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Foreword

This report was written under a grant received by the Minnesota Pollution Control Agency (MPCA)
from the U.S. Environmental Protection Agency’s Global Programs Division. More than 25 other
states have developed state climate change action plans. The approach and resources devoted to
developing these plans varied among the states. Some hired a consultant to conduct broad stakeholder
workgroups; others were more limited in their involvement of stakeholders. Some conducted in-depth
technical analyses of various greenhouse gas mitigation options; others developed more extensive
inventories. In all plans, the recommended actions fall into a few key areas, with reduced greenhouse
emissions from energy usage as the primary focus and an emphasis on improving carbon sequestration.

This report provides a framework for a Minnesota climate change action plan. To develop this
framework we developed detailed greenhouse gas emissions information and forecasts, as well as a
carbon sequestration inventory. We conducted a survey to learn what a broad group of stakeholders
(e.g., industry, non-profit groups, and government) think the role of state government should be in this
issue. We gathered a list of existing state programs that may be relevant to greenhouse gas control
through interviews with staff from over a dozen state agencies. To aid in communicating this issue
with other agencies, we also conducted a survey to learn about their attitudes and beliefs towards
climate change. The ideas put forth in this report are based on a synthesis of the information we
gathered.

This report does not commit any additional resources on the part of the MPCA or of others.

Throughout this paper, the term ‘we’ refers to the authors of this report.
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Minnesota Climate Change Action Plan:
A Framework for Climate Change Action

1.0 Summary

1.1 Introduction

The global climate change issue is one of the most studied problems in the physical sciences.
For the last three to four decades the underlying body of science has grown substantially.
National and international scientific bodies have reviewed this science on almost an annual basis
since the late 1970’s. A growing climate monitoring system is documenting the warming of the
earth’s lower atmosphere and surface and its effects on climate. Understanding of past climates’
features is now much improved, due to other research, allowing scientists to place the current
warming into perspective. Scientists have gone well beyond the initial questions of whether
elevated greenhouse gas levels in the atmosphere will absorb more radiation to greater
understanding on how the earth’s surface climate will respond.

After decades-long study of the problem, we are fairly confident of the following conclusions:'*

e the accumulation of greenhouse gases in the atmosphere, all other things held constant, will
cause increased heating of the earth’s surface and lower atmosphere leading to rising
temperatures;

e from today, mean global surface temperature will rise at least 1 degree Celsius (1.5 ° F) over
the next century;

e the range of possible surface warming depends as much on the rate of emissions of
greenhouse gases as it does on uncertainties in the response of global climate to higher
atmospheric levels of greenhouse gases. On the basis of the existing peer-reviewed science,
it is possible that the surface warming for the planet could be as great as 6 degrees Celsius
(11°F) by 2100 or as little as 1 degree Celsius (1.5 ° F);

e amean global surface warming of 3 degrees Celsius (5 ° F) or so from present levels would
be a warming of about the same size as the earth underwent at the end of the last ice age
(18,000 years before the present) to 10,000 years before the present;

o knowledge of how the earth’s climate will respond to warming of the lower atmosphere and
surface is extremely limited— scientists simply do not know how the climate will change
after a large surface warming. We are told that it is possible that today’s global climate could
abruptly shift to something quite different in terms of global atmospheric and oceanic
circulation, and that surprises are likely;’

''U.S. National Academy of Sciences, Climate Change Science: An Analysis of Key Questions (Washington, D.C.:
National Academy Press, 2001).

? Intergovernmental Panel on Climate Change, Climate Change 2001: The Scientific Basis (Cambridge, UK:
Cambridge University Press, 2001).

3 U.S. National Academy of Sciences, Abrupt Climate Change: Inevitable Surprises (Washington, D.C.: National
Academy Press, 2001).
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e mean global surface temperature already has warmed about 0.6 degrees Celsius (1 ° F) since
1880. Due to the lag time between emissions and global temperature increases, an additional
warming of at least several tenths of a degree Celsius can be expected over the next several
decades, plus whatever results from continued emissions;

e humans will have to adapt to some climatic changes because even under the most stringent
long-term international greenhouse gas control regime, the surface temperature of the earth
will still rise by at least 1 degree Celsius (1.5 ° F) and probably more.

Figure 1.1 Projected Global Temperatures During the 215t Century Are Significantly Higher Than at
Any Time During the Last 1000 Years

Variations of the Earth’s surface temperature: 1000 to 2100
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Source: Intergovernmental Panel on Climate Change, Climate Change 2001: Synthesis Report

Much more needs to be done and known. By definition, the effects of global climatic change are
uncertain. Human economic systems can probably adapt to changing climate through slow
adaptation, but some losses are inevitable. Natural ecosystems are unlikely to easily adapt to a
rapidly changing climate, and, if the more extreme predictions for surface warming become
reality, are likely to be substantially disrupted. This is because natural systems adjust only
slowly to climatic changes, and do so primarily through migration, which human barriers in the
form of cities, highways and intensively-managed landscapes make difficult.

It is often suggested that impacts will vary roughly according to the intensity of the overall rate
of warming. If the overall warming remains relatively limited, in the 1 to 1.5 degrees Celsius

page 2
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(1.5 - 3 °F) range over one-hundred years, future climates would not differ too much from
climates of the present, suggesting more minor impacts. If large and rapid, however, the
warming is more likely to involve large negative effects to natural systems, and presumably
some substantial effect on economic systems.

1.2 What Is At Stake for Minnesota?

The effects of global climatic change in Minnesota probably will involve substantial warming,
particularly in winter, and possibly increased precipitation. Since 1900, average annual surface
temperature in Minnesota has increased about 1 degree Fahrenheit, while annual average
precipitation has increased by about 15 percent. It seems possible that these trends will intensify.
However, it is also possible than these trends, particularly in the case of precipitation, could
reverse, perhaps many times, over the next hundred years.

Potential changes in other climatic parameters like cloudiness, relative humidity, or incidence of
drought are unknown. It is thought likely that the incidence of heavy rainfall events will
increase, continuing trends in the U.S. of the past fifty years. This suggests a possible increase in
flooding and, paradoxically, greater likelihood of drought in summer as more moisture runs off
and less is stored in soils. Warming during November/December and February/March will
shorten the winter season by a month or two.

The existing ecology of Minnesota is characterized by rapid transitions in landscapes as shown in
Figure 1.2. From east to west, the landscape transitions from woodland to oak savannah to
prairie. From north to south, it moves progressively from boreal fir-spruce forest, to aspen and
birch forest, and then to hardwoods like oak. These rapid transitions reflect the extreme diversity
of climate in the state, warm enough in the south to support oak hardwood forests, cold enough
in the north to support boreal forest, and dry enough in the west to support prairie. Scientists
believe that much of the effect of climatic change in the continental U.S. will concentrate along
vegetational boundaries like these. In Minnesota, this could involve:

e retreat of the boreal forest of the far north into Canada;

e northward expansion of grasslands and savannah into the extreme northwest and northern
part of the state;

e replacement of the North Shore and Boundary Waters Canoe Area conifer forest with
northeast mixed hardwoods;

e retreat of habitat for cold water species of fishes into extreme northern Minnesota;

e cstablishment in Minnesota of animal and plant species now found well to our south.
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With the exception of forestry, agriculture and
tourism, the economic system in Minnesota is
probably fairly well-insulated from climatic changes.
Agriculture may prosper in Minnesota as cold-season
constraints to production are reduced. Forestry will
go the way of the forests. If these decline, so too will
forestry. Of necessity, the tourist industry will need to
refocus on warm season activities and activities not
Ea dependent on cold weather. It is possible that

Bro Forest environmental protection will become more
expensive, if only due to the broad array of possible
future weather conditions for which wastewater
Prairie Parkland treatment facil.ities or flood control structures will
have to be designed to meet. As peak-day

temperatures at the surface increase, it is also possible
Figure 1.2 Minnesota’s Ecological that air quality will decline, requiring more intensive
Systems in 2000 (Source: DNR) efforts to control air pollution.

Winter heating costs will decline, but summer cooling costs will rise. Cold climate constraints to
construction activities during the winter season will be relaxed. Greater expenditures on public
health probably will be required to control the spread of insect-borne infectious diseases that
thrive in warmer climates.

1.3 What Are Minnesota Greenhouse Gas Emission Trends and Sources?

Greenhouse gas emissions in Minnesota in 2000 were roughly 138 million CO;-equivalent tons.
This is up about 18 percent from 1990 levels, and about 40 percent from estimated 1970 levels.
Emissions are increasing at a rate of about 1.7 percent per year, which is faster than the U.S.
national rate of increase. Transportation and electrical generation are the largest sources of
emissions in Minnesota. Together they account for about 70 percent of greenhouse gas
emissions from the state. Agricultural activities, particularly those associated with field
cultivation of row crops, accounts for about 20 percent of greenhouse gas emissions.

In contrast to absolute emissions, emissions of greenhouse gases from Minnesota per unit of
economic production (gross state product) have declined about 50 percent since 1970. Since
1990, emissions per unit of production have declined about 15 percent. This suggests that, as the
efficiency of the economic system improves, the rate of growth in emissions will remain well
below the rate of growth of the economy.

Greenhouse gas emissions from Minnesota sources are expected to increase in the future. By
2010, emissions are forecast to increase to about 160 million CO;-equivalent tons, or about 15
percent above 2000 levels. This continues the observed 30-year tendency toward progressively
higher levels of annual emission.
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Figure 1.3 Historic and Forecasted Greenhouse Gas Emissions from Minnesota
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Offsetting the emission of greenhouse gases is the removal of greenhouse gases, mostly carbon
dioxide, from the atmosphere as a result of the photosynthetic activity of plants, the growth of
trees, and the expansion of Minnesota’s timberland. As trees grow, carbon is withdrawn from
the atmosphere and incorporated in the living biomass of the tree, where it can remain stored as
wood or forest litter for hundreds of years. Carbon continues to accumulate in Minnesota’s
forests, in agricultural soils, in solid waste landfills, and in residential and commercial buildings.
The carbon withdrawn from the atmosphere offsets about 20 million CO,-equivalent tons of
greenhouse gas emissions annually.

It is likely that the historic trend in carbon accumulation in Minnesota’s forests and soils will
continue, as the growing season lengthens and the climate moistens. The growing season in
North America has increased about 12 days over the last few decades, and rainfall has increased.
Working against this is the aging of Minnesota’s forests. Older, more mature forests remove
progressively less and less carbon from the atmosphere on an annual basis as they age. This will
act to dampen somewhat the effect of longer growing seasons and wetter conditions.
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1.4 What Minnesota State Programs Are Potentially Relevant to the Control of Greenhouse
Gases?
We have inventoried and catalogued a large number of governmental programs in Minnesota that
may have some relevance to any possible emissions control effort for greenhouse gases. These
span the gamut from energy efficiency programs to programs in agricultural land preservation.
These programs were created for purposes other than addressing climate change, such as
achieving greater energy efficiency, promoting water conservation, reducing waste, or preserving
forests and farmland.

Some of the more promising programs appear to be:

e SCORE program (solid waste recycling)

e MPCA closed landfill program (methane capture at landfills)

e Conservation Improvement Program (demand-side management for investor-owned utilities)
e transportation fuel formulation mandate (ethanol)

e Xcel Energy wind power mandate (wind power replacement for coal-fired generation)

e (Conservation Reserve Enhancement Program (agricultural land retirement)

e Minnesota Residential Building Code (residential energy efficiency)

We have not evaluated each program that was identified for effectiveness in controlling
emissions of greenhouse gases. It is possible that many only marginally influence the rate of
production of greenhouse gases within the borders of Minnesota, and that at least some promote
higher, rather than lower, rates of emissions from the state. As the state goes forward, it may be
useful to perform this program analysis. The catalogue of programs was assembled from a
survey of state agency personnel, who were asked to review a list of programs prepared by
MPCA staff as potentially acting to limit the emission of greenhouse gases from Minnesota.

Some of the agency personnel in Minnesota state government have a well developed
understanding of the issues involved in the climate change questions. Others have a poorer grasp
of the issue. This may be a factor in any state government program to respond to the problem of
global climate change.

1.5 What is a Strategy for Minnesota in the Climate Change Problem?

The global climate change problem is one with very long time-frames. It has taken many
decades to induce the planetary warming that is now evident in the environment. It will take
many decades to develop a truly effective response to the problem. It could certainly take many
decades to direct the commercial energy sector away from fossil fuel use or, in absence of that,
toward capture and sequestration of co-produced greenhouse gases. The development of a robust
and effective international regulatory system will take many years.
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What we think we understand about the dimensions of this problem:

e that international effort to control greenhouse gas emissions is going forward on the part of
the U.S.’s major trading partners, and that trade pressures make it likely that at some point in
the future the U.S. will be drawn into an international regulatory program;

e that the increasing body of biological and physical indicators (such as sea level rise, coral
reef bleaching, and changing plant and animal ranges) of the apparent effect of greenhouse
gas emissions will act as a continuing pressure for regulatory action, both nationally and in
the state;

e that, despite this, the state probably has time to develop and implement greenhouse gas
control measures—3 to 10 years—and that in the short-term, the challenge is to keep the
growth in emissions from getting too far from current levels;

¢ that unilateral action now on the part of the state of Minnesota focused solely on reducing
greenhouse gas emissions, particularly if aggressive, may place Minnesota businesses at a
competitive disadvantage:

e that the economy of Minnesota is probably far from optimally invested in energy and
materials-use efficiency;

e that this under-investment in efficiency may make it possible, through a strategy designed to
increase the efficiency of energy and materials use in the economy, to simultaneously reduce
emissions of greenhouse gases (or at least slow the rate of increase in emissions) and grow
the economy; and,

o that present-day efforts to develop the energy technology that will be required nationally in
future years to address the problem of global warming may yield long-term economic
benefits to the state.

All of this argues for a strategy for Minnesota consisting of:

1) a ‘no-regrets’ short-term strategy centered on improved efficiency of the state’s economy in
the use of energy and materials, and

2) alonger-term effort to slowly wean the economy from its dependence on fossil fuels and
their associated greenhouse gas emissions.

