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Introduction
Preparing for climate change now will allow our valley not just to be resilient in the face of that
changing climate, but also in response to the snowstorms, spring floods, droughts, and wildfires that
are part of life in this part of Montana. Bitterroot Valley resilience to climate change should begin at
the community level. Ravalli County is already experiencing the impacts of our changing climate,
ranging from warmer winters leading to reduced water storage in our snowpack, to an increase in
extreme weather and more severe wildfires. If we plan now, the Bitterroot Valley and its communities
will be able to “bounce forward,” instead of finding ourselves reacting to change.
The Bitterroot Climate Action Group hopes to work with the City of Hamilton and other Bitterroot
Valley citizens and entities to recognize our vulnerabilities in the face of climate change, to develop
plans to increase resiliency and reduce those vulnerabilities, and perhaps even to reduce (or mitigate)
our contribution to climate change. A
 resilient community is one that is able to predict, prepare
and respond to changes in a positive manner. Adaptation to climate change, which is often used
interchangeably with resiliency, refers to actions that lessen the impacts of climate change or
protect people and nature from those impacts. M
 itigation refers to actions that reduce the overall
magnitude or rate of long-term climate change by reducing the concentration of greenhouse
gases in the atmosphere, and will not be the focus of this primer. The resiliency planning process
will focus on anticipating and preparing for likely changes, rather than attempting to reduce our
impacts, and typically takes roughly 12 months. The Climate Ready Communities Program may serve
as a useful guide. Crucial to the process will be community engagement from those involved in public
health, emergency services, agriculture, forestry, wildlife, recreation, business, underrepresented
communities, and local water, energy, and transportation systems.
This primer is designed to provide basic information to participants in the Resiliency Planning
process. It has three parts:
1. A brief overview of Ravalli County, including physical setting and demographics,
infrastructure, and economy.
2. Climate change predictions specific to Ravalli County, drawn from the Montana Climate
Assessment and other sources.
3. Description of the implications of the climate change predictions for the County’s
environment and natural systems, agriculture, human health, and economy.
This primer does not include original research. The information was drawn from a wealth of existing
data included in the Montana Climate Assessment, growth policies, the Community Health
Assessment, the Ravalli County Pre Disaster Mitigation Plan, and other documents and sources.
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Overview of Ravalli County
Physical Setting and Demographics
Ravalli County is located in southwestern Montana (see Fig. 1). The county is home to an estimated
population of 41,902 (US Census, 2020 estimate), has been growing at about 1.4% per year for at least
the last ten years (Swanson 2018), and covers 2,390 square miles (U.S. Census QuickFacts, 2019).
There are about 16.8 people per square mile (U.S. Census QuickFacts, 2019). The city of Hamilton is
the only incorporated city and is the county seat. Towns include; Darby, Pinesdale, and Stevensville,
while the census-designated places are Charlos Heights, Conner, Corvallis, Florence, Sula, and Victor
(2010 U.S. Census estimate). Unincorporated communities include Alta, Bell Crossing, Cinnabar
Court, Como, Gorus, Grantsdale, Medicine Hot Springs, and Riverside. In 2010, population growth
in the County was predicted to slow and to only reach 44,691 by 2030. The City of Hamilton area
population was largely stable (around 2500) before the mid-nineties, but increased rapidly after that,
reaching 4,594 in 2014. The City and surrounding planning area are predicted to reach 11,620 by
2030. The median age in the City is higher than in the state as a whole (about 43 years old vs about 40).
Ravalli County has a largely white population, with 95.7% of residents identifying as white. The
second largest racial category in the county is Native American, accounting for 1.2% of residents.
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Figure 1. Bitterroot Valley and communities therein. Used with permission of the Ravalli County
Tourism Business Improvement District.
The valley is bordered by the Bitterroot Mountains to the west and the Sapphire Mountain range to
the east. The county offers entry into these forested areas through the Bitterroot National Forest and
the Lolo National Forest, administered by the US Forest Service with the Department of Agriculture,
and the Lee Metcalf Wildlife National Refuge, administered by the US Fish & Wildlife Service within
the Department of the Interior (Fig. 2). State lands include Calf Creek Wildlife Management Area and
School Trust Lands. Plenty of hiking trails run through these protected areas. The Bitterroot River
flows through Ravalli County to its confluence with the Clark Fork near Missoula, Montana.

