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Introduction

Introduction

While climate change is a global challenge, its impacts are experienced at the local level, and it
falls to local communities to address them. We are already experiencing the impacts of climate
change in Missoula County, and those impacts are projected to intensify over the coming
decades and to touch every sector of our county. Changes are likely to include reduced low
elevation snowpack, earlier spring snowmelt, more frequent and intense droughts and wildfires,
and impacts to agriculture and recreation. The earlier that we understand and prepare for these
changes, the greater our chances of mitigating their impacts on human health and safety, the
natural environment, and our local economy.

Missoula County, the City of Missoula, and Climate Smart Missoula are working together to lead
a county-wide effort to better understand our greatest vulnerabilities in the face of climate
change, and to develop a coordinated plan to prepare our county for the changes we are facing.
This climate resiliency planning process will unfold over the next 12-16 months and will
generally follow the guidelines of the Climate Ready Communities program developed by the
Geos Institute (Geos Institute 2017). The process relies on community engagement and will
involve a broad range of local stakeholders in fields including public health, emergency services,
agriculture, forestry, wildlife, recreation, business, underrepresented communities, and local
water, energy, and transportation systems.

This is not the first time that climate adaptation has been considered in Missoula County; indeed,
numerous local efforts have addressed this topic either directly or indirectly. The goal of this
process is to build from those efforts in a comprehensive and inclusive manner.

This Climate and Community Primer is intended to inform stakeholders involved in the Climate
Resiliency Planning process. The Primer includes four main sections:

1. Three mid-century climate scenarios for Missoula County, intended to describe a range of
plausible futures that the county could experience in the next 30 years;

2. A brief overview of Missoula County, including its physical setting, demographics, and
economy;

3. Climate change projections specific to Missoula County drawn from the Montana
Climate Assessment and other sources; and

4. A discussion of the implications of those climate change projections for the county’s
environment and natural systems, agriculture, cultural resources, human health, and
economy.

This Primer does not involve original research but draws on the wealth of information available
on these topics, including the Montana Climate Assessment, the City and County Growth
Policies, the Community Health Assessment, the Pre-Disaster Mitigation Plan, the Community
Wildfire Protection Plan, scientific papers, and many other resources (see Works Cited for a
complete list).

Missoula County-Wide Climate and Community Primer 1
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Mid-Century Climate Scenarios for Missoula County

The three scenarios below describe plausible futures for Missoula County based on current
trends, recent events, scientific research, and climate projections (citations available upon
request). These are plausible futures that Missoula County could face in the next 30 years.
Scenarios are used in planning for climate adaptation as a way to tangibly represent key
uncertainties related to a) projected changes in temperature and precipitation at the local scale,
and b) the implications of those changes for ecosystems and human communities. The goal is to
provide detailed descriptions of what the future could look like to help people identify specific
challenges and opportunities within different sectors and communities across the county.
Scenarios also enable us to prepare for the range of futures that climate change might bring to
Missoula County.

The scenarios below were reviewed by seven subject matter experts to ensure that they reflect
the latest science on current and projected climate impacts. Refer to subsequent sections of this
primer for additional detail on many of the impacts mentioned in the scenarios.

This is not intended to be an exhaustive depiction of plausible impacts. We will use these
scenarios in the workshops as a starting point for conversations about the changes Missoula
County could face, to identify additional impacts, and to start developing strategies to prepare for
these changes.

Scenario 1: Turn Up the Heat

In this scenario, the annual average temperature increases by approximately 6°F by mid-century,
with the greatest temperature increase in the summer (about 7°F, versus 5°F the rest of the year).
This is similar to the present day average annual temperature in Denver, Colorado, 500 miles
south of Missoula. Average summer temperatures will be hotter than the summer of 2017, when
we experienced a prolonged heat wave. We’ll experience 2-3 additional weeks per year with
daily high temperatures above 90°F. Average annual precipitation will remain about the same,
but the timing of precipitation will change: summers will be drier and the rest of the year slightly
wetter. On average, summer rainfall will decrease by about 30%.

Fire and Smoke

With higher temperatures and less precipitation in the summer and early fall, fire seasons will
last an average of 12 days longer than they do today, and the total land area burned each year
will increase about 50% on average. While we will not see extensive, region-wide burning every
year, fire seasons like 2012 and 2017, which saw widespread burning across the northern
Rockies, will become more frequent.

Wildfires will pose an increasing threat to the lives and properties of Missoula County residents,
in particular those who reside in the wildland-urban interface (which encompasses nearly all
inhabited areas of Missoula County, with the exception of the Missoula urban core).

Over time, increases in the size and severity of fires will reduce the extent of low elevation
forests, converting forested areas to shrublands or grasslands. Invasive species such as leafy

Missoula County-Wide Climate and Community Primer 2



Mid-Century Climate Scenarios for Missoula County

spurge and spotted knapweed thrive in areas that have been recently disturbed and will increase
their range as a result of more area burned. Warmer winters will also promote larger pine beetle
populations.