By aggressively pursuing opportunities to improve overall energy and materials-use efficiency in
the state, it should be possible in the short-term to simultaneously grow the economy and limit
the growth in emissions of greenhouse gases. By slowly going beyond energy efficiency
improvements to de-couple greenhouse gas emissions from economic growth, it should be
possible to minimize the economic costs of long-term emission reductions, while, at the same
time, respond to a serious environmental problem. This strategy has the additional virtue in that
it acts to minimize the risk to the Minnesota economy of long-term federal regulatory action.

An efficient economy would use energy at rates substantially lower than is realized under
business-as-usual conditions. The average rate of improvement in the efficiency of energy use in
the Minnesota economy between 1980 and 2000 was about one percent per year. This suggests
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that something in the one and one-half to two percent per year range sustained over several
decades might constitute a useful goal. The large apparent pool of efficiency improvements that
is economically justifiable using conventional financial analysis suggests that the historic rate of
improvements could be increased by at least half, with energy use reduced a commensurate 15
percent over two decades.

Thus a two-track approach has the virtue of reconciling shorter- and medium-term concerns for
sustained economic growth with longer-term environmental considerations. Among other things,
this would allow Minnesota’s public leaders a window of time to become conversant in the
question, to understand the long-term issues involved, and to bring the citizenry and the political
parties in the state to a common understanding of what needs to be done. In addition, the ‘no-
regrets’ actions focused on energy efficiency improvements can simultaneously lower emissions
of criteria pollutants, thus improving air quality in Minnesota and helping to protect public
health.

The Bush Administration has taken the first steps toward the development of a national policy on
global climate change built around a 10-year target for U.S. greenhouse gas emissions, a
voluntary program of reductions, credits for early action, and research and development. A two-
track approach would align well with the Administration policy.

The kinds of things that recommend themselves for the long-term component of a dual-track
policy include:

e research and monitoring to identify and track ecosystem changes

e technical assistance for farmers and small landowners

e information disclosure and education

e investigation of voluntary efforts to control methane and HFCs

e alternative energy development

e long-term planning

There are a number of ongoing efforts in the areas of pollution prevention and energy
conservation. These could form the initial basis for a shorter-term ‘no-regrets’ efficiency
strategy. Some specific MPCA actions that would be consistent with this strategy might include:

e continuation of an annual greenhouse gas inventory (tracking aggregate trends in state
emissions) with annual reporting and public disclosure;

e development of a detailed state-level carbon sink inventory;

e promotion of (or possibly development of) early emission reduction credit registries and/or
promotion of the Chicago Climate Exchange early reductions markets. This could include
technical assistance to small businesses and farmers desiring to participate in early credits
markets like the Chicago Climate Exchange;
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e promotion of energy efficiency in MPCA loans and grants to public facilities for pollution
control or through requirements in Supplemental Environmental Projects;

e integration of energy efficiency as a consideration in MPCA facility permitting processes.
We could look at innovative ways to encourage companies to invest in energy efficiency
through incentives such as flexible permitting or relaxation of recordkeeping and reporting
requirements;

e participation in state energy planning processes like the Integrated Resources Planning
process and Conservation Improvement Program.

MPCA efforts that support the long-term strategy component include continuing to integrate
climate change information into existing outreach/education activities and reports. To this end,
the MPCA is working with college and university researchers to learn what their research tells us
about Minnesota’s vulnerability to climate change. (A survey conducted for this report revealed
that other government agencies look to us -the MPCA- for information on climate change.)
Informed public and private sector decision-making depends on access to good information
about this issue.

1.6 Conclusion

Minnesota’s water, land, and air quality — environmental resources the MPCA is charged to
protect — are likely to change more with a changing climate. The challenges involved in
responding to the problem of human-induced global climate change are numerous. However,
with all the pitfalls and perils, there also are substantial opportunities for Minnesota. The trick is
in doing what is needed now when pursuing a no-regrets efficiency strategy, and later a more
technology-based response that begins the shift of the economy from reliance on fossil fuels
toward low-emitting sources of energy. The state probably has a window of three to ten years
before any dramatic changes are required. During this period, it can put into place the
components of a strategy that will produce a high-efficiency economy and begin to develop
answers to the questions that in the long-run will need to addressed. Ultimately, it will be those
answers that, in the long-term, will determine how successfully the state responds to the
challenge of global climate change.
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2.0 Actions That Others Are Taking

This section provides a brief description of climate change related actions at the international,
national, state, business, and local levels. These actions provide the backdrop for state activities
and are an important consideration in how Minnesota shapes its strategies on this issue.

2.1 International Action

Over the past decade, the most important event in shaping international climate change policy is
the United Nations Framework Convention on Climate Change (UNFCCC). The stated goal was
to “stabilize greenhouse gas concentrations at a level that would prevent dangerous
anthropogenic interference with the climate system”. The signatories agreed that returning
emissions to 1990 levels, as a benchmark, would be an appropriate first step. The U.S. ratified
the UNFCCC in 1993. Under this, the U.S. has pledged to implement policies to stabilize
greenhoyse gases to 1990 levels. In 2000, the United States exceeded these levels by 14.2
percent.

The Kyoto Protocol, signed in 1997 in Kyoto Japan, is a tool developed to implement the
UNFCCC. It required five percent mandatory reductions of greenhouse gases in aggregate from
1990 levels by 2010 by North America, Russia, Western and Eastern Europe and Japan. Thirty-
nine industrialized countries were to be governed by the original agreement, but the Bush
Administration opted not to participate in March 2001.

In Bonn, Germany in June of 2001, 180 nations (the U.S. was not one of these nations) agreed to
an “operational rulebook” for the Kyoto Protocol. The agreement takes effect when ratified by
55 percent of nations responsible for 55 percent of 1990 emissions. This can be accomplished
without the U.S. Once Russia ratifies the necessary 55 percent will be achieved. Ratifying
countries must reduce emissions of CO; to an average of 5.2 below 1990 levels between 2008 to
2012. Developing nation reductions can participate through the Clean Development
Mechanisms outlined in the Kyoto Protocol. In Marrakesh, in November 2001, participating
nations agreed on the details of implementing the Kyoto Protocol. At present, enough countries
have either ratified the Protocol or have indicated their intention to ratify the Protocol that it
probably will take effect in 2003.

2.2 National Action

In February 2002, President Bush announced a new climate strategy for the U.S. that sets a
voluntary “greenhouse gas intensity” target, improves programs for companies to voluntarily
reduce and report their emissions, and proposes increased funding for research. The strategy’s
target is an 18 percent reduction in emissions per unit of Gross Domestic Product by 2012.
However, this target could still allow emissions to grow about 15 percent or greater by 2010 if
historic rates of growth persist.

While no significant national climate legislation has passed to date, the level and intensity of the
debate has increased dramatically at the national level. As an example, congressional activity on
climate change has increased substantially in recent years. The number of introduced bills

* U.S. Environmental Protection Agency, Office of Atmospheric Programs, Inventory of U.S. Greenhouse Gas
Emissions and Sinks: 1990-2000. April 15, 2002. www.epa.gov/globalwarming/emissions/national
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increased from seven in the 105™ Congress (1997-1998) to 25 in the 106™ Congress (1999-
2000), and to over 50 in the 107" Congress (2001-2002).°

As a signatory to the UNFCCC, the U.S. fulfills the requirements of annually submitting a
progress report with an inventory and policies. The most recent report was submitted in May
2002.° An Early Credits Registry was put in place under Section 1605b of the Energy Policy Act
of 1990. Some firms, including many utilities, are participating in this. Since 1994, claims for
roughly 1.5 billion CO;-equivalent tons of early greenhouse gas reductions have been filed by
U.S. corporations with the Department of Energy under its 1605b program. These reductions are
equivalent to about one-quarter of one year’s emissions from the entire U.S. economy. They
have been made on the understanding that the participating firms will be able to apply these early
reductions against any future obligations incurred under a Federal greenhouse gas regulatory
program.

The U.S. has made significant investments in climatic research in the past and President Bush
has proposed increasing these investments for the future focusing in particular on better
understanding of the potential impacts of human-caused climate change.

2.3 Other States’ Actions

States are leading efforts to reduce greenhouse gas concentrations through their role in land-use,
transportation, utility, agriculture, taxation, and other policy areas affecting the environment.
Twenty-seven states have developed strategies for reducing greenhouse gases. While these
strategies for the most part have not been implemented by states, a number of states have made
some significant achievements.

Most notable is California with its first-of-its-kind bill to limit CO, emissions from vehicles. It
was signed by Governor Gray Davis on July 22, 2002. It requires the California Air Resources
Board to develop carbon dioxide standards for vehicles in model year 2009 and beyond. The
standards will apply to automakers' fleet averages, rather than each individual vehicle, and
carmakers will be able to partially achieve the standards by reducing pollution from non-auto
sources (e.g., factories, etc.).

Massachusetts set a national precedent by passing regulations in 2001 to clean up six existing
power plants, which include a cap on carbon dioxide emissions. The law allows offsite
reductions towards demonstration with the carbon dioxide limit. Massachusetts is part of a
larger effort of six New England states. In August 2001, six states (Massachusetts, Connecticut,
Rhode Island, New Hampshire, Vermont, and Maine) and five east Canadian provinces signed a
pact to reduce greenhouse gas emissions. They pledged to cut emissions to 1990 levels by 2010
and by 10 percent below that level by 2020. New Jersey is on track to reach their greenhouse gas
reduction goal: reduce greenhouse gases by 3.5 percent below 1990 levels by 2005.

Oregon has a limit of 0.7 1b. CO; per kilowatt-hour for new electrical generating units. This
essentially dictates that all new electricity production be combined cycle natural gas - not coal.

> Pew Center on Climate Change, Climate Change Activities in the United States, June 2002.
www.pewclimate.org/projects/us_activities.cfm

6 U.S. Department of State, U.S. Climate Action Report 2002, Washington, D.C., May 2002.
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In addition, more than 20,000 people signed up for the “Blue Sky Program” and pay $3.00 more
a month to support electricity production from sources that do not contribute to global warming.

Voluntary state greenhouse gas registries are being developed or considered in at least 13 states.
These registries are designed to help entities that are interested in reducing greenhouse gases
quantify and register their emissions in order to better understand and manage them. Registries
can also help raise awareness of climate change, promote success stories, and publicize low-cost
mitigation opportunities. California’s registry is the most advanced. It opened in fall 2002 with
two dozen charter members. It is designed such that entities in other states can participate as
well. Wisconsin’s new registry includes greenhouse gases and criteria pollutants and has
mandatory reporting rule for major sources greater than 100,000 tons CO, per year. The New
England states are working towards a regional registry and other efforts are going on in Texas
and Illinois. The Pew Center on Global Climate Change has completed several reports that
discuss issues around developing greenhouse gas inventories.” In July 2002, the Meridian
Institute based in Dillon California also completed a summary of programs involving greenhouse
gas accounting.

2.4 Business Actions

Numerous companies based or operating in the United States are undertaking actions to address

climate change. These actions include setting greenhouse gas targets, undertaking energy

efficiency improvements, increasing carbon sequestration efforts, investing in renewables,

developing energy-saving products and participating in emissions trading. A few of these

companies have operations in Minnesota. Target Corporation, based in Minneapolis, recently

joined the Climate Leaders Program announced by the Bush Administration in early 2002.* Ford

Motor Company, which has a plant in St. Paul, Minnesota, has committed to improve the fuel

economy of its U.S. SUV fleet by 25 percent from 2001 levels by 2005. IBM, which has

operations in Rochester Minnesota, has pledged to:

e Conserve, in each year, four percent of the energy that would otherwise have been consumed.

e Reduce CO; emission associated with IBM’s use and electricity consumption by an average
annual four percent of what would otherwise have been emitted, over the period 1998 to
2004.

e Have 90 to 100 percent of the new models introduced during the year meet EnergyStar”™
criteria

e Reduce perflourcarbon emission from semiconductor manufacturing worldwide by 40
percent from 1995 levels by 2002 (indexed to production)

e Reduce perflourocarbon emissions from semiconductor manufacturing worldwide by 2010.”

A market for early reductions is developing. The Chicago Board of Trade has set up the first
voluntary U.S. emissions trading pilot program called the “Chicago Climate Exchange®™” that is
expected to begin operation in spring 2003. It is administered by Environmental and Financial

7 For listing of reports by the Pew Center on Global Climate Change go to
http://www.pewclimate.org/projects/index_solutions.cfm

¥ For description of Target’s participation in the Climate Leader Program go to:
http://www.epa.gov/climateleaders/partners.html#target

? Pew Center on Global Climate Change, Climate Change Activities in the United States, June 2002. Available at
http://www.pewclimate.org/projects/us_activities.cfm
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Products, LLC and the Kellogg School of Management under a grant from the Joyce Foundation.

Firms accounting for about a fifth of the Midwest emissions, many of them utilities, are already

participating. The stated goal of the program is “to design and implement a voluntary private

pilot market first based in seven U.S. Midwestern states (Illinois, Indiana, lowa, Michigan,

Minnesota, Ohio and Wisconsin), and later expanded to include national and international

sources.”” Initial propositions of the program are:

e Voluntary emissions reductions and trading for all six greenhouse gases,

e Phased-in commitments, starting with a target of two percent below 1999 levels during 2002
and declining gradually (one percent per year) thereafter,

e Monitoring, verification, tracking and reporting requirements, and

e Credits given for targeted domestic and foreign emissions offsets projects, including methane
destruction, solar and wind energy projects, and certain carbon sinks.

In addition, international carbon trading brokerage firms exist for corporations and offset
providers. Businesses with U.S. operations are already participating. For example, in July 2002
Ontario Power Generation purchased 6 million tons CO,-equivalent (forward) with an option to
buy 3 million more tons in the future. Blue Source, the offset provider, has clients in Texas,
Wyoming and Mississippi that have installed a CO; pipeline to recover gases from oil production
that would otherwise have been vented to the atmosphere.'’