Figure 2. Ravalli County land ownership (data from the Montana Natural Heritage Program, 2017)

Economics
The main economic driver in Ravalli County is population growth. The influence of being adjacent to
Missoula, a regional commercial center with an international airport and university, is undeniable. As
mentioned previously, Ravalli County has been growing at a high rate, increasing from 14,543 in 1970
to its present population. Ravalli County’s population is the 7th largest of Montana’s 56 counties,
with more residents than Butte-Silver Bow County. Ravalli County has the 7th largest total personal
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income base in the state, at $1.64 billion dollars in 2016. Total full- and part-time employment in
Ravalli County in 2018 was 21,655, 8th among all counties in the state.
An increasing population means increased receipts from home construction and real estate sales, and
growth in the service industry which is the largest and fastest growing economic sector in the
Bitterroot Valley. Construction labor earnings totaled $103 million in 2018, compared to $39 million
for all manufacturing, including forest products. (The manufacturing total peaked at $65 million in
2001. The decline was largely due to a decline in the wood products industry.) The service industry
has for decades provided more income and jobs than the non-service sector: 14,314 jobs compared to
5,189 (Headwaters Economics, 2020). Service industry labor earnings totaled $415 million compared
to $157 million for the non-service industry. The three sectors in Ravalli County with the largest
employment are retail sales, health care, and government. The industries with the largest growth in
employment are health care, real estate (sales and rental-leasing), and administrative services. The
tourism and travel industry accounts for 16.6% of all employment in the County. Agriculture has
consistently had negative earnings for more than a decade, a point addressed later in this section.
The economy of Ravalli County is dependent on population growth which, in turn, is spurred by a
high quality of life due to the natural amenities of western Montana. Public lands play a large role in
this attraction, with Federal lands constituting 73.6% of the County (Headwaters Economics, 2020).
Some economists, however, stress the importance of maintaining and growing the non-service sector
(also called the primary sector) to provide a sustainable economic foundation, a subject of continuing
debate. In the Bitterroot, agriculture, forest products and small manufacturing compose the primary
sector.
Ravalli County is much more than a non-metropolitan bedroom community. The history and
cultural identity of the Bitterroot Valley has been tied to its past as a center of agriculture and logging.
These rural characteristics are also part of the reason people move to the valley. The County is still
distinctly rural, with agriculture providing 6.4% and timber 1.4% of employment, well above the
national average. (Headwaters Economics, 2020). To residents, the valley is not just part of the
exurban sprawl between Kalispell and Hamilton, but has a unique identity, including Stevensville, the
oldest settlement in Montana, and venerable institutions such as the Rocky Mountain Laboratories.
It would be a mistake to minimize the influence of agriculture on the economy in the Bitterroot
Valley. Although net income from agriculture, as measured by the difference in receipts and
expenditures, has been consistently negative (US Census of Agriculture, 2017), this does not mean
that farming and livestock operations are in crisis or disappearing. Throughout the valley, thousands
of people are running small agricultural enterprises, from small orchards and vegetable farms to sheep
and goat ranching, aviaries, and cow-calf operations. Many residents and new arrivals are attracted to
the farming and ranching lifestyle and have moved onto acreage, rather than owning homes in towns
or suburbs, in order to pursue their passion for producing food. There are monetary incentives also.
9