Longer and more intense fire seasons in Missoula County and throughout the region will mean
longer periods of unhealthy air quality due to wildfire smoke, increasing the incidence and
severity of respiratory and cardiovascular disease among county residents. Emergency room
visits for breathing problems, heart attacks, and strokes will spike during periods of dense
wildfire smoke. Children, the elderly, people with heart and lung disease, and outdoor workers
will be among the most impacted. The smoke season will last well into September, and possibly
October, with increasing impacts on schools and fall athletic programs. Outdoor recreation and
tourism will decline during periods of wildfire smoke. Portions of Yellowstone and Glacier
National Parks will close more frequently due to wildfires; and even when the parks are open,
wildfire smoke will obscure vistas and deter tourists. Thousands of jobs will be lost in the
tourism industry statewide.

Water

Warmer winters will lead to a decline in mountain snowpack. That snowpack will melt earlier
due to warmer spring temperatures, leading to peak streamflows 2-3 weeks earlier in the year.
Late summer streamflows will be much lower than they are now, reducing the amount of water
available for fish and riparian vegetation. In addition, lower flows combined with hotter
summers will mean higher river temperatures, reducing populations of temperature-sensitive
species such as bull trout. Higher river temperatures will lead to more frequent and longer-lasting
“hoot owl” fishing restrictions, which prohibit fishing during certain hours of the day in order to
minimize stress on trout when water temperatures are high. Warming water temperatures may
also result in the proliferation of parasites, viruses, fungal infections, and algae blooms,
impairing water quality, affecting aquatic plants, and killing fish.

Due to a later fall freeze and earlier spring thaw, the growing season will increase in length by
about 2 months. While annual precipitation does not change in this scenario, warmer
temperatures will result in increased evaporation, reducing the water available for plant growth
by 4-8%. In addition, less summer precipitation and lower August streamflows will mean that
less water is available for agriculture during the growing season. The longer growing season
could be beneficial to irrigated agricultural producers in the county, as long as they have
adequate access to water for irrigation. Warmer temperatures might also benefit the nascent
viticulture industry in Missoula County. However, some crops may be damaged by heat stress
due to hotter summer temperatures, and ranchers will experience decreased forage production
and an increase in invasive species on rangelands.

Reduced snowpack and earlier snowmelt will impact winter recreation. For example, Snowbowl
will face shorter ski seasons and more frequent closures of low-elevation terrain, and
opportunities for low-elevation nordic skiing and backyard ice skating will be reduced or
eliminated. Seasons for other recreational sports such as mountain biking may be extended due
to warmer springs and falls, but will also be affected by wildfire smoke.

Missoula County-Wide Climate and Community Primer 3



Mid-Century Climate Scenarios for Missoula County

Scenario 2: Here Comes the Rain Again

In this scenario, average annual temperatures increase by about 3°F by mid-century (about half
as much as in Scenario 1), and we experience roughly one additional week per year with daily
high temperatures above 90°F. Average annual precipitation increases by 15%. This additional
precipitation falls in the winter, spring, and fall; summer precipitation does not change. We also
experience several more days per year of intense rainfall.

There will be an increase in the number and intensity of droughts and wildfires in this scenario,
but not as pronounced as the increase as in Scenario 1 Turn up the Heat. On the other hand,
flooding will be a much bigger issue in this scenario than in Scenario 1.

Changing Seasons

While summer precipitation does not change in this scenario, hotter summers increase
evaporation rates, reducing water available for plant growth in the summer and resulting in a
greater contrast between wet and dry seasons. Early but short spring rains promote rapid green-
ups, followed by prolonged dry summers and brown landscapes.

The growing season increases in length by 2-3 weeks due to increased fall and spring
temperatures. These conditions will expand not only the growing season, but also the types of
crops we can grow in Missoula County, as well as affecting the timing of planting, fertilizer
application, and harvest.

Elk and other wildlife will benefit from the availability of ample forage in early spring, but may
be forced to change their normal winter ranges due to warmer winters and deeper mountain
snowpack.

Flooding

Throughout Montana’s history, “rain on snow” events have caused the most severe and
destructive floods. In this scenario, warmer temperatures and wetter winters and springs will
cause more rain on snow events and faster snowmelt, leading to more frequent and severe
flooding. By mid-century, the average winter and spring will be even warmer and wetter than
2018, when the Clark Fork River crested at its second highest level in 100 years and severe
flooding damaged houses and tipped power poles.

More frequent and severe flooding will lead to extensive property damage and pose a risk to the
health and safety of the hundreds of Missoula County residents who live or work in the
floodplain. Flooding will also increase the incidence of waterborne illness such as giardia.

In the urban area, more severe rain events will challenge our stormwater system, and greater
volumes of stormwater runoff that flow to the aquifer will increase the potential for
contamination of our drinking water supply.