2.5 Local Actions

In May 2001, the City of Duluth became the 101st municipality in the United States, and one of
over 500 worldwide, to make a local commitment to the reduction of greenhouse gas
emissions.'” The worldwide effort, called Cities for Climate Protection Campaign, is
coordinated by the International Council for Local Environmental Initiatives (ICLEI). Duluth
has pledged to:
e Take a leadership role in increasing energy efficiency and reducing greenhouse gas emissions
from municipal operations;
e Develop and implement a local action plan, which describes the steps to reduce both
greenhouse gas and air pollution emissions. The plan will include:
(1) A greenhouse gas emissions analysis and forecast to determine the source
and quantity of greenhouse gas emissions within the jurisdiction;
(2) A carbon dioxide or greenhouse gas emissions reduction target;
(3) The strategy for meeting Duluth's greenhouse gas reduction target, including
an outline of the programs and measures that will be implemented to
achieve the target.

Duluth was the third Minnesota city to join in the ICLEI program St. Paul'® and Minneapolis
joined the Cities for Climate Protection Campaign in 1993. In 1993, the Twin Cities pledged to
reduce emissions by 20 percent from 1988 levels by 2005 or more than 6 million tons. In 2000,

' Information from Chicago Climate Exchange website at http://www.chicagoclimatex.com/
" http://www.CO2e.com

2 For more information on Duluth’s climate change actions go to
http://www.ci.duluth.mn.us/city/information/ccp/index.htm

" For more information on St. Paul’s climate change actions go to
http://www.stpaul.gov/depts/tms/co2rednsumy.html
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plans developed and implemented by Minneapolis and St. Paul received “Milestone Awards”
from the International Council for Local Environmental Initiatives — its five stars symbolizing
the highest achievement that a city can attain in its ongoing effort to improve energy efficiency
and reduce greenhouse gases. (Only three others — Portland, Oregon; Chula Vista, California;
and Miami-Dade County Florida — have received this honor.)

Hennepin and Ramsey Counties, whose combined population accounts for a third of all
Minnesotans according to the 2000 census, also are participating in the Climate Protection
Campaign. The Ramsey County Board adopted a resolution to join on April 24, 2001."*
Hennepin County joined at the same time as Minneapolis and St. Paul.

By reducing greenhouse gas emissions these local governments are also saving money. For
example, St. Paul has successfully reduced greenhouse gas emissions through energy retrofits in
City buildings, increased public transportation options, urban reforestation, promoting the use of
renewable energy sources, and recycling/waste reduction programs. The emissions and
monetary savings from existing recycling and composting programs and waste-to-energy add up
to over 155,000 tons of greenhouse gas emissions and $4,263,886 saved yearly; accounting for
35 percent of the total program greenhouse gas savings. The city of Saint Paul has documented a
four percent reduction in its overall greenhouse gas emissions from 1988 to 2002, focusing
primarily on partner initiatives and operations under municipal control. Saint Paul's ongoing
initiative is the Environmental-Economic Partnership Project (E-EEP). The E-EEP is an overall
energy conservation and CO; reduction strategy and implementation plan. Together, these
initiatives reduced CO, emissions in the St. Paul area by more than 443,000 tons in 2002 and
costs by $37,000,000.

' Resolution requires County Manager to prepare an action plan which details the steps Ramsey County will take to
reduce greenhouse gases and air emissions. For text of resolution go to:
http://www.co.ramsey.mn.us/cb/ma/minutes/M042401.htm
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3.0 The Scientific Background

This section provides a brief background on the science behind climate change: a description of
how greenhouse gases influence climate, a listing of the principal greenhouse gases and their
sources, and the time-scales for their removal from the atmosphere.

3.1 Relationship of the Greenhouse Gas Effect to Climate Change

Global climate change, as it is referred to today, is the change in the earth’s climate that arises
from the emission to and build-up in the atmosphere of greenhouse gases. Human activities are
releasing large amounts of what are known as greenhouse gases into the atmosphere, and
intensifying the existing background greenhouse effect, raising the surface temperature of the
earth, and changing the distribution and nature of regional climates.

The earth’s atmosphere contains clouds that reflect incoming sunlight, thereby cooling the
planet, particles that act to scatter sunlight, also cooling the planet, and gases that absorb infrared
radiation or heat. The principal infrared-absorbing gases, known as greenhouse gases, include
carbon dioxide (CO,), water vapor (H,O) and ozone (O3). Together they create what is known as
the background greenhouse of the planet, adding roughly 60 degrees Fahrenheit to the mean
surface temperature of the earth. These greenhouse gases keep the earth warm by trapping the
sun’s energy in the lower atmosphere and slowing its release back to space. Without greenhouse
gases, the earth would not support life as we know it.

Human activities have been adding to the background greenhouse of the planet, leading to higher
concentrations of existing greenhouse gases, as well as introducing new greenhouse gases to the
atmosphere. The accumulation of these infrared-absorbing gases in the atmosphere act to
increase the heat-trapping effect of the atmosphere — leading to more atmospheric absorption of
heat and greater downward thermal emission of heat from the middle and lower troposphere (the
atmospheric layer extending upward from the earth’s surface about 5 miles) to the surface.

Climate, as it is experienced by people, results from, among other things, surface heating and the
motions of the atmosphere. The motions of the atmosphere fall into fairly recognizable patterns
that result principally from the geographical distribution of surface heating. The polar regions
are cold, tropical latitudes are warm. Oceans are sometimes warmer than land masses,
sometimes cooler. The earth’s atmosphere acts like a giant heat engine, moving heat from areas
of excess to areas of deficit, and in the process creating what people know as weather and
climate.

Global warming is altering the geographical distribution of surface heating. If the underlying
science is correct, this will result in a broad redistribution of climates across the surface of the
earth in as little as 100 years. The Intergovernmental Panel on Climate Change (IPCC) in its
latest assessment concluded that the average global surface temperature has already increased
more than one degree F, although the increase is unevenly distributed. The IPCC reconstructions
of climate data from the past 1000 years suggest that it is unlikely that this degree of warming

!> Numerous sources exist for learning more about climate change science. Suggested sources include the
Intergovernmental Panel on Climate Change (http://www.ipcc.ch/) and EPA’s global warming website
(http://www.epa.gov/globalwarming/).
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was due to natural forces alone. The IPCC projects average global temperature to further
increase 2.5 to about 11 degrees F from 1990 to 2100 based on a number of climate models.
According to the IPCC, this projected warming is far in excess of the warming seen in the 20"
century and is likely without precedent for at least the past 10,000 years based on paleoclimate
records.

3.2 Principal Greenhouse Gases

Principal greenhouse gases that are emitted by or formed in the atmosphere as a result of human
activities include:

e carbon dioxide (COy),

methane (CHy),

nitrous oxide (N,0),

tropospheric ozone (O3), and

CFC-12 (in the family of chlorofluorocarbons -CFCs).

A partial listing of human-caused greenhouse gases of lesser significance includes: other CFCs,
HCFC-22, HFC-134a, carbon tetrachloride (CCls), methyl chloroform (CH3CCls), carbon
tetrafluoride (CF4), perfluoroethane (C,F¢), and sulfur hexafluoride (SFs). HCFC-22 is of a class
of compounds known as hydrochlorofluorocarbons. HFC-134a is of a class of chemical
compounds corporately known as hydrofluorocarbons. C,Fs and CF4 are part of a class of
compounds known as perfluorocarbons.

Greenhouse gases are emitted during a variety of activities from energy production to
agriculture. Section 5.0 quantifies the sources and sinks of greenhouse gases in Minnesota.
Table 3.1 lists the primary sources the various greenhouse gases and a description of each
follows.
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Table 3.1 Principal Human Sources of Greenhouse Gases
(Arrow direction indicates whether concentrations are increasing or decreasing)

Carbon Dioxide 1

Fossil Fuel Production and Combustion
Deforestation

Limestone Consumption

Cement Manufacture

Methane 1

Rice Cultivation

Enteric Fermentation in Livestock
Manure Management

MMSW Landfills

Coal Mining

Natural Gas Production and Transmission
Biomass Burning

Chlorofluorocarbons 1 |-depending on CFC

Cooling and Refrigeration

Plastic Insulating Foams

Manufacture of Plastic Cushioning Foams
Solvent Uses

Ozone Precursors
Fossil fuel combustion
Industrial Processes

Biomass Burning
Soils Nutrient Management

Nitrous Oxide 1

Soil Nutrient Management
Manure Management
Biomass Burning

Coal Combustion

Perfluorocarbons 1
Aluminum Manufacture
Semiconductor Manufacture

Hydrofluorocarbons 1
Cooling and Refrigeration

Hydrochlorofluorocarbons?
Cooling and Refrigeration
Solvent Use

Plastic Insulating Foams

Chlorocarbons |
Metal Cleaning

Sulfur Hexafluoride 1
Electrical Equipment

Carbon Dioxide (CO»)

The principal source of emitted CO is fossil fuel combustion. Some emissions are cycled back
into natural “sinks”, such as the soil, growing forests, and the oceans. Thus, the clear-cutting of
forests and the sustained cultivation of agricultural soils also can contribute to rising atmospheric
CO; levels. The manufacture of cement using limestone also results in a measurable emission of
CO; to the atmosphere.

Methane (CH4)

Methane (CHy) derives from the anaerobic decay of organic matter in oxygen-deprived reducing
environments, and from a number of fossil fuel sources, including underground and surface coal
mines, oil and natural gas production, and natural gas transmission and distribution. Anaerobic
decay of organic matter leading to the production of CH,4 takes place in swamps, marshes, peat
bogs, lake sediments, and, in the case of managed human systems, in mixed municipal solid
waste landfills, the digestive tract of ruminant cattle, liquid manure storage ponds and pits, and
rice paddies. Biomass burning also can produce CHa.

Nitrous oxide (N,O)

Nitrous oxide (N>O) is produced principally in soils by bacteria. Available nitrogen for bacterial
activities derives from the preexisting pool of organic nitrogen found in soils, which upon
mineralization is made available to bacteria. Large amounts of available nitrogen also are added

17



Minnesota Climate Change Action Plan: A Framework for Climate Change Action

to soils through the application of commercial fertilizers and livestock manure used as a soil
amendment. Additional sources of added soil nitrogen include leguminous crops, crop residues,
and atmospheric deposition.

Non-soil sources of N,O emissions include biomass burning and coal combustion and emissions
from stacked solid livestock manure.

Chlorofluorocarbons (CFCs)

Chlorofluorocarbons (CFCs) are synthetic compounds that do not exist in nature. They are
emitted upon the intentional use and leakage or venting of the compounds. CFCs are greenhouse
gases and also known stratospheric ozone depleters. Ozone depletion acts to cool the
atmosphere whereas, acting as greenhouse gases, CFCs warm the atmosphere. On the whole, the
net effect of CFCs favors warming.

As such, the production of CFCs in the U.S. was banned as of 1995 under the Vienna
Convention and the Montreal Protocol. Small quantities continue to be emitted from pre-1995
stocks, particularly slow-release insulating foams. In the developing world, production and use
of CFCs remains permissible.

Hydrochlorofluorocarbons (HCFCs)

Hydrochlorofluorocarbons (HCFCs) were developed in the 1970s and 1980s as substitutes for
the CFCs in industrial, commercial and residential applications. While not as effective as the
‘hard’ CFCs (CFC-12, CFC-11, CFC-113) in depleting stratospheric ozone, an effect on
stratospheric ozone levels has been identified. Under international agreements, the production
and use of these compounds in developed economies is to be phased-out by 2030. As in the case
of the CFCs, emissions result from intentional use and subsequent leakage or venting to the
atmosphere. HCFCs are primarily used as cleaning solvents, insulating gases in plastic foams,
and refrigerants. Within this class of compounds, the most important greenhouse gas is HCFC-
22. Other HCFCs that may grow slightly in importance include HCFC-142b and HCFC-141b.

Hydrofluorocarbons (HFCs)

Hydrofluorocarbons are another class of substitutes for CFCs. At present, the most important of
these is HFC-134a and HFC-152a, substitutes for CFC-12 with widespread applications in
motor vehicle air conditioning, refrigeration and cooling, and other applications. Unlike the
CFCs and HCFCs, in the atmosphere HFCs do not negatively impact stratospheric ozone.
However, like the HCFC-22 and CFC-12, HFC-134a is a potent greenhouse gas.

Chlorocarbons

Carbon tetrachloride and methyl chloroform belong to a class of chemical compounds known as
chlorocarbons. These compounds have had primarily industrial applications, notably in metal
cleaning. Like the CFCs, they are potent ozone depleters, and like the CFCs, the production and
use of these compounds was banned in developed economies under the terms of the Montreal
Protocol on Substances that Deplete the Ozone Layer. Use in industrial applications continues in
developing economies.
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Perfluorocarbons (PFCs) and SFe

C,Fe, CoF 19, and CF4 belong to a class of synthesized compounds known as perfluorocarbons
(PFCs). C,F¢ and CF4 are produced principally as byproducts of the refining of aluminum. C,Fe
also has industrial applications in the etching of semiconductor chips. Sulfur hexafluoride (SF¢)
is used in circuit breakers and during the manufacture of semiconductor and related electronics
components. It is released to the atmosphere through inadvertent leakage or purposeful venting
during the servicing of equipment.

Ozone Precursors (VOCs and NOy )

Ozone (0O3) in the troposphere (the layer of atmosphere that extends upward about 5 miles from
the earth’s surface) is produced from the photochemical interaction of volatile organic
compounds (VOCs) with nitrogen oxides (NOy) — called ozone precursors. Sources of VOCs are
varied. In Minnesota, most VOC emissions result from the combustion of petroleum-based fuels
in internal combustion engines and industrial solvent use. Fugitive losses from gasoline service
stations and residential wood combustion also contribute. In addition, carbon monoxide
influences levels of ozone in that it acts to suppress the hydroxyl radical (OH) for both NOy and
ozone, leading to elevated levels.

Nitrogen oxides are produced during high temperature combustion of fossil fuels. The
combustion of petroleum-based fuels in internal combustion is a large emitter of NOx.
Stationary source coal combustion is also a large emitter of NOx. NOy is also produced in soils
by facultative soil bacteria following the input to soils of commercial fertilizer and other sources
of nitrogen. Biomass burning also contributes to global NOy emissions.

Water Vapor
Finally, water vapor, while naturally occurring like many of the compounds listed above, is

temperature dependent. Its tropospheric concentration is largely a function of lower tropospheric
and surface heating. In the stratosphere, water vapor is a very potent greenhouse gas. Water
vapor accumulates in the stratosphere through the atmospheric build-up of methane and its
oxidation at high altitudes. Jet aircraft are an additional source of stratospheric water vapor.