Mini farms and ranches that have annual receipts of $1,500 or more qualify to be taxed as farmland.
(Montana Code Annotated, 2015). Maintaining acreages that were once part of larger cattle, dairy, or
orchard operations is expensive, and small-time farming can help to defray the expense, even if it does
not result in sizable or any net income. In addition to agricultural production, such lands provide open
space and often, bird and wildlife habitat. The valley is home to at least 16 feed, farm supply,
irrigation, and tractor retail establishments, demonstrating demand and income from agricultural
pursuits.
Like other population centers in Montana, the Bitterroot Valley has a growing number of organic
farms, with more than 20 presently operating and most providing year-round income for their
owner-operators. (Hamilton Farmers Market Coop, 2020) There is a thriving farmer’s market every
season in Hamilton, which has been expanding every year. There is also a growing Wednesday evening
market in Hamilton, as well as markets in Stevensville and Darby.
The decline of the timber industry has often been blamed for reduced labor income in the area, and
there has been a major decrease in logging and wood products in western Montana and the Bitterroot.
The decline is usually attributed primarily to a shift in Forest Service policy toward ecosystem
management, with a decreased emphasis on timber production. Timber harvest on the National
Forest has declined from an average of 34 MMBF (million board feet) in the late 1980s to 10 MMBF
today (Barkley, 2019). Other factors, however, have played a larger role in the decline of this industry.
Automation has led to technologically sophisticated mills that need far fewer people to operate and
produce many times as much lumber. Timber harvest has also become a lot less labor intensive with
the advent of such machines as the feller buncher. Automation and increased efficiencies m
 ake
recovery of those jobs and income unlikely. Other factors that affect the western timber industry
include the rapid rise of the Southeast as a major timber producer, international trade agreements, and
increased imports from Canada. In short, there is more competition from places that can grow wood
much faster than the mountains of western Montana (Headwaters Economics, 2017). There will
always be a wood products industry in the Bitterroot Valley and it is an important part of the
economic mix. Forest experts also assert that maintaining the timber industry infrastructure is
important to the stewardship of the forest resource as both a source of forest products and other forest
amenities.
Ravalli County is home to an aging population, with a median age that rose from 45.1 in 2010 to 48.8
in 2018, compared to an average age of 37.9 in the US as a whole. As in other rural areas, educational
attainment is below the national average with 27.1% having a bachelor's college degree and 10.8% a
postgraduate degree. The City of Hamilton has a slightly above national average percent of those with
bachelor’s degrees, at 31.6%. Also in line with other rural areas in the US, the County lags in both wage
and household income. Median household income in 2020 is estimated to be $48,930 compared to
$60,293 for the US. 53% of household income in the Bitterroot comes from non-labor sources such as
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retirement and investments, compared to the national average of 37.4%. This would be expected with
an older and aging population and average earnings per job at $34,306 compared to the national
average of $63,443. Rural incomes are historically less than those in larger population centers, because
of a generally lower level of economic activity and the synergies and opportunities that come with a
critical mass of population. (Guzman et al., 2018).
The price of housing in Ravalli County had been steadily increasing even before the COVID-19 crisis.
The pandemic has led to a pronounced in-migration of people leaving more densely populated areas in
the region and the US. In February of this year, the median price of a house in the County was
$310,000. (US Census, 2017) A recent estimate by Zillow had the typical house price increased to
$325,000. For more than a decade, the valley has had a problem with home affordability. A family
spending more than 30% of their income on housing is considered “cost burdened.” In the Bitterroot,
40.8% of families spent more than 30% of their household income on mortgage costs (compared to
28.5% for the United States) and 43.1% of renters also paid more than 30% on housing. A study of the
housing shortage, prepared for the Bitterroot Task Force on Housing and Homelessness in 2017,
showed that the county had an average of 1.6 or more persons per room; anything over 1.1 is
considered crowded. In September of 2020, the Bitterroot Affordable Housing Coalition stated that
“the housing crisis has worsened due to the pandemic, personal economic situations, in-migration
from other places and the changes of availability of rental properties as owners sell what they used to
rent.” The real estate and construction boom during the summer of 2020 brought the unemployment
rate to 4.5% , down from double digit pandemic levels in the early spring (Montana Department of
Labor and Industry, 2020). Direct payment to individuals and businesses from the federal monies of
the US Cares Act and State relief programs, has kept aggregate demand and household income from
plummeting in the Bitterroot Valley. This, coupled with the booming demand in construction and
real estate (also due to the pandemic), results in the local economy looking relatively good. Having an
economy based on in-migration, housing development and real estate value appreciation, however,
leaves a lot to be desired, and it keeps a lot of people out, particularly those that cannot afford housing.

Infrastructure
Water
Potable
Ravalli County contains numerous drinking water systems, including community and
non-community or larger water systems. The largest one is that of the City of Hamilton, which has
seven active and two inactive wells, and serves 4,500 people. Stevensville and Darby also provide water
from wells, serving 1,970 and 850 residents, respectively. Pinesdale serves 800 residents with a surface
11

water-derived system. In addition to these municipal water systems, the County has 24 community
systems, defined as serving at least 15 year-round connections or 25 year-round residents, all of which
use groundwater as a source. The remainder of County residents are served by private wells and surface
water systems.
Stevensville, Victor, Corvallis, Darby, and Hamilton have some sort of wastewater treatment system,
serving about 25% of Ravalli County residents. The remaining 75% must rely on private septic
systems.
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 Ravalli 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.
Reservoirs
Ravalli County has two large reservoirs, Lake Como and Painted Rocks Reservoir, which provide
water storage for the Bitterroot Irrigation District and West Fork of the Bitterroot River, respectively.
Most of the west side canyons also have small, high mountain reservoirs, many within the
Selway-Bitterroot Wilderness, that supply water to small irrigation districts.