Flooding will impact populations of fall spawning fishes, such as bull trout, whose eggs and
young are vulnerable to spring floods.

Missoula County-Wide Climate and Community Primer



Mid-Century Climate Scenarios for Missoula County

Scenario 3; Feast or Famine

In this scenario, average temperatures will increase 4-5°F by mid-century and we’ll experience
about two more weeks each summer with daily temperatures above 90°F. Average annual
precipitation will not change, but there will be much greater variability in precipitation from year
to year, with some very wet years and some intense drought years. An “average” year will be a
thing of the past.

Variability

On average, the total area burned by wildfires each year will be larger than it is today but smaller
than in Scenario 1 Turn Up the Heat. Increased year-to-year variability in precipitation will
result in increased variability in fire season length and area burned. Intense rainfall will reduce
total area burned in some years, depending on the timing within the fire season. The timing of
season-ending events, in particular, will be highly variable among years.

In dry years, we will experience low late-summer streamflows and reduced water available for
plant growth, with impacts on aquatic ecosystems, river recreation, and agriculture similar to
Scenario 1.

In wet years we will experience flood events similar to those described in Scenario 2 Here
Comes the Rain Again. Flooding will be exacerbated by the increase in wildfires in dry years,
since rainfall runoff over burned areas can cause flash flooding. Burned hillsides are also
vulnerable to landslides when it rains, resulting in soil loss which degrades land, slows regrowth,
and leads to excessive sedimentation in streams and rivers.

From year to year, the season and conditions for outdoor activities like skiing and fishing will
vary dramatically. Businesses involved in outdoor recreation and those that cater to tourists will
be particularly challenged to prepare for this unpredictability. Increased variability will also be
difficult for farmers and ranchers in the county, as the strategies for drought years may be very
different from wet years. Indeed, not being able to plan for an “average year” can be difficult for
many, from athletes (youth to adult) to construction firms. Being forced to alter schedules and
expectations each season can be stressful and economically costly.

Ecosystems

Extreme conditions such as long winters with heavy snowfall and summer drought are hard on
fish and wildlife. For example, elk distributions will change due to long winters in some years
and dry summers in other years. Fish that spawn in the fall are vulnerable to spring flooding; and
all fish species are stressed by low summer flows and warmer river temperatures.

Missoula County-Wide Climate and Community Primer 5
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Overview of Missoula County

Physical Setting?

Missoula County is located in western Montana and is the second most populous county in the
state. The county has a population of 117,441 (2017 U.S. Census estimate) and an area of 2,593
square miles. The City of Missoula is the only incorporated city and serves as the county seat.
More than 60% of Missoula County residents live in the City of Missoula, and more than 80% of
county residents live in the Missoula urban area. Unincorporated communities in Missoula
County include Bonner-West Riverside, Clinton, Condon, East Missoula, Evaro, Frenchtown,
Greenough, Huson, Lolo, Milltown, Orchard Homes, Potomac, Seeley Lake, and Turah. The
north-central portion of the county is part of the Flathead Reservation which is home to the
Confederated Salish and Kootenai Tribes (CSKT).

The forested mountains that frame the valleys and the open spaces that extend across the valley
floors are iconic of Missoula County. Over 1,975 miles of rivers, streams and named tributaries
crisscross the valleys. The City of Missoula is located at the base of Mount Sentinel at the hub of
five valleys and three rivers (the Blackfoot, the Bitterroot, and the Clark Fork). The Seeley Lake
area is located in the Clearwater River watershed, with a chain of lakes running through the
valley and forested mountain ranges on either side. The northernmost portion of the county,
which includes Condon, is in the Swan River Valley.

Almost 63 percent of the land in Missoula County is managed by state, federal and local
governments, with tribal lands accounting for an additional 6 percent. The U.S. Forest Service is
the largest landowner, with 51 percent of county land area, followed by the State of Montana at 9
percent. Figure 1 shows the distribution of these lands across the county.

! This section is adapted from the 2017 Update to the Pre-Disaster Mitigation Plan (Missoula County Office of
Emergency Management 2017).
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Figure 1. Land Ownership in Missoula County, Montana

Approximately half of Missoula County land cover is classified as forest. Other major categories
of land cover include “recently disturbed or modified” (recently burned or logged areas),
grasslands, water and riparian systems, and human land uses including agriculture and urban
areas (Montana Natural Heritage Program 2017a). Figure 2 shows land cover distributions
across Missoula County.
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General Land Cover

Missoula County, Montana
December 2017
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Figure 2. Land Cover in Missoula County, Montana

Because of its gradient from mountain tops to valley bottoms, there are various types of
ecological systems within Missoula County. These include conifer-dominated forest and
woodland systems, montane grassland systems, and floodplain and riparian systems (Montana
Natural Heritage Program 2018). These systems are described further in the Land Systems
section beginning on page 23.