3.3 Residence Times and Global Warming Potential of Greenhouse Gases

Greenhouse gases persist in the atmosphere for between five years and thousands of years,
depending on removal mechanisms for a particular gas. For a gas like CO,, multiple removal
mechanisms are involved, some acting rapidly, and some over periods of hundreds years.
Human activities — mainly burning fossil fuels and removal of forests - have increased CO,
concentrations about 30 percent, an unprecedented amount, since the beginning of the industrial
age. The rate of increase of growing emissions has outpaced the balancing uptake ability of
natural “sinks”. Thus, increases in greenhouse gas emissions do not immediately translate into
corresponding temperature and climate changes. Temperature and climate changes are a
function of greenhouse gas concentrations, and occur much more slowly- on the order of
decades- because of the inertia built into the climate system, e.g. the ability of oceans to warm
and natural sinks to absorb CO,. So, even if human greenhouse gas emissions were eliminated
today, the earth would still continue warming for years before the trend was reversed.
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Atmospheric residence times for some principal greenhouse gases are assembled in Table 3.2.
For CO,, this is an adjustment time, the amount of time for an atmospheric concentration to
decline to about one-third of initial levels. It is dependent on an assumed long-term background
concentration. At concentrations that are thought likely to prevail in the next century, this
adjustment time is long, more than 500 years.

For N0, the estimated atmospheric lifetime is 114 years, and for CFC-12, about 100 years. CHy
remains in the atmosphere for less time, 12 years, HFC-134a slightly more than that (13.8 years).
SF¢ has an estimated atmospheric lifetime of 3,200 years, and CF4 an estimated 50,000-year
atmospheric lifetime.

Also shown in Table 3.2 are global warming potentials. The concept of global warming
potential was developed to have a common measure for the comparison of the effect of different
gases. This is a measure of the relative effect of an emission of any of the greenhouse gases,
accounting for both the intensity of infrared absorption of each and their respective atmospheric
lifetimes. Greenhouse gases differ in their absorption of infrared radiation. By accounting for
the atmospheric lifetimes and infrared absorption characteristics of each of the greenhouse gases,
it is possible to develop an index of relative effect of emissions.

The values given in Table 3.2 are referenced to equivalent emissions of CO,. Thus, accounting
for both radiative absorption and atmospheric lifetime, one ton of emitted methane is said to have
roughly the same effect on surface temperature as 23 tons of CO,. A one ton emission of N,O
would be equivalent to 296 tons of CO,. For a compound like SFg, the equivalent of one ton of
emissions would be some 22,200 tons of CO,. Other compounds fall intermediate between these
two levels of equivalent CO,-effect.
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Table 3.2 Atmospheric Lifetimes and Global Warming Potentials of Principal Greenhouse Gases'®

Chemical Compound Current Atmospheric Global Warming Potential
Lifetime (years) (100 Year Time Horizon)
Cco;? >500 1
CH4 12 23
N2O 114 296
CFC-11° 45 4,600
CFC-12° 100 10,600
CFC-113° 85 6,000
HCFC-22° 11.9 1,700
Carbon Tetrachloride 35 1,800
Methyl chloroform 4.8 140
HFC-134a 13.8 1,300
CF4 50,000 5,700
CoFs 10,000 11,900
SFe 3,200 22,200

@ for an atmospheric concentration increase leading to ultimate stabilization at 650 ppmv
® direct radiative effects only

' Intergovernmental Panel on Climate Change, Third Assessment Report. Climate Change 2001: The Scientific
Basis. Cambridge University Press. 2001.
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4.0 Climate Change Impacts in Minnesota

Stratus Consultants prepared this summary of climate impacts in Minnesota for the MPCA. This
summary is based on what the published science tells us today and touches on these areas: water
resources, ecosystems, and recreation.

4.1 Introduction

Humanity is facing an unprecedented environmental problem in the 21st century: because of
human activities, humans may be changing the very climate they have come to depend on.
Energy from the sun heats the earth’s surface and the earth’s surface radiates energy back into
space. Atmospheric greenhouse gases (water vapor, carbon dioxide, and other gases) trap some
of the outgoing energy and retain some of this radiated energy. This phenomenon, known as the
greenhouse effect, has kept the earth’s average temperature at approximately 60°F. Without the
greenhouse effect, the earth’s average temperature would be about 0°F, making life virtually
impossible. However, the climate system can become unbalanced when the atmospheric
concentration of greenhouse gases increases and additional energy is retained.

Over the last century, atmospheric concentrations of carbon dioxide have increased nearly 30
percent, methane concentrations have more than doubled, and nitrous oxide concentrations have
risen by about 15 percent. These increases have resulted mainly from increased burning of fossil
fuels, and have enhanced the heat-trapping capability of the earth’s atmosphere.'’

Average surface air temperatures across the earth increased by 1°F in the 20th century and are
projected to increase by 2 to 10°F in the 21st century. The Intergovernmental Panel on Climate
Change (IPCC) concluded that most of the global warming over the last 50 years is attributable
to human activities that have altered the chemical composition of the atmosphere through the
buildup of greenhouse gases'®. Their findings, however, only apply to global changes; they did
not draw conclusions about specific regions. While regional climate changes may result from
changes in greenhouse gas concentrations, they may also result from natural climate variability.
While efforts to reduce greenhouse gas emissions may slow further warming, they will not
eliminate it". The areas that are likely to see the greatest change in average climate conditions
are high latitude areas. In addition, midcontinental areas are more likely to experience summer
drought than areas closer to the oceans. Thus, in the United States, outside of Alaska, the upper
Midwest is likely to see some of the greatest changes in climate.

This sector briefly addresses the current climate and economic conditions in Minnesota, how the
state’s ecological systems and economy have been affected by climate change in the

20th century, and how they may be affected by future climate change. The discussion of
projected changes covers potential impacts on three critical sectors: water resources, ecosystems
and biodiversity, and recreation and tourism. Other sectors will also be affected, some

'7U.S. EPA. 2002¢. Global Warming — Climate.
http://yosemite.epa.gov/oar/globalwarming.nsf/content/climate.html. Accessed October 21, 2002.

18 Houghton, J.T., Y. Ding, D.J. Griggs, M. Noguer, P.J. van der Linden, D. Xiaosu, and K. Maskell (eds.). 2001.
Climate Change 2001: The Scientific Basis. Cambridge University Press, New York.

' Hansen, J. (and 27 co-authors). 2002. “Climate Forcings in GISS SI2000 Simulations.” Journal of Geophysical
Research — Atmospheres 107:4347-4384.
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positively, some negatively. For example, agriculture in Minnesota would probably expand
because a warmer climate will increase Minnesota farmers’ competitive advantage over lower
latitude farmers. On the other hand, with warmer temperatures, new pests and diseases could
migrate into the state and expanded agriculture can result in additional nonpoint source runoff
and other environmental concerns. This section also briefly considers adaptation options to
impacts on the three sectors, identifying win-win approaches, and discusses costs of action and
inaction in terms of economic impact and irreversibility.

4.2 Current Conditions

Minnesota’s climate is characterized by cold winter temperatures, mild to cool summer
temperatures, and moderate rainfall. The statewide average temperature, based on data from
1971 to 2000, is 7.9°F in January and 69.1°F in July; average annual temperature is 41.2°F, with
a standard deviation of 1.91°F. The average annual precipitation is 27.4 inches, with a standard
deviation of 3.74 inches.*

The state can be divided into three primary ecological regions: the prairie parkland in the
southeastern corner of the state, Laurentian mixed forests in the northeastern portion of the state,
and eastern broadleaf forests dividing the two (see Figure 4.1). Northern parts of Minnesota also
fall within the southern edge of the boreal forest range.”’

The change between prairie in the southwest and forest in the
northeast is primarily the result of increasing rainfall amounts
caused by proximity to moist air masses coming from the Gulf
of Mexico. Southeastern Minnesota, because it is closer to the
Gulf of Mexico, receives 32 inches of precipitation a year, on
average. Northwestern Minnesota, however, only receives

E?o Forest 19 inches per year.*?

Seasonal variation in precipitation results from different air flow
Prairie Parkland patterns that bring either dry, cold polar air masses from the
Figure 4.1 Minnesota north or warmer, moist air masses from the Gulf of Mexico.
ecological systems in 2000.  Almost 66 percent of Minnesota’s annual precipitation falls
Source: Used with permission dur}ng the summer growing season (May-September), when the
of Minnesota DNR. moist, tropical air mass is present. Only eight percent of annual
rainfall falls during the winter months (December-February).**

Despite generally wet summers and drier winters, it is not unusual for Minnesota’s climate to
differ from these averages. For instance, droughts tend to occur in the summer when high
evapotranspiration rates, brought on by high temperatures, are accompanied by low rainfall. The

2'NCDC. 2002. National Climatic Data Center. Minnesota Climate Summary.
http://Iwf.ncdc.noaa.gov/oa/climate/research/cag3/MN.html. Accessed September 10, 2002.

2! Minnesota Department of Natural Resources (DNR). 2002b. “Ecological Classification System.”
http://www.dnr.state.mn.us/ecological_services/ecs/index.html. Accessed October 10, 2002.

2 Minnesota Department of Natural Resources (DNR). 2002a. “Climate’s Impact on Water Availability.”
http://www.dnr.state.mn.us/climate/water_availability.html. Accessed October 14, 2002.

2 Ibid.
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northwestern and western portions of the state, which are farther away from the moist Gulf air
masses, are particularly susceptible to drought. When deep snowpack, frozen ground, rapidly
warming temperatures, and heavy early spring precipitation combine, floods occur in late winter
and early spring.**

The predominant land use in Minnesota is cultivated land (42 percent), followed by forested land
(26.7 percent), wetlands (10.9 percent), and grassland (9.2 percent). Urban and rural developed
land only comprise 2.7 percent of Minnesota’s land use.”> The difference in rainfall amounts
across the state corresponds with primarily agricultural use in the south and primarily forestry in
the north.

Minnesota’s gross state product in 2000 was $184.7 billion, and is dominated by the service
industry (22 percent), closely followed by finance, insurance, and real estate (19 percent), and
manufacturing (18 percent). Figure 4.2 shows the percentage of gross state product by sector.
Agriculture comprises a small but important portion of the economy: farms alone generated $2.5
billion in revenue in 2000, and associated agricultural services generated $864 million.*®
Approximately five percent of all farm acres in the United States are in Minnesota. The primary
crops in Minnesota are corn, soy, and wheat, and roughly two percent of these crops are
irrigated.”’

Agriculture, forestry, fishing
1.8%

Mining
0.4%
Construction

Government 5.0%

9.9%
Manufacturing

Services 17.6%

21.4%

Transportation & utilities
7.5%

. . Wholesale trade
Finance, insurance, and real Retail trade 7.9%

estate 9.2%
19.1% ’

Figure 4.2. Minnesota gross state product in 2000.
Source: BEA, 2002.

* Minnesota Department of Natural Resources (DNR). 2002a. “Climate’s Impact on Water Availability.”
http://www.dnr.state.mn.us/climate/water_availability.html. Accessed October 14, 2002.

* Minnesota Land Management Information Center. 1999. “Minnesota Land Use and Cover: 1990s Census of the
Land.” http://mapserver.lmic.state.mn.us/landuse/. Accessed October 14, 2002.

% BEA. 2002. Gross State Product Data. Bureau of Economic Analysis. http://www.bea.doc.gov/bea/regional/gsp.
Accessed September 10, 2002.

?TU.S. EPA. 2002b. Great Lakes 5-Year Strategy. http://www.epa.gov/glnpo/plans/Syrstrat.html. Accessed
September 10, 2002.
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Tourism comprises a relatively small but vital part of Minnesota’s economy. In 2000, tourism
and travel generated $9 billion in gross receipts and $1 billion in state and local tax revenue.”®
Outdoor activities, including hunting, fishing, and visiting state and national parks, were the
primary purpose for 40.3 percent of visitor trips in 1999. The number of outdoor-related trips
declined between 1998 and 1999, potentially due to mild winter conditions.”” Fishing, hunting,
and wildlife viewing generated $2.553 million, $477,000, and $524,000 in expenditures,
respectively — a total of $3.6 million. Recreational expenditures account for about two percent
of Gross State Product for Minnesota.

Fishing, hunting, and other outdoor recreation are very popular activities for Minnesotans, and
are important components of the state’s culture. According to U.S. Fish and Wildlife Services,
36 percent of Minnesota residents fish, compared with 16 percent nationally.*® Overall,
Minnesota attracted 1.62 million anglers and 597,000 hunters in 2001, including residents and
nonresidents. In addition, 1.93 million people participated in wildlife viewing around the home
and 634,000 participates in wildlife viewing away from home.

4.3 Observed Changes

Minnesota has already experienced some changes in climate over the last century, including
increased average temperature, increased precipitation amounts, increased flooding severity, and
shorter winters. Although these changes are consistent with changes in global climate, they are
not necessarily a result of increased greenhouse gas concentrations and may reflect regional
climate variability. However, they do indicate the kinds of changes that may occur in the future.

Figure 4.3 depicts the change in average annual temperature and average winter temperature
(December — February) over the last century. The equation for a trendline fitted to these data
points reveals that average winter temperatures are increasing more than twice as fast as average
annual temperatures: winter temperatures are rising at 2.3°F per 100 years while annual
temperatures are increasing at 1°F per 100 years.31

The impacts of these warmer temperatures are already noticeable. According to the U.S.
National Assessment (NAST, 2000), the length of the snow season in the Great Lakes region has
decreased by roughly 6 days over the last 50 years. Anecdotal evidence points to species shifts
that are already occurring, potentially in response to these observed climate changes. For
example, opossums and true katydids are now spotted in Minnesota. Cardinals have moved into
northern cities such as Duluth.”> Warmer weather also causes migratory birds to stay longer in
their summertime range: in the 2000 Christmas Bird Count, Duluth logged a record 74 species.”

% Minnesota Department of Trade and Economic Development. 2002. “Department of Trade and Economic
Development Home Page.” Accessed October 14, 2002.