Transportation
The City of Hamilton has about 28 miles of public roads, with a total of about 1,450 miles in all of
Ravalli County, of which 550 are maintained by the County. The US Forest Service inventories 3054
miles of roads on the Bitterroot National Forest, most of which are in Ravalli County. The Ravalli
County airport is just outside of Hamilton, and has one Fixed Base Operator, providing charter air
service. The airport is undergoing an improvement project, and will have a 5,200 foot runway.
Stevensville also has an airport, with a single, 3,800-foot runway. Montana Rail Link owns a rail line
that extends from Missoula to Darby, but most of the track has not been maintained for years and is
unusable.
Although most Ravalli County residents commute and travel around the Bitterroot Valley by privately
owned vehicle, there are several transportation alternatives available. Within Hamilton, the Bitterroot
Bus, run by the Ravalli County Council on Aging, has scheduled routes and door-to-door service by
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appointment. The Missoula-Ravalli Transportation Management Association runs a vanpool service
and provides park-and-ride and other commuting services. In addition, there are a few privately
owned taxi and shuttle services in Ravalli County.
There is a maintained bicycle path from Hamilton to Missoula, paralleling US Highway 93. The City
of Hamilton developed a Non-Motorized Transportation Plan in 2012, which lists numerous
suggested improvements to encourage pedestrians and bicyclists, and adopted a “Complete Streets
Policy” in 2014, requiring new and major reconstruction projects to accommodate pedestrians,
cyclists, disabled users, and public transit. The City already has some designated bike paths and lanes,
along with signed bike routes.

Energy
Electricity
Two electric service providers operate in Ravalli County: investor-owned utility NorthWestern
Energy serves the urban centers of Hamilton, Corvallis, Stevensville, and Florence, as well as a majority
of the users west of US 93 north of Hamilton; Ravalli Electric Cooperative (REC) serves much of the
rural area of the county, including the West Fork and East Fork regions and portions of the west side
of the valley not served by Northwestern Energy. These providers supply electricity from a variety of
sources including coal-fired power plants, natural gas-fired power plants, wind farms and,
predominantly, hydroelectric dams managed by Bonneville Power Administration. With the exception
of a small amount of solar energy (see Renewable Energy section, below), none of these generation
sources are located within Ravalli County. Electricity supplied to Ravalli County is carried in
transmission lines operated by NorthWestern Energy.
Natural Gas
NorthWestern Energy owns and operates an extensive system supplying natural gas to many
households throughout the county, particularly the the urban centers of Hamilton, Corvallis,
Stevensville, and Florence, as well as the rural area north of Hamilton bounded by the Big Ditch on the
east and the Forest boundary on the west.
Other Sources of Heating
Residents of rural areas that are not served by natural gas lines utilize electricity, propane, and/or wood
for heating. Propane for both business and residential customers is serviced by 3 local providers:
Axmen, Energy Partners, and Alpha. Historically, woodstoves and fireplaces have been the primary
cause of poor winter air quality in Ravalli County, since winter temperature inversions trap air
pollution on the valley floors. Despite this, the Bitterroot valley meets the federal ambient air quality
standards for fine particulates (https://deq.mt.gov/AIR/SR/FederalStandards).
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Renewable Energy
Renewable energy development is accelerating worldwide due to climate change policies as well as the
dropping costs of many renewable energy technologies. There are 222 net metering customers of
NorthWestern Energy in 2020. REC has about 70 more customers, and those numbers continue to
grow. Also, REC operates one 25 kW “community solar” project, and its output is sold to
participating co-op members. 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 Ravalli County, are not suitable for commercial wind energy
development. Much of Ravalli County is forested, and efforts have been made to utilize biomass for
heating and electricity production. In 2003, Darby School District installed a biomass boiler system for
facility heating, funded by a USDA-Forest Service Fuels for School program grant.

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 impacted primarily 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 for the City of Hamilton and Ravalli
County. This chapter aims to provide that understanding, given what we know today.
In brief: Bitterroot valley 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 our 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 exists because
the models are, by necessity, simplifications of reality. Another uncertainty is 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). This chapter begins with a discussion of climate
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basics and the data sources used in this project. It then describes historical trends and future
projections for temperature and precipitation in the city of Hamilton and Ravalli County. The
implications of these temperature and precipitation changes for Hamilton and Ravalli County’s
environment and natural resources, agriculture, human health, and economy are discussed in later
chapters.

Climate Basics
What is 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.
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 main gases that contribute
to the greenhouse effect, known as greenhouse gases, are carbon dioxide (CO2), nitrous oxide (N2O),
methane (CH4), 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
(https://www.google.com/url?q=https://iopscience.iop.org/article/10.1088/1748-9326/11/4/04800
2?platform%3Dhootsuite&sa=D&ust=1604414271166000&usg=AOvVaw1nuDhdIApjivCG9D7-2
8mB). A major contributor has been 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.
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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 (Hamilton and Ravalli County fall
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. We have also, with permission,
modeled this primer on the Missoula County Primer, including copying some sections that apply to
both counties, Missoula and Ravalli, equally. In addition, for climate projections specific to Hamilton
and Ravalli 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-present. 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 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 RCP8.5.
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 21st century and expresses low
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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
The city of Hamilton and Ravalli County are located west of the Continental Divide, so the 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. Ravalli County is a
semi-arid region and therefore, the availability and quality of water are critical for the health of our
community and ecosystem. Our mountain snowpack comes largely from Pacific storms. This winter
precipitation is the primary water supply serving our waterways, municipalities, farms and ranches and
recreational and tourism industries. Figure 3 and Figure 4 compare seasonal average temperature and
precipitation in Ravalli County and Montana as a whole. The City of Hamilton receives an average of
about 13 inches of precipitation per year, however, higher-elevation regions in the Bitterroot, and to
some extent Sapphire, mountain ranges act as water towers storing and receiving larger amounts of
precipitation, resulting in a county-wide average of nearly 30 inches per year.