Demographics

The county is expected to grow from its current population of 117,441 to 137,055 by 2035. The
highest rate of growth is expected in the 65+ age group (Missoula County 2016).

Growth rate is not uniform across the county; among the smaller communities, Lolo is growing
the fastest, while Seeley Lake is losing population. Age distributions also vary across the county.
The populations of Seeley Lake and Condon are older than the county as a whole, while the
populations of Frenchtown, Lolo, Turah, Clinton, and Bonner are younger (Missoula City-
County Health Department 2017a).
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Overview of Missoula County

Missoula County has a largely white population, with 92.1% of residents identifying as white.
The second largest racial category in the county is Native American, accounting for 2.5% of
residents. These percentages are relatively uniform across the county, with the exception of
Evaro, where 38.1% of residents identify as Native American (Missoula City-County Health
Department 2017a). Evaro is located on the Flathead Indian Reservation.

Economy

The City of Missoula serves as the economic hub not only of the county, but of the entire region.
Of the more than 76,000 jobs in Missoula County in 2013, less than 6,000 jobs were located
outside of the city. The local economy was historically fueled by timber production and
agriculture, and while these industries are still important, the economy has been changing
rapidly. Today, health care, education, retail and wholesale trade, tourism, government,
professional, technical and business services, and construction are the largest income generating
industries in the county (Missoula County 2016). More than 20% of Missoula County jobs are
related to travel and tourism (Headwaters Economics 2018), much of it associated with the
county’s outdoor recreational opportunities and its location between Glacier and Yellowstone
National Parks.

The unemployment rate in the county was 2.8% as of August 2018, below the national rate of
3.9% (Montana Department of Labor and Industry 2018). Missoula County residents are well
educated, with 41.8% holding Bachelor’s degrees or higher, compared to 30.3% nationwide
(Headwaters Economics 2018). However, the median household income in the county is
$46,371, significantly lower than the US average of $55,322. The median household income in
the City of Missoula is even lower, at $42,389. Poverty rates are higher than nationwide, with
16.1% of county residents (and 19.3% of city residents) living below the poverty line, versus
15.1% nationwide. Poverty rates in the county are higher among Native Americans (32.1%) than
whites (15.5%) (Headwaters Economics 2018).

Housing

Housing affordability is an increasing concern in Missoula County. As the county population
grows and household size (number of people per household) shrinks, there is increasing pressure
on the county’s housing stock, particularly in the urban area. As of 2016, about 25% of
homeowners and 47% of renters in Missoula County were “cost burdened,” meaning that they
pay more than 30% of their income for housing (Missoula Organization of Realtors 2018).
Housing prices have increased faster than incomes over the last decade, resulting in an increased
number of cost burdened households.

The median home sale price in the Missoula urban area jumped 34% from 2010 to 2017, to
$268,250. It would take an income of about $66,000 a year to afford the median-priced home,
well above Missoula County’s median household income of $46,371 (Missoula Organization of
Realtors 2018).

Over the past several years both the city and county have had rental vacancy rates below 5%,
indicating the need for additional rental housing stock (Werwath Associates 2018). However, the
construction of several large multifamily housing projects in the Missoula urban area in 2018
appears to have eased pressure on the rental market.

Missoula County-Wide Climate and Community Primer 9
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Overview of Missoula County

More than 5,000 people, or about 8% of the Missoula County workforce, commute from
neighboring counties (mostly Ravalli County), due in part to lower housing prices in these areas.

Homelessness is an ongoing concern in Missoula County, and in 2011 the city and county jointly
developed “Reaching Home: Missoula’s 10 Year Plan to End Homelessness.” A point-in-time
survey in January 2017 identified 344 homeless individuals in Missoula, and the number of
homeless children in Missoula County Public Schools was estimated at 438 during the 2016-17
school year (Missoula Organization of Realtors 2018).

Infrastructure

Water

The City of Missoula water system, acquired from the private Mountain Water Company in
2017, is the largest public water supply in Missoula County. It serves over 56,000 residents,
pulling water from the Missoula aquifer via 37 wells. The next largest water systems are the Lolo
Water District, which serves about 2,600 residents in the community of Lolo, and the Seeley
Lake Water District, which provides treated surface water to almost 1,400 residents (Montana
Department of Environmental Quality 2018). Another 12,000 residents get their drinking water
from 82 smaller community public water systems. The rest of Missoula County residents are
served by private water supplies, typically from individual wells.

The Missoula aquifer provides water for 80 percent of Missoula County residents; the rest are
served by smaller aquifers, rock and clay groundwater systems, springs, surface water or, for a
small percentage of the population, water hauled to the site and stored in cisterns. In the valleys,
alluvial aquifers (those with sand and gravel base) tend to be prolific and productive, but in some
areas of the County, wells drilled into bedrock or clay groundwater systems are less productive.