29 :
Ibid.
3% U.S. Fish and Wildlife Service. 2002. 2001 National Survey of Fishing, Hunting, and Wildlife-Associated

Recreation State Overview. U.S. Fish and Wildlife Service, Washington, DC.
*I'NCDC. 2002, op cit.

32 Minnesota Department of Natural Resources (DNR). 2001. “The Crossroads of Climate Change.”
http://www.dnr.state.mn.us/volunteer/articles/warming.html. Accessed October 17, 2002.

3 Audubon Science. 2002. Christmas Bird Count. http://www.audubon.org/bird/cbc/. Accessed October 18, 2002.
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Figure 4.3 also shows that total annual precipitation has increased over the last 100 years. Total
annual precipitation has increased from 26.5 inches (1941-1970 average) to 27.4 inches (1971-
2001 average).”* The equation for the trendline fitted to the precipitation data shows that annual
precipitation is increasing at a rate of 2.9 inches per 100 years. As a percentage increase, this is
consistent with the increase in national average precipitation of approximately 10 percent.”

Olsen et al.”® examined trends in flood volumes over time in the Upper Mississippi and Lower
Missouri River basins, based on gauge records. They found that gauges on the St. Croix,
Minnesota, and Upper Mississippi rivers all showed statistically significant increases in flood
flows over time. They hypothesized that a combination of increased precipitation, land use
changes, and river channel modifications may be affecting peak flows. They also noted that this
trend may correspond with changes in the timing of precipitation events: earlier snowmelt and
major rainfall events may be occurring while the ground is still frozen, thereby decreasing the
moisture absorbed by soils, increasing surface runoff and the volume of water in river channels.

¥ NCDC. 2002, op cit.
% Karl, T.R., R.W. Knight, D.R. Easterling, and R.Q. Quayle. 1996. “Indices of Climate Change for the United
States.” Bulletin of the American Meteorological Society 77:279-292.

3 Olsen, J.F., J.R. Stedinger, N.C. Matalas, and E.Z. Stakhiv. 1999. “Climate Variability and Flood Frequency
Estimation for the Upper Mississippi and Lower Missouri Rivers.” Journal of the American Water Resources
Association 35:1509-1523.
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The economic impact of floods in Minnesota has also been increasing in recent years. Figure 4.4
shows annual flood damages, in 1995 dollars, from 1955 to 2000. There were five major
flooding events (over $100 million in damages) between 1965 and 1980, with average damages
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Figure 4.4. Annual flood damages in Minnesota, 1955-2000, in millions of 1995 USS.
Source: UCAR, 2002.

of $263 million. Since 1990 there have only been two major flooding events, but the average
damages from these two events was $860 million.”” These numbers may also include other
socioeconomic factors, such as increases in property covered by insurance and insurance claim
amounts, and changes in development patterns (more urbanization causes more runoff), but it
does suggest a trend toward more costly floods.

Flooding can also affect human health. Not only do they directly threaten health, but they also
degrade water quality. The floods of 1993, for example, washed animal waste from agricultural
operations into surface water near Milwaukee’s treatment water inflow on Lake Michigan. A
combination of engineering problems and overwhelmed treatment plants due to major flooding
resulted in an outbreak of Cryptosporidiosis that infected 400,000 people and resulted in

100 deaths.*® Flooding also affects human health when basements and homes are inundated and

T UCAR. 2002. Flood Damage in the United States. States Data Set. http://www.flooddamagedata.org/.
Accessed October 16, 2002.

¥ NAST. 2000. Climate Change Impacts on the United States: The Potential Consequences of Climate Variability
and Change Foundation and Overview. National Assessment Synthesis Team, U.S. Global Change Research
Program, Washington DC.
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mold grows within the homes. Major mold growth can cause serious respiratory and allergic
reactions if left untreated.”

The flood of 1997 illustrates the disastrous impacts floods can have on the state, as well as the
conditions that precede major flooding events. The spring floods in 1997 were brought on by
unusually high precipitation, combined with springtime temperature fluctuations, that
exacerbated the saturated soils. Conditions leading to the flood began in fall of 1996, when the
amount of precipitation that fell in October and November was in the 95th percentile for most of
Minnesota, thereby saturating the soil before it froze. Over the winter, many of the affected
areas had two to three times the normal snowfall amounts; most parts of the Minnesota and Red
River basins had over 6 feet of snow. This heavy snowfall was compounded by few warm mid-
and late-winter days, so the snowpack melted very little during the winter and was exceptionally
deep. April brought unusually warm days (10 degrees above normal) the first week, followed by
exceptionally cold days (20 degrees below normal) the following week. Thus when heavy
precipitation fell at the end of the first warm week, it was compounding the high runoff from
snowmelt and soils thawing. The freezing that followed prevented water from being absorbed
into soils, thus creating the conditions for massive flooding.** These floods affected the Upper
Minnesota and Red rivers, and 58 of Minnesota’s 87 counties were declared federal disaster
areas. The economic damage to public infrastructure alone approached $300 million,*" and
overall damages totaled over $700 million.*

4.4 Predicted Changes

The projections of changes in temperatures and precipitation in this section are based on two
general circulation models (GCMs) that simulate global climate: the Hadley and the Canadian
models. These are the same GCMs used in the U.S. National Assessment. Because these models
are created to model large-scale climate changes, regional detail is sacrificed and these
interpolations of global results should be treated with caution.

Based on a visual inspection of maps showing GCM results, the Hadley climate model shows
temperatures increasing 5-10°F in Minnesota in the 21st century, and the Canadian model shows
temperatures increasing 7-12°F.* The Hadley model also shows an increase in the number of
extremely hot summer days.** Mean daily temperature is projected to rise more rapidly than
maximum daily temperature,* suggesting higher minimum daily temperatures.

3% Federal Emergency Management Agency. 2002. “Mold Can Damage Home and Health.”
http://www.fema.gov/diz02/d1419n40.shtm. Accessed October 18, 2002.

0 Minnesota Department of Natural Resources (DNR). 2002¢c. “1997 Record Spring Floods.”
http://www.dnr.state.mn.us/climate/floods/1997/index.html. Accessed October 17, 2002.

! Tbid.

2 UCAR. 2002. Flood Damage in the United States. States Data Set. http://www.flooddamagedata.org/. Accessed

October 16, 2002.
 NAST. 2000, op cit.

* U.S. EPA. 1997. EPA Global Warming: State Impacts — Minnesota.
http://www.epa.gov/globalwarming/impacts/stateimp/minnesota/index.html. Accessed September 10, 2002.

* Ibid.

29



Minnesota Climate Change Action Plan: A Framework for Climate Change Action

According to both the Hadley and Canadian climate models, precipitation is projected to increase
by 20-40 percent by 2100 in the upper Midwest. However, the Canadian model estimates a
reduction in precipitation over northern Minnesota.*® The Hadley model predicts an increase in
the amount of precipitation on extremely wet summer days as well."” Both models predict that
much of the increased precipitation will fall on days already receiving the heaviest rainfall.**
Even though these climate models estimate that precipitation will increase in Minnesota, the
possibility cannot be ruled out that it could decrease or that there could be dry periods amidst a
general trend toward increased precipitation.

Changes in temperature and precipitation also affect soil moisture. In the Hadley model, the
drying effects of the increases in temperature are outweighed by the effects of the increases in
precipitation, thus creating small increases in soil moisture by 2100. The Canadian model,
however, predicts decreased summer precipitation and a greater temperature increase, and
therefore decreased soil moisture. Under the Canadian model, drought frequency and severity
increase by 2100, but they decrease slightly under the Hadley model.*’

In addition to absolute changes in temperature, both models predict changes in temperature
variability, including less interannual variability of annual mean temperatures and more extreme
high temperatures.>

4.5 Sectoral Impacts and Adaptation Options

These estimated changes in temperature and precipitation are likely to affect many aspects of
Minnesota’s ecology and economy, including human health, air and water quality, biodiversity,
recreation and tourism, species migration, and vegetation shifts. Some of these sectors deserve
further exploration because of their potential economic importance, irreversibility, risks, or
importance to quality of life. For these reasons, this section explores water resources, terrestrial
and aquatic ecological changes, and recreation in depth.

In light of potential impacts on these sectors, steps can be taken to reduce the adverse effects on
natural and human systems. These may not reverse or offset all of the adverse effects, but they
can reduce their severity.

Identifying and implementing adaptation options, however, should be done with care. Decision-
makers need to find a balance between three key criteria: the uncertainty of future impacts, the
potential level of risk associated with these impacts, and whether the adaptation option would
still be beneficial or benign to human or natural systems if the impact does not occur as
predicted. The first set of adaptation options to consider are those that are win-win: these are
justified under current climate and make the system less vulnerable to potential impacts of
climate change. It is also important to keep in mind that many human systems are highly
adaptable, whereas natural ecosystems have much more limited capacity to adapt. Finally, a

* NAST. 2000. op cit.

*U.S. EPA. 2002b. Great Lakes 5-Year Strategy. http://www.epa.gov/glnpo/plans/5yrstrat.html. Accessed
September 10, 2002.

* NAST. 2000, op cit.
* Ibid.

9 1bid.
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discussion of potential economic impacts and irreversibilities may help elucidate which sectors
and options to focus on. This section identifies win-win adaptation options, followed by a brief
discussion of the economic impacts and irreversibility of climate change impacts on each sector.

451 Water Resources

Climate change will likely have a substantial impact on Minnesota’s water quality, hydrologic
cycle, and floods and droughts. This in turn will have significant effects on ecological systems
and societal activities such as agriculture, recreation, and shipping. Maintaining the quality and
quantity of water resources is imperative to human and ecosystem health, and is of cultural and
aesthetic importance to Minnesotans.

Water quality in Minnesota lakes may be diminished by the combined effects of increased
precipitation and temperatures. Warmer summers and longer ice-free seasons would decrease
the amount of dissolved oxygen in water and increase algae growth and eutrophication. It would
also reduce favorable habitat for trout, whitefish, and other cold water species. For example, a
4.5°F increase in water temperature would reduce habitat for these species one-quarter to one-
third, nationwide.”' This suggests that cold water fish populations in Minnesota would decrease
by a similar amount. Warmer waters would decrease the rate of overturning in lakes, thereby
decreasing the amount of dissolved oxygen available for fish in deepwater habitats.”

Research is inconclusive on how levels of Lake Superior will change. In the Canadian climate
model, increased precipitation is offset by increased evapotranspiration resulting from higher
summer temperatures. One recent study found that this increased evapotranspiration rate could
lower Lake Superior levels by 0.3 meters to 0.9 meters.” Using the Hadley climate model,
which estimates smaller temperature increases and smaller increases in evapotranspiration rates,
the study estimated there would be up to a one-foot increase in lake levels.”* However, another
study using results from 10 GCMs consistently estimated a decrease in inflows to the Great
Lakes due to high evapotranspiration rates, resulting in lowered lake levels.” Lower lake levels
would lead to increasing shoreline exposure to erosion, lower inputs to hydroelectric power
facilities, increased concentration of pollutants, and more dredging required for ship channels or
reduced loads that could be carried on each ship.™

Although water levels may decrease, the frequency and magnitude of heavy precipitation events
is likely to increase, thereby increasing the likelihood of flooding. Given the potential increases
in precipitation mentioned above, flood levels and events could increase substantially. Although
the literature identifies increased flooding as a possibility, little analysis has been done to

estimate the degree to which flood intensity or frequency would increase. Currently most floods

>l U.S. EPA. 2002a. EPA Global Warming Case Studies: Great Lakes and Upper Midwest.
http://www.epa.gov/globalwarming/impacts/water/cs_gluml.html#gmlr. Accessed Sept. 10, 2002.

52 Ibid.

33 Chao, P. 1999. “Great Lakes Water Resources: Climate Change Impact Analysis with Transient GCM
Scenarios.” Journal of the American Water Resources Association 35:1499-1507.

54 Quinn, F.H., B.M. Lofgren, A.H. Clites. R.A. Assel, A. Eberhardt, and T. Hunter. 1999. Great Lakes Water
Resources Sector Report. Great Lakes Environmental Research Laboratory, Ann Arbor, MI, as sited in NAST, 2000.

% Chao, P. 1999, op cit.
0 U.S. EPA. 2002a, op cit.
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in Minnesota result from snowmelt, but changes in timing and quantities of winter precipitation,
as well as the rate and timing of spring thaws, could dramatically change flooding patterns in the
state.”’ Increased flooding could also increase agricultural runoff and storm sewer overflows,
thereby compromising surface water quality.

With increasing temperatures, ice cover on Lake Superior is expected to decrease by
approximately one to two months by 2100. Ice cover on smaller lakes is expected to last half of
its normal season. A shorter ice-free season would alter the timing of peak spring stream flow,
thereby affecting habitats. It could also have feedback effects on lake-effect snowfall events.
However, it could extend the shipping season by one to two months, thereby potentially
offsetting the deleterious effects of lowered lake levels during summer months (i.e., the reduced
cargo each ship could carry).”®

Adaptation options for maintaining water quality include increasing the ease of shifting water
between consumers, using pricing and market methods to improve water use efficiency,
including changes in supply and demand in long-term allocation and infrastructure planning,
creating incentives to move residents out of floodplains, and focusing on sustainable
management of existing ground- and surface water supplies.”> With the exception of
incorporating climate change into long-term planning, these options are ones that make sense
without considering climate change. However, considering the potential effects of climate
change increases the benefits of these adaptation options.

There is no published information on the costs of these adaptation options. Options that involve
changes to infrastructure can involve substantial costs, unless the infrastructure is modified while
new projects or reconstruction is being done anyway. Administrative changes such as pricing
methods may not have high financial costs (unless infrastructure such as meters needs to be
installed), but can be politically difficult to implement.

4.5.2 Ecosystems

Minnesota’s terrestrial and aquatic ecosystems are likely to experience significant changes
because of temperature and precipitation changes. The fundamental stress imposed by climate
change is that many plants and animals will no longer be in climates they are best adapted for.
The warmer climate may exceed thermal tolerances of many species, result in insufficiently cold
temperatures for some species, or enable predators or competitors migrating into habitats of
many species. Species affected this way will need to migrate to new locations, which will mean
changes in the composition and productivity of ecosystems. Existing stresses such as habitat
fragmentation, eutrophication, acid precipitation, and invasion by exotic species are likely to
make these species even more vulnerable to climate change. It is likely that many species would
no longer exist in parts of the state they now inhabit or in the entire state. These results are likely
to be irreversible.