Figure 3. Comparison of Ravalli County and Montana’s annual and seasonal average temperature.
Data from NOAA Climate at a Glance tools for years 1901-2000. Averages include both daytime and
nighttime temperatures.
17

Figure 4. Comparison of Ravalli County and Montana’s annual and seasonal average precipitation.
Data from NOAA Climate at a Glance tool for years 1901-2000.

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). Ravalli County average
temperature from 1950-2019 has increased +0.3 degrees F/decade for a total of 2.1 degrees F
temperature increase since 1950. The maximum temperature has increased + 0.4 degrees F/decade for
a total of 2.8 degrees F during the same time period and the minimum temperature has increased +0.2
degrees F/decade for a total of 2.6 degrees F (NOAA Climate at a Glance).
During the period 1950-2015, average annual precipitation in northwestern Montana decreased by
about 3.8 inches, with most of that decline occurring during the winter season (Whitlock et al. 2017).
In Ravalli County, annual precipitation has decreased from 1950-2019 by 0.28 inches/decade, for a
total of 1.96 inches since 1950 (NOAA climate at a glance). This trend likely comes from a higher
frequency of El Niño events, which are associated with warmer and drier winters, during this time
period. The El Niño 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
18

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
For this section we will report a range of values that represent the two RCP scenarios, stabilization and
business-as-usual.

Temperature
In both the stabilization and business-as-usual emission scenarios, temperatures are projected to
continue increasing. By mid-century, Northwestern Montana’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, Northwestern Montana’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 2075 for Ravalli
County, which are less than the changes projected for all of Northwestern Montana..
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Figure 5. Projected change in annual and seasonal average temperature for Ravalli County by
mid-century and 2075. 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 Ravalli 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 and at least some of the precipitation gains will be offset by evaporation from soils
and water bodies and transpiration from plants due to higher temperatures. 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 Ravalli County in recent decades. The observed difference is likely due to
natural variability from the El Niño 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.
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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). Data from Bruce Maxwell shows
that Montana’s snowpack has declined over the observational period (since the 1930s) in the
mountains west of the Continental Divide, with the most pronounced decline since 1980. Historical
observations show a shift toward earlier snowmelt and an earlier peak in spring run-off reducing
late-summer water availability in snowmelt dominant watersheds (see below). Despite recent winters
of 2017- 2019, when western Montana mountains recorded record-high snowpack of over 100%,
(111-152% April 1 snow water equivalent), this trend is unlikely to be the norm, as warmer
temperatures force earlier snowmelt and runoff and will result in more winter precipitation as rain
than as snow.

Figure 6. Projected changes in average seasonal precipitation for Ravalli County by mid-century and
2075. Data from Climate Explorer.

Concluding Thoughts on Climate Projections
Statistics do not paint a complete picture of what it will be like to live in Hamilton or Ravalli County
in 2050 or 2100. Luckily, we can draw on recent experience to help paint that picture. The winter and
spring of 2017 were warmer and wetter and the summer was significantly hotter 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
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conditions are similar to what projections suggest will be the new average in Hamilton and Ravalli
County by mid-century. Agriculture will likely suffer in these conditions, with reduced availability of
irrigation in late summer and increased extreme weather events. Increased wildfires are expected, as
wetter springs result in increased fuel accumulation and drier summers lead to fuel desiccation. The
size and the length of fire season will likely increase in both forest and grassland. It is likely no
coincidence that 2017 was also one of the worst fire seasons ever recorded for western Montana, with
2000 and 2016 two of the worst for Ravalli County.