Filed water rights in parts of Missoula County exceed the amount of surface water available. As
a result, the Montana Department of Natural Resources cannot approve new water rights, without
proof of mitigation, in Grant Creek, Hayes Creek, the Clark Fork above the confluence of the
Blackfoot River, and the entire Bitterroot River. Because DNRC recognizes that groundwater
and surface water are connected, this prohibition affects both wells and surface water draws.
However, since individual wells below established withdrawal thresholds are exempt from water
right requirements, new development on individual wells continues to occur in most of these
areas.

Stormwater

When rain and melting snow run across hard surfaces such as rooftops, roads and parking lots,
they pick up pollutants which they then carry into the county’s rivers, streams, lakes, and
aquifers. Common pollutants in stormwater runoff include fertilizers, pesticides, oil, grease,
detergents, and metals, all of which harm water quality and aquatic plants and animals. The
Montana Department of Environmental Quality identifies the Bitterroot River as the only surface
water in Missoula County with specific impairments caused by stormwater. However, non-point
source contamination is the leading cause of the remaining water quality impairments throughout
the county and the state.
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Overview of Missoula County

The Missoula Water Quality Ordinance (Missoula Municipal Code Chapter 13.26) is intended to
protect water quality within the city limits and 5 miles beyond city limits. The Missoula Valley
Water Quality District responds to reports of illicit discharges to storm drains, soil, and water
bodies. The county’s Stormwater Management Plan calls for continuing public education,
detection and elimination of illicit discharges, control of construction site stormwater runoff, and
regulation of post-construction stormwater management in new development and redevelopment
(Missoula County MS4 Committee 2017). The City of Missoula’s Storm Water Utility, formed
in 2016, is responsible for operating and maintaining stormwater infrastructure in the city.

Rain that falls on natural, undeveloped areas is primarily absorbed by the soil. “Green
infrastructure” refers to the use of vegetation, soils, and other natural elements to reduce
stormwater runoff, while also providing habitat, flood protection, and cleaner water for the
community. Outside the Missoula urban area, most stormwater runoff from roads in the county is
managed through swales: shallow grassy channels that run alongside roads and absorb
stormwater. In addition, stormwater injection wells, or sumps, are used to infiltrate water into the
ground rather than direct it to surface water.

Wastewater

The City of Missoula operates the Missoula Wastewater Treatment Facility, which services most
of the urban area, East Missoula, and west along the interstate as far as the Wye. The Missoula
County Public Works Department runs the Lolo Wastewater Treatment Plant. Together these
public sewer systems serve about 66% of the households in the County. The rest of the
households in the county use onsite wastewater systems, although plans for a public sewer
system in Seeley Lake are under development.

Transportation

There are about 350 miles of public roadway in the City of Missoula and an additional 1,500
miles of roadway in the county outside city limits, as well as 2,400 miles of US Forest Service
roads. The Missoula International Airport is served by four airlines and provides nonstop flights
to 12 destinations. There are small airports in Seeley Lake and Rock Creek. Montana Rail Link
and Burlington Northern-Santa Fe move freight through Missoula County. According to
Montana Rail Link, about 16 to 20 freight trains pass through Missoula daily (Missoula County
2016). Passenger rail service is not available in the county.

More than 70% of Missoula County residents commute to work alone, driving their own vehicle
(United States Census Bureau 2017). However, there are a number of alternative transportation
methods available, especially for residents of the urban area. The Mountain Line bus system
offers 13 fixed routes, primarily within in the urban area, and has provided fare-free service since
2015. In 2017 Mountain Line provided over 1.5 million rides. Mountain Line also operates ADA
Comparable Paratransit service and Senior Van service for eligible passengers within a % mile
radius of existing fixed routes. The University of Montana’s UDASH bus system is also fare-free
and serves mostly university students. The Missoula Ravalli Transportation Management
Association offers fee-for-service van pooling connecting Missoula with Ravalli and Lake
Counties.
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Overview of Missoula County

There is extensive bicycle infrastructure in the urban area, including bike lanes, protected bike
lanes, and shared use paths. The League of American Bicyclists has designated Missoula a Gold-
Level Bicycle Friendly Community. Missoula’s Long-Range Transportation Plan, titled
“Activate Missoula 2045, sets a goal of reducing drive-alone trips by one-third through tripling
the number of trips taken by bike, walking, and transit (Activate Missoula 2045). The City’s
Missoula in Motion program works with non-profits, businesses and residents to make progress
toward that goal.

Energy

Three electric service providers operate in Missoula County: investor-owned utility
NorthWestern Energy serves the Missoula urban area, Missoula Electric Cooperative serves
much of the rural area of the county, and Mission Valley Power, which is a federal utility
operated by the Confederated Salish and Kootenai Tribes, serves the Flathead Indian
Reservation. These providers supply electricity from a variety of sources including hydroelectric
dams, coal-fired power plants, natural gas-fired power plants, and wind farms. With the
exception of a small amount of solar energy (see Renewable Energy section, below), none of
these generation sources are located within Missoula County.