7 Olsen, J.F., J.R. Stedinger, N.C. Matalas, and E.Z. Stakhiv. 1999. “Climate Variability and Flood Frequency
Estimation for the Upper Mississippi and Lower Missouri Rivers.” Journal of the American Water Resources
Association 35:1509-1523.

¥ NAST. 2000, op cit.

3 NAST. 2000, op cit.
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Minnesota’s forests, for example, are made up of hardwood deciduous forests to the south and
coniferous forests to the north. The current combination of soil type and climate conditions
makes northern Minnesota ideal for conifer growth. Changes in climate are likely to affect these
growing conditions, leading to a decline in coniferous forests. In Voyageurs National Park, for
instance, by 2010 to 2040, the climate suitable for the boreal forests that characterize this far
northern landscape could have changed.”® Vegetation models forecast a major poleward shift of
boreal forests, with a 25 percent net reduction in boreal forest area globally. The southernmost
edges of the boreal forest are likely to see the most rapid migration rate.’’ Disruptions in boreal
forests may also mean losing species such as moose, pine marten, and fisher that are specific to
that ecosystem.®> Although it is likely that temperate deciduous forests would expand
northward, it is also possible that a combination of current stresses, the relatively rapid rate of
climate changes, and impediments to species migration (e.g., human settlements and agricultural
land) could cause a decline in both coniferous and deciduous species.”’ Figure 4.5 shows results
from two climate scenarios run through the Mapped Atmosphere Plant Soil System (MAPSS)
model,* which estimate that boreal (conifer) forests will no longer be in Minnesota, while
grasslands will expand farther north into Minnesota, and temperate deciduous forests and
savanna woodlands will expand northward and southwesterly.
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Source: Figure provided by R. Neilson, U.S. Forest Service, October 23, 2002.

Figure 4.6 shows how leaf area index (LAI) may change by the end of the next century. LAI
measures the density of leaf coverage with higher LAI indicating greater leaf coverage. In
Figure 4.6, green means increasing LAI and brown means decreasing LAI. As these maps show,
most of Minnesota is estimated to have decreased LAI ranging anywhere from one percent to 75
percent. The northern and northwest portions of the state are most likely to have reduce LAI,
while the southwestern and southeastern parts of the state are likely to have increased LAI.

%'U.S. EPA. 2002a, op cit.

8! Intergovernmental Panel on Climate Change. 1997. The Regional Impacts of Climate Change: An Assessment of
Vulnerability. Cambridge University Press, Cambridge, UK.

52 Minnesota Department of Natural Resources (DNR). 2001, op cit.
8 NAST. 2000, op cit.
8% Personal communication by Stratus personnel with R. Neilson, U.S. Forest Service, October 23, 2002.
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Figure 4.6. MAPSS-simulated percentage changes in LAI for a) HADGCM2SUL
and b) CGCM1 at 10 km resolution.

Source: Figure provided by R. Neilson, U.S. Forest Service, October 23, 2002.

Bachelet et al.°® modeled the change in biomass consumed by fire under the Hadley and

Canadian models. The Hadley model, with higher potential for excessive wet periods, forecasts
a decrease in biomass consumed by fire. Overall the Canadian model results show smaller
decreases in biomass consumed and small increases in the northwestern portion of the state,
where precipitation may decrease. Overall, results from these models show biomass consumed
by fire in Minnesota decreasing by 2100.

Wildlife populations are particularly vulnerable to climate change. Changes in temperature and
precipitation patterns affect both food and habitat availability, leading to lower reproduction
rates and population sizes.® Birds, which are likely to migrate most easily to more suitable
habitat, may be some of the first species to disappear from Minnesota. Thirty-six species of
birds, including dark-eyed juncos, evening grosbeaks, white-throated sparrows, black-headed
vireo, and the mourning warbler, may no longer be found in Minnesota.®”’

The prairie potholes in Minnesota, for example, are the most important North American breeding
area for mallards, pintails, and blue-winged teals. These shallow wetlands are highly vulnerable
to drought, which would compromise water quality and food availability. If precipitation
remains constant or is lacking during critical seasons, the size and number of these potholes are
expected to diminish because of higher temperatures and increased evaporation, thereby
affecting the primary reproductive habitat for many species. Poiani and Johnson® simulated the
potential effects of climate change on the hydrology and vegetation of semipermanent wetlands

5 Bachelet, D., R.P. Neilson, J.M. Lenihan, and R.J. Drapek. 2001. “Climate Change Effects on Vegetation
Distribution and Carbon Budget in the U.S.” Ecosystems 4:164-185.

% NAST. 2000, op cit.

57 Price, J. 2002. “Global Warming and Songbirds: Minnesota.” American Bird Conservancy and the National
Wildlife Federation. http://www.nwf.org/climate/PDFS/minnesota.pdf. Accessed October 18, 2002.

68 Poiani, K. and W.C. Johnson. 1993. “Potential Effects of Climate Change on a Semi-Permanent Prairie Wetland.”
Climatic Change 24:213-232.
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such as potholes across a range of sensitivity simulations (+3.6 and +7.2°F temperature changes,
-20, -10, 0, +10, +20 percent precipitation changes). For 9 of the 10 sensitivity simulations, they
found that maximum water depth decreased significantly and surface vegetation increased
significantly, decreasing open-water area. They concluded that these changes could significantly
affect habitat quality for breeding waterfowl. The number of ponds containing water in the
spring in the north-central United States could drop from 1.3 million to 0.6-0.8 million, assuming
+2.7°F to +4.5°F temperature increases by 2060, with no change in precipitation. This could, in
turn, reduce the number of breeding ducks in the area from 5 million to 2.1-2.7 million.*

As a result of lower water levels, diminished water quality, and changes in water temperature,
aquatic species could be severely impacted as well. Thermal habitat for cold water fish could be
eliminated in lakes less than 40 feet deep, whereas warm and cool water fishes would have
increased habitat.”” Brown trout could subsequently lose much of their habitat.”'. Changes in
water quality could also decrease the amount of suitable habitat for crayfish and snails, and
drought could decrease the supplies of silica in groundwater, which is essential for diatoms.”

Wetland ecosystems are quite likely to be affected by changes in the annual precipitation and
temperature cycle. Lower water levels caused by evapotranspiration rates exceeding
precipitation increases could affect system recharge and ecosystem services the wetland
provides, such as waterfowl habitat, fish breeding areas, and water filtration. If uneven
topography prevents migration, many wetlands could be diminished or be lost. Current stresses
such as land development could exacerbate these stresses.”> Lower lake levels could also reduce
the number and size of lakeside wetland areas.”

One study conducted on bog and fen communities found significant changes resulting from
climate changes.” Altered resource dynamics, trophic structures, and disturbance regimes would
significantly affect plant community composition and productivity. Because species diversity
tends to be much lower at northern latitudes than at lower latitudes, these communities are
already more vulnerable to slight changes in species composition, which could have dramatic
ecosystem-level effects.

Adaptation options for ecosystems generally focus on minimizing existing stresses by improving
or maintaining habitat and creating more effective management strategies. The flora and fauna
of terrestrial ecosystems face substantial impacts from climate change on top of pressures
already exerted by habitat fragmentation and invasive species. Creating or maintaining
undeveloped migration corridors would allow wildlife and plants to migrate should their existing

* Sorenson, L.G., R. Goldberg, T.L. Root, and M.G. Anderson 1998. “Potential Effects of Global Warming on
Waterfowl Populations Breeding in the Northern Great Plains.” Climatic Change 40:343-369.

" NAST. 2000, op cit.
MU.S. EPA. 1997, op cit.

2 U.S. EPA. 2002a, op cit.

3 NAST. 2000, op cit.

™ Mortsch, L.D. 1998. “Assessing the Impact of Climate Change on the Great Lakes Shoreline Wetlands.”
Climatic Change 40:391-416.

> Weltzin, J.F., et al. 2000. “Response of Bog and Fen Plant Communities to Warming and Water Table
Manipulations.” Ecology 81:3464-3478.
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habitat become unsuitable. This may be particularly important for species with limited
geographic ranges. However, the effectiveness of migration corridors in enabling species to
migrate is not clear. Improved understanding of ecosystem functions and their resident species
would allow for more effective management. To be sure, given the slow rates of migration of
some terrestrial species and the natural and human barriers to migration, the potential for
adaptation to substantially reduce adverse effects of climate change on ecosystems appears to be
quite limited.

Another set of options focuses on improving the health of ecosystems and restoring watersheds
that have been damaged by development and pollution. An example of these kinds of options is
the Great Lakes Five Year Strategy,”® a plan developed jointly between EPA, fishery
management agencies of states bordering the Great Lakes, and other federal agencies. The plan
is intended to improve environmental protection and resource management of the Great Lakes by
reducing toxic substances, protecting and restoring important habitats, and protecting human and
ecosystem health by restoring and maintaining natural populations of aquatic and terrestrial
organisms. Therefore, this plan will improve current conditions as well as make the Great Lakes
ecosystem less vulnerable to climate change.

4.5.3 Recreation

The impacts of climate change on recreational activities may have significant effects on the
economy and welfare of Minnesota residents and visitors alike. Outdoor recreation in
Minnesota, including snowmobiling, skiing, fishing, and boating, is highly sensitive to weather
and climate. Less winter precipitation and warmer temperatures would reduce opportunities for
snowmobiling, skiing, ice fishing, and other cold weather activities. These changes may be
offset by a longer ice- and snow-free season, which would increase opportunities for boating,
fishing, and other warm weather activities.

As discussed above, there may be a net loss of prairie potholes in Minnesota, which as prime
breeding groups for a number of waterfowl. While reductions of waterfowl populations would
directly impact recreational hunting in Minnesota, the losses would be felt in many areas across
the country because many waterfowl species migrate great distances. For instance, Pennsylvania
duck hunters were found to have significant willingness to pay values for prairie pothole
preservation in the upper Midwest, including Minnesota.”’

The literature on how recreation may be affected by climate change is limited. Loomis and
Crespi’® estimate that nationwide days devoted to snow skiing would decrease by 50 percent
with an average temperature increase of about 5°F. On the other hand, they found that days
spent golfing and fishing, swimming, and boating on streams and reservoirs would increase.
Given that relatively larger temperature increases are projected for Minnesota compared to the
nation as a whole, these changes may be more pronounced in Minnesota.

" U.S. EPA. 2002b, op cit.

" Kinnell, J., J.K. Lazo, D. Epp, A. Fisher, and J. Shortle. 2002. “Perceptions and Values for Preventing Ecosystem
Change: Pennsylvania Duck Hunters and the Prairie Pothole Region.” Land Economics 78:228-244.

™ Loomis, J. and J. Crespi. 1999. “Estimated Effects of Climate Change on Selected Outdoor Recreation Activities
in the United States.” In The Economic Impacts of Climate Change on the U.S. Economy, R. Mendelsohn and

J. E. Neumann (eds.). Cambridge University Press, Cambridge, UK, pp. 289-314.
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Revenue from recreation and lodging totaled $2.8 billion in 2000, roughly 1.5 percent of
Minnesota’s total gross state product in 2000.” (Status Consultants was unable to determine
what share is from cold weather activities and what share is from warm weather activities.)
Whether net expenditures on recreation or time devoted to recreation increases, decreases, or
stays the same is difficult to determine. Loomis and Crespi*’ estimated a small increase in
nationwide recreation expenditures. It is reasonable to expect that individuals and communities
would experience great differences in how they are affected, with some communities facing
losses as winter recreation opportunities decline.

Changes in recreation can have the most impact on smaller, more remote communities because
much of the local economy is based on providing services for outdoor recreation. In Lake Mille
Lacs, for example, ice fishing and snowmobiling are critical to the local economy, generating
$23-$27 million of the $40 million total that outdoor recreation contributes annually to the local
economy.®’ The 2001-2002 winter was unseasonably warm, and the late freeze shortened the
season for ice fishing and snowmobiling, reducing the revenue for local businesses. Late freezes
can have an added impact if there is inadequate snow and ice for the week between Christmas
and New Year’s, which is usually the biggest week of the year for many businesses.*

Late freezes can also affect the safety of winter recreation because of extended periods of thin or
unpredictable ice. Quick freezes, accompanied by impatient enthusiasm brought on by a late
winter, can create hazardous conditions. The winter of 1998-1999, with mild temperatures, saw
10 deaths from people falling through ice. This was the highest total in 12 years.”

Adaptation options for the recreation sector are likely to involve shifts in when activities occur,
like boating earlier and later in the year than previously possible. Reductions in winter
recreation opportunities could be offset by increases in summer recreation opportunities. What
may be critical is whether areas currently offering cold weather recreation opportunities can also
offer warm weather opportunities. Local outfitters and other services may have to adjust to
different clientele and different activities.**

4.5.4 Conclusions

Climate change will result in increased temperatures and could result in wetter winters and
springs and drier summers and falls. These changes are likely to affect many sectors, including
water resources, natural ecosystems, and recreation. Soil moisture and lake levels are likely to
change substantially, flooding could increase, the location of species is likely to generally shift
northward, and winter recreation opportunities will shrink while opportunities for summer
recreation will expand. Because the sectors most likely to be impacted constitute relatively small
portions of the economy, the economic impacts of these changes may not be devastating to the

" BEA. 2002. Gross State Product Data. Bureau of Economic Analysis. http://www.bea.doc.gov/bea/regional/gsp.
Accessed September 10, 2002.

% Loomis, J. and J. Crespi. 1999, op cit.

1 McCormick, T.J. 2001. “Mild Winter is Hurting Mille Lacs Resort Owners.” Star-Tribune. December 12.
82 1.
Ibid.

8 Kaszuba, M. 1999. “A Late Winter, and Quick Freeze-up, Bring Thin-Ice Fear.” Star-Tribune, December 24.
¥ NAST. 2000, op cit.
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state. However, communities dependent on natural resources such as rural agricultural
communities and communities dependent on recreation could see more substantial economic
impacts. In addition, the impact on Minnesota’s culture may be significant, because a state that
prides itself on its northern forests, many lakes, and cold, snowy wintertime activities may see
these attributes considerably diminished.