What Will a Changing Climate Mean for Ravalli
County?
Environment and Natural Systems
Water Systems
Background
Ravalli County falls within the Clark Fork River Basin, and encompasses the Bitterroot River Valley
and surrounding mountains. The Bitterroot is one of the major tributaries of the Clark Fork, and
Ravalli County includes some of the highest headwaters of the Clark Fork. The Clark Fork, which is
the largest river in Montana by volume, is a snowmelt-dominated river that sees most of its annual
streamflow delivered during a relatively brief period (April-July). The majority of snowpack in the
Clark Fork River Basin occurs at relatively low elevations, below 8,000 ft (Whitlock et al. 2017).
The Bitterroot River and its tributaries are central to Ravalli County’s identity and to our economy.
The river helps recharge the aquifer that supplies drinking water to the Bitterroot Valley, agricultural
operations rely on water from the Bitterroot and other rivers and streams, and rivers are key to the
county’s recreation and tourism industries.
Snowpack
Although snowpack at all elevations in western Montana has declined in recent decades, winter
snowpack in Ravalli County has only declined at lower elevations (Figure 7). This decrease is caused
by a combination of increasing winter temperatures and decreasing winter precipitation. At higher
elevations, snowpack has not yet decreased in Ravalli County (Figure 8), but this is expected to change
over time; also see discussion in the Climate Change Projections chapter about the El Niño Southern
Oscillation. In the future, lower elevations will be most impacted by the projected increase in
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temperature, resulting in a 30-40% decrease in snowpack by mid- century and in a higher elevation
snowline. Some studies suggest that we could see an increase in snowpack at high elevations (above
6,500 ft); however, since only a small fraction of Ravalli County is so high, this potential increase is
unlikely to offset the expected decrease in snowpack at lower elevations. By the end of the century
increasing temperatures will likely reduce snowpack significantly across the county, even at high
elevations.

Figure 7. Snowpack (measured by snow water equivalent, in inches) at the low elevation (5600 ft)
Twelvemile Creek Snotel Site.
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Figure 8. Historic Snowpack of the Bitterroot Basin, at two times that generally flank the maximum.
Data are Snow Water Equivalent (SWE), in inches. Pooled data from 6 Snotel Sites.
Streamflow
The greatest impact of climate change on Bitterroot Valley water resources is likely to be earlier
snowmelt, leading to an earlier peak in spring runoff (see, e.g., Fig. 9). Over the past half-century,
spring runoff has shifted at least a week earlier in the northern Rockies, and this trend is likely to
continue as the climate continues to warm (Whitlock et al. 2017).
Earlier snowmelt and decreased summer precipitation are expected to reduce late-summer streamflows
in Ravalli County. A study of August flows in the Clark Fork River at St. Regis from 1929-2015
found that higher spring and summer temperatures and lower summer precipitation were associated
with lower August streamflows (Whitlock et al. 2017). Similar effects would be likely on Bitterroot
River flows. The projected decrease in August streamflows is important due to the high demand for
water in late summer to support agriculture and river recreation.
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Figure 9. Date of peak high water at the Bell Crossing gauge of the Bitterroot River, plotted to show
timing. Dotted line indicates the trend.
Higher summer temperatures and lower streamflows will also contribute to increasing river
temperatures, with potentially catastrophic impacts on some aquatic species and on associated
recreational industries.
Groundwater
In general, groundwater is “recharged” by the infiltration of precipitation and snowmelt through the
soil as well as direct movement of water from surface streams, irrigation canals, and irrigated fields.
The Bitterroot Valley aquifers are recharged by infiltration from the river and streams, subsurface
inflow from bedrock, and precipitation and snowmelt, plus a significant contribution from irrigation
water (Briar and Dutton 2000). The west side of the valley receives about twice the precipitation as the
east side. Also, some east side aquifers are recharged with water from west side streams. These sources
of recharge make the aquifer susceptible to climatic changes. Warmer temperatures and a longer
growing season will increase water lost to the atmosphere through evapotranspiration, which will
reduce streamflow in the Bitterroot River and its tributaries, decreasing recharge of the Bitterroot
aquifer.
While these vulnerabilities are serious, Ravalli County is less vulnerable to climate impacts on its water
supply than other parts of the state that rely more heavily on surface water. Aquifers store water
underground where evaporative loss is minimal and water quality is better protected. This will help to
buffer our water supply from some of the effects of climate change (Whitlock et al., 2017).
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Flooding
Ravalli County’s rivers and streams experience regular flooding as a result of excess water from
snowmelt and rainfall. Flooding can also be caused by ice jams, which are formed when pieces of
floating ice accumulate and obstruct the stream, causing upstream flooding and the potential for flash
flooding downstream when the ice jam gives way.
Ravalli County has had three federal disaster declarations for flooding prior to 2017, in 1996, 1997,
and 2014. Property damage from flooding events in the county between 1969 and 2014 was over $3.4
million. According to FEMA floodplain maps adopted by Ravalli County in 2015, 17.3 percent of
county land area lies within the 100-year flood hazard area, including 266 residences, 7 commercial,
industrial and agricultural buildings, and 0 critical facilities (Ravalli County Pre Disaster Mitigation
Plan, 2017).
The Flood Insurance Risk Map, constructed by the Federal Emergency Management Agency
(FEMA), summarizes flood protection measures that have been implemented in the county to date,
including certified and uncertified levees, dikes, berms, and embankments. Ravalli County generally
requires development within the designated floodplain to have its lowest floors two feet above the
100-year flood elevation. However, FEMA floodplain boundaries and projected 100-year flood
elevations are based on 50- year-old hydrologic and hydraulic analyses, which do not account for the
significant subsequent development that has occurred in the Bitterroot River drainage, much less
climate change projections.
There is considerable uncertainty regarding future flood risk due to climate change, since flood risk
depends in part on specific storm characteristics that are difficult to accurately model (Whitlock et al.
2017). Throughout Montana’s history, rain-on-snow events have caused the most severe and
destructive floods. Some evidence suggests that warm and wet winter storms originating in the Pacific
Ocean (a.k.a “atmospheric rivers”) will become more severe in the future, likely bringing more
rain-on-snow events to Ravalli County (Warner, Mass, and Salathé 2015).
Extreme precipitation events (intense rain) are another common cause of flooding in Montana, and
climate models project a slight increase in the frequency of days with more than 1 inch of rain in
Montana by mid- to late-century (Whitlock et al. 2017). Other studies project even larger increases in
the magnitude of Missoula County’s most intense rain events (Prein et al. 2016).
Drought
Drought is a natural feature of Montana’s climate, but there is considerable uncertainty about the
impacts of climate change on long-term (multi-year) drought. Projections in the northern Rockies and
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Great Plains that focus only on precipitation suggest no increase in long-term drought frequency,
while projections that include more variables such as temperature and evapotranspiration, predict
more droughts in the second half of the century. However, there is widespread agreement that climate
change will result in more severe long-term droughts when and where they do occur (Whitlock et al.
2017).