NorthWestern Energy supplies natural gas to the majority of households in the county. Residents
of rural areas that are not served by natural gas lines utilize electricity, propane, and/or wood for
heating. Overall, 7 percent of Missoula County households use propane as their primary heat
source, and 6 percent use wood as their primary heat source (United States Census Bureau 2016).

Historically, woodstoves and fireplaces have been the primary cause of poor winter air quality in
Missoula County, since winter temperature inversions trap air pollution on the valley floors.
Today the Missoula City-County Health Department regulates the installation and use of
woodstoves and fireplaces throughout the county, with the most stringent regulations in the
“Missoula Air Stagnation Zone,” which encompasses the city of Missoula and about four miles
outside city limits in every direction. Today, the Missoula valley meets the federal ambient air
quality standards for fine particulates, but the small community of Seeley Lake experiences
exceedances of the standards almost every winter because of woodstove smoke.

Renewable Energy

Renewable energy development is accelerating worldwide due to climate change policies as well
as the dropping costs of many renewable energy technologies.

As of 2016 there were about 250 small customer-owned solar energy systems on homes and
businesses in Missoula County (Montana Renewable Energy Association 2016), and that number
continues to grow. In addition, Missoula Electric Cooperative operates three 50 kilowatt
“community solar” projects, the output of which it sells to participating co-op members.
Google’s Project Sunroof estimates that 83 percent of buildings in Missoula County are viable
for solar panels based on roof orientation, size, and shading (Google 2018). If solar were
installed on all those rooftops, it would provide enough electricity for about 34,000 households,
or 72 percent of households in the county.
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Overview of Missoula County

The state of Montana is ranked in the top five among all U.S. states for wind energy potential.
However, that potential is located in central and eastern Montana. Wind speeds in Western
Montana, including Missoula County, are not suitable for wind energy development.

Much of Missoula County is forested, and over the years there has been interest in expanding the
use of biomass as an energy source. An effort to develop a biomass boiler at the University of
Montana in 2011 ultimately failed as a result of the high cost of sourcing and transporting
appropriate biomass material in comparison to the low price of natural gas, as well as concerns
about its impact on air quality.
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Climate Change Projections

Climate change will affect all parts of the globe, but not all will be affected in the same way.
Some areas will be most impacted by sea level rise, others by extreme heat, others by drought or
flooding or wildfire. Our discussion of climate resiliency must therefore begin with an in-depth
understanding of historical climate conditions and projected climate trends here, in Missoula
County. This chapter aims to provide that understanding, given what we know today.

In brief: Missoula County’s summers are expected to become hotter and drier. Winters and
springs are expected to become warmer and wetter. More precipitation will fall as rain instead of
snow, especially at low elevations. These changes will directly impact our quality of life and the
local economy. For example, warmer, drier summers increase the risk of wildfires and wildfire
smoke that damages pulmonary and respiratory health and deters tourists. Prolonged periods of
high temperatures increase the risk of heat-related illnesses. Changes in temperature and
precipitation patterns affect Missoula County’s water resources and the wildlife, agriculture, and
recreation economies that depend on them.

While there is much that we can say with confidence about how our climate is changing, any
effort to predict the future is accompanied by uncertainty. In climate modeling, this uncertainty
stems from the fact that the models themselves are by necessity simplifications of reality, as well
as uncertainty about whether and how quickly greenhouse gas emissions will be reduced
worldwide. The projections presented in this section are based on the results of twenty different
climate models in order to account for the uncertainty that accompanies any one model. We also
present results for two greenhouse gas emissions trajectories, one in which emissions are reduced
substantially in the coming decades, and another in which they continue to increase (see Climate
Models section). In addition, we address the uncertainty in climate projections directly
through three plausible mid-century climate scenarios presented on pages 2-5 of this
primer. These scenarios illustrate a variety of possible futures for Missoula County based on the
climate projections presented in this chapter.

This chapter begins with a discussion of climate basics and the data sources used in this project.
It then describes historical trends and future projections for temperature and precipitation in
Missoula County. The implications of these temperature and precipitation changes for Missoula
County’s environment and natural resources, agriculture, cultural resources, human health, and
economy are discussed in later chapters.

Climate Basics

What’s the difference between weather and climate? Weather refers to the condition of the
atmosphere at a given time and place, usually a short period of time lasting from minutes to
months. Climate, on the other hand, refers to average weather conditions of a region over a
longer period of time. The World Meteorological Organization describes climate using a
minimum period of 30 year averages, but climate can also be broadly described over hundreds to
millions of years (World Meteorological Association 2017). Climate may also be described by
the magnitude and frequency of extreme weather events like flooding or droughts. Climate
change, therefore, refers to long-term changes in average weather conditions.
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Climate Change Projections

Earth’s climate and weather systems are powered by the radiant energy of the sun. Most of that
energy is either reflected back out to space or absorbed by the Earth’s surface, but about 20% of
it is absorbed by gases in the Earth’s atmosphere. Some of the energy absorbed in the
atmosphere is radiated back toward the Earth’s surface, further heating the land and oceans. This
process by which the atmosphere absorbs and radiates solar energy is known as the “greenhouse
effect.” The gases that contribute to the greenhouse effect, known as greenhouse gases, include
carbon dioxide (COz), nitrous oxide (N20), methane (CHa), and ozone (O3).?

