, the report’s climate projections
may underestimate actual climate change impacts.

1 For a thorough description of the global climate models and their assumptions, see D. A. Randall, R. A. Wood, S. Bony, R. Colman, T. Fichefet, ). Fyfe,

V. Kattsov, A. Pitman, J. Shukla, J. Srinivasan, R. J. Stouffer, A. Sumi, and K. E. Taylor. Climate Models and Their Evaluation. In: Climate Change 2007: The
Physical Science Basis. Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change [S. Solomon,
D. Qin, M. Manning, Z. Chen, M. Marquis, K. B. Averyt, M. Tignor and H. L. Miller, eds.]. Cambridge University Press, Cambridge, United Kingdom and
New York, New York, USA. 2007.
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