Land Systems
Summary
Dominant land cover types in Ravalli County include forest and grassland systems. These forest and
grassland systems provide the foundation for several important habitats in the county, and include
parts of two wilderness areas. Forests and grasslands provide crucial ecosystem services to both the
wildlife and people of Ravalli County. For example, forests can act as carbon sinks, help prevent
erosion, and promote biodiversity (United States Forest Service 2016). These lands provide a home or
potential habitat for a number of threatened and endangered species such as the grizzly bear and the
westslope cutthroat trout. The projected changes in temperature, precipitation, and water systems in
Ravalli County, as described above, will have far-reaching impacts on the county’s ecosystems.

Ravalli County Vegetation
Complete descriptions of the various ecological systems in Ravalli County are available from the
Montana Natural Heritage Program’s Map Viewer at h
 ttp://mtnhp.org/MapViewer/.

Forests

Nearly forty percent of Ravalli County is forested. However, the varied topography and climate of
Ravalli County means that these forests are not homogenous. Across the county, there are numerous
subsystems of forest that are adapted to the local climate and terrain. Depending on the environmental
conditions of the area, forests in Ravalli County range from conifer dominated systems composed of
Douglas-fir, ponderosa pine and western larch, to ecosystems that are primarily composed of
Engelmann spruce and subalpine fir (Montana Natural Heritage Program 2017d, [b] 2017). These
forest systems are home to numerous species of wildlife and include prime habitat for several species of
concern, such as the Canada lynx and the grizzly bear, although the County does not currently have
known resident populations of either. Embedded within the forests are riverine and riparian systems,
home to fisheries and rich aquatic life.
Climate change will have both direct and indirect effects on the county’s forests. Direct effects are the
impacts of rising temperatures and changing precipitation patterns on trees and other forest
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vegetation. These effects can be either positive or negative depending on species and on local factors
like soil composition and water and nutrient availability. Overall net effects are likely to be negative,
particularly in water limited areas (Whitlock et al. 2017). However, these direct effects are likely to be
dwarfed by the indirect effects of increased fire risk and increased bark beetle outbreaks, as discussed in
the following sections.

Wildfire

Wildfire is a naturally occurring phenomenon, and many ecosystems rely on fire at regular intervals to
clear the forest floor, kill disease, and allow new plants to establish. Over the last century, the policy of
attempting to suppress all wildfires has resulted in denser forests, which, when they burn, do so much
more intensely and destructively than they would have in the past. At the same time, expansion of the
Wildland-Urban Interface (WUI) and increased development in the WUI have put more people and
structures at risk from wildfire.
The 2006 Community Wildfire Protection Plan for Ravalli County defines the WUI as “the zone
where structures or other human development meet to intermingle with undeveloped wildland or
vegetative fuels. The width of the zone is determined on a site-specific basis to protect values at risk
from wildland fire.” Seventy-one square miles of the County comprise the WUI (Figure 10), with 18%
of that area containing homes. In fact, over 11% of homes are in the WUI. At-Risk Ravalli County
communities include: Florence, Stevensville, Victor, Pinesdale, Corvallis, Hamilton, Darby, West
Fork, and Sula.
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Figure 10. Wildland Urban Interface in Ravalli County
Ravalli County is ranked in the 80th percentile among all counties in the western U.S. for wildfire risk
to homes, based on the amount of existing development in the WUI. The county is ranked in the 75th
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percentile for “potential risk” reflecting the large amount of undeveloped, forested private land
bordering fire-prone public lands (Headwaters Economics 2018).
Between 1986 and 2016, 106 wildfires larger than 100 acres burned much in the Bitterroot National
Forest, much of which is in Ravalli County (Figure 11), with the years 2000, 2013, and 2016 notable
for fire severity. These fires burned 489,000 acres of the Forest, and cost over $172 million to fight.