The Earth’s climate is inherently dynamic and has been changing throughout the planet’s history.
Past climate changes have been associated with natural causes such as changes in the Earth’s
orbit, volcanic activity, and gradual, periodic shifts in the atmosphere’s greenhouse gas
concentrations. However, the recent change in Earth’s climate has been largely, if not entirely,
caused by human activity, in particular greenhouse gases emitted by the combustion of fossil
fuels (coal, oil, and natural gas) that we use to fuel our cars and trucks, heat our buildings, and
produce electricity. Since 1750, atmospheric concentrations of CO2, N2O, and CH4 have
increased by 40%, 20%, and 150%, respectively, to levels that are unprecedented in at least the
past 800,000 years (Intergovernmental Panel on Climate Change 2014). For comparison, an
equivalent natural increase in greenhouse gases during the end of the past ice age took over
5,000 years.

Data Sources

The Montana Climate Assessment (Whitlock et al. 2017), a project of the Montana Institute on
Ecosystems, was completed in 2017 following two years of work by a team of researchers at the
University of Montana and Montana State University. The Montana Climate Assessment
includes climate projections for seven climate divisions across the state (Missoula County falls
within the northwestern climate division), as well as chapters addressing the impacts of climate
change on Montana’s water, forests, and agriculture.

This primer draws heavily from the Montana Climate Assessment. In addition, for climate
projections specific to Missoula County, we made use of the Climate Explorer, a web application
built to accompany the U.S. Climate Resilience Toolkit developed by the National Oceanic and
Atmospheric Administration in partnership with twelve other federal agencies (United States
Global Change Research Program 2018). For current and historical conditions, we used the
Climate Explorer’s observational data along with NOAA’s Climate at a Glance web application,
which is gathered from local weather stations for the years 1950-2013. For future projections, we
used the Climate Explorer’s modeled projected data.

Climate Models

Climate scientists use complex computer models, called general circulation models, to make
climate change projections by simulating interactions in the atmosphere, land, and oceans. Our
data sources for this project, including both the Montana Climate Assessment and the Climate
Explorer, use data from an ensemble of general circulation models known as the Coupled Model

2 Water vapor is also a greenhouse gas, but because of its short residence time in the atmosphere (days, as opposed
to decades or centuries for the other greenhouse gases) it is not a cause of climate change. However, water vapor can
amplify the effects of climate change because warmer air has the capacity to hold more water.
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Climate Change Projections

Intercomparison Project Phase 5 (CMIP5). The climate models in the CMIP5 rely on standard
socioeconomic trajectories, known as Representative Concentration Pathways (RCPs), that
describe different potential future greenhouse gas emission scenarios. RCPs are not forecasts or
predictions but are plausible climate scenarios based on future energy sources, population
growth, economic activities, and technological advancements over the course of the century.
There are four RCP scenarios in the CMIP5: RCP2.6, RCP4.5, RCP6.0, and RCPS8.5.

Following the Montana Climate Assessment, this primer presents information from the RCP4.5
and RCP8.5 scenarios. RCP4.5 is a stabilization scenario that assumes a peak in greenhouse gas
emissions around 2040 followed by a decline, and expresses confidence that the global
community will take action in the near future to reduce emissions. RCP8.5 is a business-as-usual
scenario that assumes greenhouse gas emissions will steadily increase throughout the 21% century
and expresses low confidence in the global community’s ability to reduce emissions. Throughout
this primer, RCP4.5 and RCP8.5 will be referred to as the “stabilization scenario” and the
“business-as-usual scenario”, respectively.

Current and Historical Conditions

Missoula County is located west of the Continental Divide, and as such its climate is heavily
influenced by the weather patterns of the Pacific Northwest, with cooler summers, milder
winters, and more year-round precipitation than central and eastern Montana. Figure 3 and
Figure 4 compare seasonal average temperature and precipitation in Missoula County and
Montana as a whole.? Note that while the City of Missoula receives an average of about 14
inches of precipitation per year, higher-elevation regions in the county receive much more,
resulting in a county-wide average of nearly 30 inches per year.

3 Unless stated otherwise, seasons are defined in this primer as winter (December-February), spring (March-May),
summer (June-August), and fall (September-November).

Missoula County-Wide Climate and Community Primer 16



Climate Change Projections

Temperature in Fahrenheit

Figure 3. Comparison of Missoula County’s and Montana’s annual and seasonal average temperature.
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Data from NOAA Climate at a Glance tool for years 1901-2000. Averages include both daytime and
nighttime temperatures.