These affected sectors have numerous adaptation options that would improve existing conditions
while also reducing vulnerability. Considering climate change in long-term planning and in
decisions with long lifetimes, such as construction of infrastructure, can reduce the potential
harm from climate change.

It is also important to note that these changes projected to happen within the next century will
not happen suddenly in 2100. Rather, the changes, some of which are already becoming evident,
will become more noticeable and will affect more locations and regions as time goes on.
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5.0 Greenhouse Gas Emissions from Minnesota

5.1 Introduction

The principal greenhouse gases implicated in global climate change include: carbon dioxide
(CO,), methane (CHy), nitrous oxide (N,0O), ozone (O3), stratospheric water vapor,
chlorofluorocarbons (CFC-12, CFC-11, CFC-113), hydrochlorofluorocarbons (HCFC-22,
HCFC-141b, HCFC-142b, HCFC-123), hydrofluorocarbons (HFC-134a, HFC-152a, HFC-43-
10mee), other chlorocarbons (CH;CCls, CH,Cl,, CH3Cl, CHCls, CCly), perfluorocarbons (C,Fg,
C,yFs, C4F ), carbon tetrafluoride (CF4), and sulfur hexafluoride (SF¢). Common to these gases
is an ability to absorb radiation in the infrared, making them potent climate warming gases.

Most of these gases are directly emitted from the surface to the atmosphere. However, some of
these greenhouse gases are formed in the atmosphere from other gases or as a result of chemical
interactions of other emitted compounds. Ozone, for example, is formed photochemically in the
troposphere by the interaction of volatile organic compounds and sunlight in the presence of
nitrogen oxides (NOy). Some water vapor in the stratosphere is directly injected by jet aircraft,
but most anthropogenic water vapor in the stratosphere derives from the oxidation of emitted
CH,. In the case of CO,, some CO; results from the oxidation of carbon monoxide (CO) in the
atmosphere.

The chemistry can be quite complex. In the case of a compound like O3, atmospheric
concentrations are controlled not only by rates of ozone formation, but also by removal rates.
Emissions of carbon monoxide (CO) and CHy4 act to slow the rate of tropospheric removal of Os,
leading to longer atmospheric lifetimes for ozone and increased effect on climate. Emissions of
CO have similar effect on tropospheric levels of CH4 and some of the other short-lived
greenhouse gases.

Some sources of these gases are natural in origin. Under natural conditions, sources of emissions
and removal mechanisms balance, leading to stable atmospheric concentrations. Human
activities unbalance sources and removal mechanisms or sinks, leading to changed atmospheric
concentrations. CO,, CH,4 and N,O are examples of greenhouse gases that are found naturally in
the atmosphere, but which are increasing in concentration in the atmosphere due to human
created imbalances between sources and sinks. Synthetic greenhouse gases like the CFCs,
HCEFCs, PFCs and HFCs are not found in nature.

In the case of some greenhouse gases, it is possible to remove them from the atmosphere through
human activities, thereby lowering concentrations. The most obvious instance of this is CO,,
which can be removed from the atmosphere through forest growth and expansion, and
agricultural tillage practices that build soil organic carbon. Thus, in addition to inventorying
CO, emissions, it is useful also to inventory carbon sinks.

Trends in greenhouse gas emissions are presented in this section for Minnesota. Not all
greenhouse gases are treated. Omitted are the CFCs and HCFCs, as well as tropospheric ozone
precursors. In addition to being greenhouse gases, the CFCs, HCFCs and chlorocarbons are
ozone-depleting compounds. After a residence time of typically decades in the atmosphere, they
are oxidized or undergo photolysis, which frees chlorine to catalytically destroy ozone in the

39



Minnesota Climate Change Action Plan: A Framework for Climate Change Action

lower stratosphere. As ozone depleters, these compounds are regulated under the U.N. Vienna
Convention on Substances that Deplete the Ozone Layer, rather than the U.N. Framework
Convention on Climate Change. Because of this, it has become something of a convention not to
treat CFCs and HCFCs in greenhouse gas inventories.

NOy and VOC emissions also are not treated due to the difficulties in developing an agreed to
measure of their effect on climate.

The greenhouse gases that are treated in the Minnesota emission inventory are listed in Table 5.1
along with their global warming potential. A global warming potential (GWP) is a measure of
the relative effectiveness of any greenhouse gas in raising mean global temperature. Expressed
in CO;-equivalent tons, the GWP converts the emission of a unit emission of any one greenhouse
gas to the approximate amount of emitted CO; needed to realize the same effect on climate.

Thus a one ton emission of CHy is equivalent in its effect on global climate as 21 tons of emitted
COg; one ton of N,O is equal to 310 tons of CO,, one ton of SFg to 23,900 tons of CO,. For CO,
which is treated in the inventory, the scientific literature gives a GPW of 1 to 3. To be
conservative, the MPCA uses a value of one.

Table 5.1 Greenhouse Gases Treated in Minnesota Emissions Inventory and Global
Warming Potentials*

Chemical Compound GWP (100 year time Chemical Compound GWP (100 year time
horizon) horizon)

Cco,’ 1 | SFg 23,900

CH,4 21 | CO 1

N,O 310 | C2H4 1

HFC-134a 1300 | HFC-152a 140

PFCs 6000 — 12,000 | HFC-43-10-mee 1300

*Global warming potentials used are from the Second Assessment Report of the Intergovernmental Panel on
Climate Change. They do not differ significantly from those presented in the Third Assessment Report.

In developing the inventory presented below, an effort was made to limit the types of emissions
treated to those actually occurring within the borders of Minnesota. However, in the case of
aviation, emissions were calculated on the basis of fuel consumed by flights originating in
Minnesota. An effort also was made to locate emissions from continuously emitting sources like
landfills in the year in which they were likely to have occurred.

Greenhouse gas emissions from Minnesota sources totaled 138 million CO,-equivalent tons in
2000. By emitting sector, nearly 70 percent originated from transportation and electric
generation. Figure 5.1 shows the calculated 30-year trend in emissions between 1970 and 2000.
Over this period, emissions from Minnesota sources increased from about 99 million CO,-
equivalent tons to the present 138 million tons, or by about 40 percent. Since 1990, greenhouse
gas emissions have increased by about 21 million tons, growing at a rate of 1.7 percent per year.

Aggregate carbon storage on timberlands and in landfills and housing is shown graphically in
Figure 5.2 for Minnesota for the period 1970 to 1990. By the early 1990s, the annual rate of
increase in the amount of carbon stored in these reservoirs was about 7 million tons, or 20
million CO;-equivalent tons. This is a measure of the rate of biospheric removal of CO, from
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the atmosphere. In the early 1990s, this would have acted to offset about one-sixth of
greenhouse gas emissions from all sources in Minnesota.

Figure 5.1 Greenhouse Gas Emissions from Minnesota
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Figure 5.3 shows forecasted trends in greenhouse gas emissions out to the year 2010. Emissions
are expected to increase to about 160 million CO,-equivalent tons by 2010, continuing past
trends in emission. This will leave emissions roughly 35 percent higher than the targets laid out
in 1992 in the UN Framework Convention on Climate Change. Due to the difficulty in
projecting economic change in the industrial sector, emissions from industrial activity were left
at 2000 levels. The history of emissions from this sector suggest that, due to fluctuating
industrial sector emissions, the 2010 forecast level could be higher by several million tons or,
given past volatility in emissions, lower by 5 to 10 million tons. The short-term effects of the
economic recession of 2001/2002 are not treated.
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Figure 5.2 Carbon in Place on Tiberland and in Landfills and Housing in Minnesota
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Figure 5.3 Historic and Forecasted Greenhouse Gas Emissions from Minnesota
180,000,000 HOwaste
OCommercial
160,000,000 H Residential
M Industrial
OAari
140,000,000 Agriculture
OElectric Utility
M Transportation
» 120,000,000
5
|_
S 100,000,000
©
2
& 80,000,000
L
8 60,000,000
40,000,000
20,000,000
0
—_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ N N N N N N
© © © © © © © © © © © [(e} © © (e} o o o o o o
~ ~ ~ ~ ~ [e5) oo oo [e) 02} (e} © © © (e} o o o o o =
o N £ (e} e} o N N (e} oo o N B (e} oo o N B (o)} oo o
Year

42



Minnesota Climate Change Action Plan: A Framework for Climate Change Action

5.2 Transportation

Transportation emissions of greenhouse gases totaled an estimated 40 million CO,-equivalent
tons in 2000. Since the early 1980’s, emissions have increased by about 50 percent, increasing at
an annual rate of about 1.8 percent per year.

Greenhouse gases that are emitted from Minnesota transportation include: CO,, N,O, CH,4, CO,
ethane, and HFC-134a. In addition, jet aircraft can have an indirect effect on climate through
high altitude effects on cirrus cloud formation, stratospheric ozone and water vapor amounts.
These, however, are uncertain, and so are not included in this inventory. CO; is produced during
the combustion of fossil fuels, mostly refined petroleum products in highway vehicles, aircraft,
boats, and rail locomotives, as well as some natural gas used in the engines that push natural gas
through the natural gas transmission system. N,O is produced by the catalytic converters
installed in most light-duty vehicles to control other types of pollution. Smaller amounts are
produced at the point of combustion. CHy is also produced during combustion, but most CHy
emitted from the Minnesota transportation system is leaked from natural gas transmission and
distribution pipelines. Most emitted ethane derives from the gas transmission system.

CO is produced during the incomplete combustion of fossil and biomass fuels. As discussed
above, it has an indirect climatic effect, photochemically elevating tropospheric levels of ozone,
an important greenhouse gas. Within months of emissions, CO is oxidized to CO,, and thus acts
as the source of an additional release of CO; to the atmosphere. Finally, HFC-134ais a
refrigerant used in mobile air conditioning in cars, light-duty and heavy-duty trucks and buses.
Small amounts of HFC-134a are released to the atmosphere upon air conditioning servicing,
vehicle retirement, and leakage associated with routine vehicle operation.

The historical trend in greenhouse gas emissions from Minnesota transportation is shown in
Figure 5.4. In 1970, emissions were some 26 million CO;-equivalent tons, remaining largely
unchanged through the early 1980’s. Beginning in the mid-1980s, emissions from transportation
expanded dramatically, reaching 33 million CO;-equivalent tons in 1990, and 40 million tons in
2000.
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Figure 5.4 Greenhouse Gas Emissions from Minnesota Transportation
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Currently, emissions of CO, account for about three-quarters of all greenhouse gas emissions
from Minnesota transportation. Of the other greenhouse gases emitted from transportation,
emissions of N,O account for about 5 percent of releases, CH4 4 percent, CO 3 percent, and
HFC-134a one percent.

By emission source, light-duty vehicles account for about half of all greenhouse gases emitted
from Minnesota transportation. Aircraft account for another one-quarter of emissions; heavy-
duty trucks for one-tenth. Natural gas transmission and distribution accounts for about one
twentieth of greenhouse gas emissions, while the remaining five percent derives from smaller
railroad, marine, bus, RV, motorcycle and mobile air conditioning sources. Figure 5.5 shows the
trend in greenhouse gas emissions from 1970 to 2000 by emission source.
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Figure 5.5. Greenhouse Gas Emissions from Minnesota Transportation
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Highway vehicles account for about two-thirds of all greenhouse gas emissions from
transportation, some 32 million CO,-equivalent tons. The historic trend in emissions from
highway sources is shown in Figure 5.6. Over the initial part of this period, 1970 to 1987,
greenhouse gas emissions were flat or declining, due to a combination of rising light-duty
vehicle fuel economy and high fuel prices. Since 1987, emissions have increased at a rate of
about 1.7 percent per year, fueled by a dramatic growth in emissions from light-duty trucks.
Over this period, emissions from light-trucks more than doubled, while emissions from cars
declined by one-fifth. Over this same period, emissions from heavy-duty trucks, the next largest
highway source, increased by one-third, but in absolute terms by only 1.5 million tons.
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Figure 5-6. Greenhouse Gas Emissions from Minnesota On-Road Transportation
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Underlying the growth in emissions from highway vehicles has been a more than doubling of the
number of vehicle miles traveled (VMTs) on Minnesota roadways since 1970 and a 50 percent
increase in fuel consumption in highway vehicles over the same period. Historic trends in VMTs
on Minnesota roadways and in fuel consumption by highway vehicles are shown in Figures 5.7
and 5.8, respectively. About 90 percent of the growth in vehicle miles traveled on Minnesota
roadways since 1980 has resulted from growth in light truck VMTs. Over the same period,
virtually all of the growth in fuel consumption by highway vehicles was accounted for by
increased fuel use in light trucks.

After highway vehicles, the next two largest sources of emission of greenhouse gases from
Minnesota transportation are civilian aircraft and natural gas pipelines. Emission trends for these
nonhighway sources of emission are shown in Figures 5.9 and 5.10. Since the early 1970s, two
large natural gas pipelines have been constructed in Minnesota, and capacity on the largest
pipeline system in the state, Great Lakes Gas Transmission, has more than doubled. Over this
same period, greenhouse gas emissions from pipelines have increased from about 1 million CO,-
equivalent tons in 1970 to an estimated 2.3 million tons in 2000. Over this same period,
emissions from aviation increased from an estimated 1.5 million CO;-equivalent tons to over 5
million CO;-equivalent tons with the growth of Minneapolis-based Northwest Airlines into one
of the nation’s largest air carriers.
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Figure 5.7 Vehicle Miles Traveled on Minnesota Highways
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Figure 5.8 Energy Content of Fuels Used by Highway Vehicles in Minnesota
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Figure 5.9 Greenhouse Gas Emissions from Natural Gas Transmission and Distribution in
Minnesota
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Since, with the exception of HFC-134a usage and CH4 leakage from transmission pipelines, all
greenhouse gas emissions from transportation derive from fuel combustion, the principal
underlying driver of emissions is transportation energy use. The trend in energy use in the
Minnesota transportation sector since 1970 is shown in Figure 5.11. From 1970 to 2000, total
energy use in transportation has increased from about 290 million to 475 million MMBtu, most
of it since the mid-1980s.