Precipitation in Inches

Figure 4. Comparison of Missoula County’s and Montana’s annual and seasonal average precipitation.
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Since 1950, Montana’s annual and seasonal average temperatures have been steadily increasing.
From 1950-2015 northwestern Montana’s average annual temperature increased by about 2.5°F,
with the highest rate of warming occurring in the spring (Whitlock et al. 2017). During the same
period, average annual precipitation in northwestern Montana decreased by about 3.8 inches,
with most of that decline occurring during the winter season. This decreasing trend likely comes
from an increased number of El Niflo events, which are associated with warmer and drier
winters, during this time period. The El Nifio Southern Oscillation (ENSO) is a natural
phenomenon and therefore it is likely that this declining precipitation trend is a part of the natural
climate variability of the Pacific Northwest. For more information on ENSO and its relationship
to Montana’s climate, see Chapter 1 of the Montana Climate Assessment (Whitlock et al. 2017).

Rising average temperatures have been accompanied by changes in Montana’s climate extremes.
An analysis of climate extremes performed by the Montana Climate Assessment found a
significant decrease in the number of days per year with intense cool temperatures and a
significant increase in the number of days per year with intense warm temperatures. During the
period 1951-2010, monthly minimum and maximum temperatures have increased by 5°F and
1.1°F, respectively. Throughout the state, the number of frost days (days with minimum
temperatures below 32°F) has decreased by 12 days from 1951-2010, while the number of hot
days (days with maximum temperatures exceeding 90°F) has increased by 11 days. These trends
have contributed to an increase in the length of the growing season by 12 days since 1951
(Whitlock et al. 2017).

Future Climate Projections

Temperature

In both the stabilization and business-as-usual emission scenarios, temperatures are projected to
continue increasing. By mid-century, Missoula County’s average annual temperature is projected
to increase by about 4°F in the stabilization scenario and 5°F in the business-as-usual scenario.
By the end of the century, Missoula County’s average annual temperature is projected to increase
by about 5°F in the stabilization scenario and 8°F in the business-as-usual scenario. The greatest
temperature increases are projected in July, August, and September. Figure 5 shows the
projected change in average annual and seasonal temperature by mid-century and the end of the
century.
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Climate Change Projections

Temperature Change in Fahrenheit

Projected Temperature Change in Missoula County
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Figure 5. Projected change in annual and seasonal average temperature for Missoula County by mid-
century and the end of the century. Data from Climate Explorer.

As temperatures rise, the average number of hot days (> 90°F) per year is projected to increase
12-20 days by the middle of the century and 18-39 days by the end of the century.* In contrast,
the average number of frost days per year is projected to decrease 36-46 days by the middle of
the century and 45-73 days by the end of the century.

Precipitation

Average annual precipitation for Missoula County is projected to increase by 2-3% by mid-
century and by 3-6% by the end of the century. However, the change in precipitation is not
expected to be uniform across all seasons. Winter and spring (and, to a lesser extent, fall) are
expected to receive more precipitation, while summers are expected to be drier (Figure 6). This
projection differs from the decrease in precipitation (especially winter precipitation) observed in
Missoula County in recent decades. This difference is likely due to natural variability from the El
Nifio Southern Oscillation, as discussed above, and a time lag in the effect of anthropogenic
warming on precipitation. While it takes many years to establish climate trends, recent changes
in precipitation appear to align more closely with projections.

Warmer temperatures are likely to result in more precipitation falling as rain rather than snow in
the western Montana, especially at low elevations (Whitlock et al. 2017).

* Ranges represent the difference between the stabilization and business as usual scenarios.
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Projected Precipitation Change in Missoula County
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Figure 6. Projected changes in average seasonal precipitation for Missoula County by mid-century and
the end of the century. Data from Climate Explorer.

Concluding Thoughts on Climate Projections

It’s hard for statistics to paint a complete picture of what it will be like to live in Missoula
County in 2050 or 2100. Luckily, we can draw on recent experience to help paint that picture.
The summer of 2017 was significantly warmer and drier than the historical average; in northwest
Montana, summer temperatures were 4.1°F higher than the average of the past 30 years, and
summer precipitation was 2.4 inches less than the 30-year average. These conditions are similar
to what projections suggest will be the new average in Missoula County by mid-century. It is
likely no coincidence that 2017 was also one of the worst fire seasons ever recorded for Missoula
County.

Also, refer to the mid-century climate scenarios for Missoula County (pages 2-5) for further
illustrations of how climate change may impact the county over the next 30 years.
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What Will Climate Change Mean for Missoula
County?

The preceding chapter covers climate change projections for Missoula County: specifically, the
temperature and precipitation changes we can expect in the coming decades. This chapter
describes possible implications of those changes for the county’s environment and natural