The methods used to calculate highway, rail, marine and aviation emissions of greenhouse gases
were taken from USEPA (1995), IPCC (1998), and USEPA (2001). Emissions from the natural
gas transmission and distribution system were estimated using the methods and emission factors
given in Radian (1997). CO emissions from 1985 to 2000 were taken from USEPA (2002).
Emissions of CO prior to 1985 were calculated using mean per mile traveled emission factors for
the mid1980s reported in USEPA (2002). HFC-134a use and emissions were modeled using a
stock model of vehicles in Minnesota and emission factors from USEPA (1987).

Emissions from railroad locomotives and barges were estimated based on reported fuel use,
rather than ton-miles of travel in the state. In the future, it would be useful for emissions to
reestimated on a ton-mile basis. Emissions from commercial air travel are also calculated on the
basis of fuel purchases in the state, hence represent fuel use associated with air travel originating
in Minnesota, rather than air travel within Minnesota airspace.
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Figure 5-10. Greenhouse Gas Emissions from Air Travel Originating in Minnesota
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Figure 5.11 Energy Use in the Minnesota Transportation Sector
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Historic and forecasted trends in greenhouse gas emissions from transportation in Minnesota are
shown graphically in Figure 5.12. Emissions from highway vehicles are forecast from trends in
the underlying factors that determine the demand for travel. These include: population, per
capita disposable income, fuel price, the distribution of drivers with age, and elasticities of
demand for travel with respect to income, fuel price, and fuel economy improvements. The
vehicle population in the state is modeled using empirically derived scrappage rates for cars and
light-duty trucks, trends in per capita vehicle ownership in Minnesota, and the forecast
distribution of new light-duty vehicle purchases by vehicle type and fuel. On-road fuel economy
is calculated from new vehicle fuels economies, as adjusted for the effects of vehicle age,
highway speeds and observed differences in new vehicle fuel economy between the U.S. EPA
test estimates and actual on-road performance.

Emissions from heavy-duty trucks are calculated from forecasted VMTs and forecasted
improvement in fleet fuel economy for the U.S. VMT growth is linearly extrapolated from trends
in Minnesota in heavy-duty truck VMTs since 1980.

Greenhouse gas emissions from aviation are forecast principally on the basis of forecasted
enplanements at Minneapolis-St. Paul airport, and trends in average trip length and energy
consumption per passenger-seat mile. Emissions from natural gas transmission and distribution
are forecast on the basis of completed or already planned expansions in the transmission system,
and only slow growth in already existing components of the system. The distribution system is
assumed to expand linearly with the forecast expansion in the customer base.

Figure 5.12 Historic and Forecasted Greenhouse Gases from Minnesota Transportation
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Emissions of HFC-134a are calculated using a stock model of vehicles, refrigerant charge, and
leakage rates for servicing, normal operations and retirement. Emissions from rail and barge
operations are assumed to remain constant at the 1996-2000 average annual emission level.

Forecasted greenhouse gas emissions follow the long-term trajectory of emissions, increasing to
52 million CO;-equivalent tons by 2010 (See Figure 5.12.). Emissions from passenger cars
stabilize, following a long decline. Emissions from light-duty trucks increase by about 5.5
million tons to 20.5 million CO,-equivalent tons, or by more than one-third from the present.
Emissions from heavy-duty trucks increase from the present by 1.3 million CO;-equivalent tons
to 6.5 million tons. Emissions from gas transmission increase only slightly, while forecast
emissions from aviation increase from the present by 1.5 million CO,-equivalent tons to 6.7
million tons.

The principal determinants of emissions growth from highway vehicles are VMT growth and the
light-duty vehicle fleet composition. Forecasted trends in VMTs on state roadways are shown in
Figure 5.13. VMTs are forecast to increase by about one-fifth by 2010, from the current 52
million to 63.6 million. This continues the observed trajectory of growth. The growth mirrors
the forecasted rate of growth in income in the state. It long has been observed that travel demand
increases almost linearly with income.

Figure 5.14 shows the distribution of light-duty vehicles among passenger cars and light-duty
trucks for the period 1970 to 2000 and the forecast period. The observed penetration of light
trucks into the fleet is forecast to continue to 2010. Since the average fuel economy of the
average light truck is one-quarter to one-third lower than that of the average passenger car, this
translates to a rapidly rising trajectory of emissions.

Figure 5.13 Historic and Forecasted Vehicle Miles Travelled on Minnesota Highways
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Figure 5.14 Historical and Forecasted Light-Duty Vehicle Population
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Of forecasted nonhighway emissions, those from aviation are the most important. Figure 5.15
shows historic and forecasted greenhouse gas emissions from aviation by type of aviation
service. Passenger service is the principal driver of emissions, accounting for more than half of
the forecast 1.5 million CO;-equivalent ton increase to 2010.

Figure 5.15 Historic and Forecasted Emissions of Greenhouse Gases from Aviation
Originating in Minnesota
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5.3 Electricity Generation

The electric generating sector includes all facilities in Standard Industrial Classification (SIC)
codes 4911, 4931, 4961 and 4953 that are generating electricity or steam for sale off-site. This
includes municipal waste combusters that generate electricity or raise steam for off-site use.
Also included are industrial facilities in SIC codes 10 or 26 (iron ore mining and paper/pulp
production) that are committed to some extent to servicing the electric grid. In apportioning
emissions from these facilities between the electric generating and industrial and mining sectors,
care was taken to ascribe to electric generation only those emissions that were associated with
reported sales.

Greenhouse gas emissions from electric generation are dominated by emissions of CO,. 38.5
million CO;-equivalent tons of greenhouse gases were emitted in 2000, 99% of which were in
the form of CO,. The combustion of coal accounts for most emissions of greenhouse gases from
electric generation, about 95 percent of all emissions from this sector. The combustion of natural
gas, oil and solid waste each account about equally for the remainder.

A detailed record of emissions has been assembled on a facility-by-facility basis for the period
1983 through 2000. This includes all small and large base-load and intermediate-load facilities
and most peaking plants, including small kilowatt-scale plants. The trend in greenhouse gas
emissions from these facilities is shown in Figures 5.16 and 5.17 by gas and source of emission,
respectively. Since 1983, greenhouse gas emissions from electric generation have increased
from 20 million CO;-equivalent tons to the current 38.5 million tons, growing at a rate of about
3.9 percent per year.

Figure 5.16 Greenhouse Gas Emissions from the Electricity Generation Sector in Minnesota
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Figure 5.17 Greenhouse Gas Emissions from Electricity Generation in Minnesota
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Primary inputs of energy to electric generation have increased more slowly than greenhouse gas
emissions. This is due to the role of civilian nuclear power in electric generation in Minnesota,
which was instituted in the early-to-mid 1970s and have not been expanded significantly since.
Primary energy inputs to electric generation in Minnesota are shown in Figure 5.18. In terms of
percentage distribution of primary energy inputs, coal combustion accounts for about 60 percent
of primary inputs to electric generation in Minnesota, civilian nuclear power about 30 percent.
The remainder derives from the combustion of petroleum coke, natural gas and solid waste in
baseload steam turbine facilities and natural gas in gas-fired turbines.

A longer record of greenhouse gas emissions going back to 1970 is shown by gas in Figure 5.19.
For the period 1970-1982, emissions are calculated using state-level fuel use data for the electric
generation sector developed from surveys and emission rates for coal-fired, natural gas-fired and
oil-fired generation capacity that were common for the mid-1980s. In the early 1970’s,
greenhouse gas emissions from electric generation in Minnesota were about 15 million tons,
increasing two and one-half fold by 2000. Increased CO, emissions account for most of this.

The historic record of primary fossil fuel and wood inputs to electricity generation since 1970 is
shown in Figure 5.20. Primary energy inputs have increased from about 200 million MMBtu in
1970 to about 380 million MMBtu in 2000. In the early 1970’s, natural gas and oil accounted for
more than one-third of all nonnuclear primary energy inputs to electric generation, coal about
two-thirds. Today coal combustion accounts for about 95 percent of nonnuclear energy inputs.
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Figure 5.18 Energy Input in Minnesota to Energy Production in the Electricity Generation

Sector in Minnesota
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Figure 5.19 Greenhouse Gas Emissions from the Minnesota Electricity Generation Sector,
1970-2000
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Figure 5.20 Primary Fossil Fuel and Wood Energy Input to the Electricity Consumption
Sector in Minnesota
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The long-term trend in emission rates in Minnesota per kilowatt-hour (kwh) of electric
generation is shown graphically in Figure 5.21 for the period 1970-2000. About 1.6 CO,-
equivalent pounds of greenhouse gases are emitted to the atmosphere from Minnesota electric
generating facilities per kwh of electricity generated. This is down from about 2 lbs. per kwh in
the early 1970s, but up from about 1.3 to 1.4 Ib. per kwh the middle 1970’s, when civilian
nuclear power became an important source of electric generation in Minnesota. Since the middle
1980’s, and increased reliance on coal, emissions rates per kwh of generation have risen about 20
percent to the present 1.65 to 1.7 pounds per kwh.

Underlying the growth in greenhouse gas emissions from electricity generation is long-term
growth in generation in Minnesota. The historical record of net generation in Minnesota going
back to 1970 is shown in Figure 5.22.

The methods used to calculate current and historical greenhouse gas emissions were taken from
U.S. EPA (1995) and IPCC (1998). Omitted from the emissions inventoried were those of SFg
from the electric transmission and distribution system. This source probably contributes between
several tens of thousands to several hundreds of thousands of tons of emissions to the inventory
totals given above. The results shown above for CO, agree well with the independent but
parallel record of CO, from large baseload and intermediate-load plants taken from the U.S.
EPA’s continuous emission monitoring system database.

56



Minnesota Climate Change Action Plan: A Framework for Climate Change Action

Figure 5.21 Emissions of Greenhouse Gases from the Minnesota Electricity Generation
Sector per Kilowatt-Hour of Electricity Generated
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Figure 5.22 Net Generation of Electricity in Minnesota
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In the future, greenhouse gas emissions from electric generation in Minnesota are expected to
increase to about 44 million CO,-equivalent tons, or about 15 percent. This is shown graphically
in Figure 5.23. This derives both from enhanced utilization existing power plants and from the
construction and operation of new plants.

Figure 5.23 Historic and Forecasted Emissions of Greenhouse Gases from the Minnesota
Electricity Generation Sector
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The trend in utilization rates for large baseload and intermediate-load facilities is shown in
Figure 5.24. Utilization rates have risen from about 50 percent in 1983 to about 70 percent in
recent years. There appears to be room for a further increase of perhaps 5 percent.

Regarding installed electric generation capacity, about 9,500 MW of capacity currently are
installed within the borders of Minnesota. Most analysts have projected that this total will
increase, but there is debate about how much and what type of capacity will and should be added
to the existing stock. In 1999, the Minnesota Department of Commerce (Commerce) forecast the
need for 3,500 to 5,000 MW of new capacity between 2005 and 2010. It is now generally
understood that this forecast probably overstated the need for new capactiy. Since the
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Figure 5.24 Capacity Factor for Large Base- and Intermediate-load Electric Generation Units
in Minnesota
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Commerce forecast was developed, demand nationally has flattened, electricity prices on
wholesale markets have plummeted, and a multitude of expansion projects, thought needed only
a few years before, have been cancelled. Plans to build a new baseload coal-fired power plant in
Minnesota have been shelved. Figure 5.25 shows the historic record for installed electric
generation capacity in Minnesota going back to the early 1970s. Over that period, installed
capacity increased about 3,500 MW or at a rate of 1,300 MW per decade.

Since Commerce made its forecast, roughly 1,500 MW of new capacity have been constructed or
permitted for construction by state regulatory agencies. This alone would bring electric
generation capacity in-line with what would be expected with a continuation of long-term
historical trends. An additional 500 MW of new capacity has been proposed for the period out
to 2010. Given the historic record of capacity additions, and prevailing market conditions, this
added 2,000 MW is probably an upper limit of what reasonably constitute future capacity
additions. Due to the economics of dispatch, this new capacity could be expected to operate at
lower levels of utilization than existing plants, 45 to 60 percent of capacity for baseload and
intermediate-load facilities.

The forecasted trend in greenhouse gases shown in Figure 5.23 was developed assuming that:

1. all facilities currently under construction or in permitting are completed;

2. new natural gas-fired combined cycle turbines are operated as intermediate-load plants;

3. new coal-fired and other solid fuel-fired plants are operated as baseload plants at a 65
percent utilization rate;
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4. and, future coal use at existing facilities follows the forecasts provided by the principal
investor-owned utilities in the state in the Integrated Resource Plans.

It also allocates emissions from the Taconite Harbor plant to the electric generation sector
following its purchase by Minnesota Power.

Figure 5.25 Historic and Forecasted Installed Summer Electricity Generation Capacity in
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Based on the forecast shown in Figure 5.23, greenhouse gas emissions grow at a rate of 1.3
percent per year to 44 million CO»-equivalent tons by 2010. Most of the calculated emissions
growth occurs between 2004 and 2005, when the bulk of the new facilities that are planned or
under construction begin operation. Emissions from new facilities account for about one-third of

the new emissions above present levels; the remainder comes from increased coal use at existing
facilities.

Finally, it might be noted that Xcel Energy has proposed a repowering project at three of its
metropolitan area plants that, if implemented, would lower annual emissions from these plants
by about 2 million CO;-equivalent tons. The repowering project, which would cost an estimated
$1 billion, has yet to be considered or approved by the Minnesota Public Utilities Commission

(PUC). Depending on PUC action, the emission reductions envisioned under the proposal might
or might not be realized.
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5.4 Agriculture

Agricultural emissions of greenhouse gases include: N,O, CHy, CO,, and CO. CHy is produced
through the decomposition of organic matter in oxygen-poor or anaerobic environments like
those found in manure storage ponds, wild rice paddies, or the digestive tracts of animals,
particularly ruminants like cattle. Small amounts of CH4 also are emitted during the combustion
of liquid petroleum fuels in agricultural machinery. Waterlogged agricultural soils can be
another source of agricultural CH4. Natural sources in Minnesota include wetlands, marshes and
peat bogs.

CO; is produced during foss