Figure 11. Bitterroot National Forest – Fire History Polygons 1985 to 2018
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An increase in the frequency and severity of wildfires is expected in the coming decades, as a result
of both climate change and increased forest density due to the past century of fire suppression
(Whitlock et al. 2017). Historically, fire frequency and acreage burned are directly associated with
increases in summer temperatures and decreases in summer precipitation (Holden et al. 2018;
Whitlock et al. 2017). As Ravalli County’s climate warms and as summers become drier, wildfires are
likely to increase in size and frequency and the fire season is likely to become longer.
This increase in the size and frequency of wildfires is expected not just in Ravalli County, but across
the western U.S. and Canada (Abatzoglou and Williams 2016). This is important to county residents
and visitors because wildfire smoke travels to Ravalli County from fires burning as far away as
California and British Columbia. Wildfire smoke is a significant public health concern in Ravalli
County.

Bark Beetles

Almost every conifer in Ravalli County, with the exception of larch, has an aggressive bark beetle
species that attacks it. When periods are favorable, these beetles can increase in number and kill
substantial numbers of trees. In recent decades, warmer temperatures caused by climate change have
allowed native mountain pine beetle populations to proliferate across the west in lodgepole pine in
what became the largest outbreak ever recorded, by a factor of ten (Meddens, Hicke, and Ferguson
2012). Warming temperatures also allowed the beetle to move up in elevation, killing over 1.5 million
acres of whitebark pine and contributing to the recommendation of listing it as an endangered species
(Buotte et al. 2017). In recent years forest mortality as a result of the mountain pine beetle has
declined, but other bark beetle populations are increasing: western pine beetle in ponderosa pine, fir
engraver in grand fir, and Douglas-fir beetle in Douglas-fir. Beetle increases are directly tied to
warming temperatures and increasing stress on trees (Six 2018). It is projected that increases in winter
temperatures will lead to more frequent and severe outbreaks of mountain pine beetle and other bark
beetle species (Millar, Stephenson, and Stephens 2007; Meddens, Hicke, and Ferguson 2012; Buotte et
al. 2016, 2017). If continued large-scale bark beetle outbreaks occur, this, along with reduced
regeneration due to climate change, is projected to lead to a substantial decline in the area covered by
forest in Ravalli County and Montana as a whole (Union of Concerned Scientists 2014).

Grasslands

Grassland ecosystems cover 18% of Ravalli County (Montana Natural Heritage Program 2017c).
Grassland ecosystems are particularly vulnerable to invasive species. In some areas, invasives such as
leafy spurge and spotted knapweed have completely taken over and forced out the native grasses
(Montana Natural Heritage Program 2017c). Cheatgrass is found in many grasslands and shrublands
of Ravalli County, and is likely to continue to spread. Besides competing with native and beneficial
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grasses and shrubs, cheatgrass poses a significant fire hazard, as it matures and cures earlier than those
native plants (http://fieldguide.mt.gov/speciesDetail.aspx?elcode=PMPOA151H0 ). As temperatures
and CO2 levels rise as a result of climate change, these invasive species may become more dominant
and pose an even greater threat to Ravalli County’s grasslands (Whitlock et al. 2017).

Riparian and Wetland Areas

Riparian and wetland areas provide habitat for a diverse array of flora and fauna and are particularly
important for Montana's native birds. Riparian corridors can span climatic gradients and could allow
for connectivity and movement required for climate-induced range shifts. These natural areas can be
extremely valuable within heavily modified landscapes like city centers (e.g., the Bitterroot River and
riparian area within and adjacent to the City of Hamilton). Forested riparian areas are cooler and more
humid than immediately surrounding areas, providing refugia as temperatures warm (Krosby et al.
2014). Wetland areas near riparian corridors or in forested systems support a diverse taxa and provide
resiliency against drought; unfortunately, these areas are often the most sensitive to higher
temperatures. Blueweed is a Ravalli County Priority Weed that thrives in dry conditions and is
spreading in the Bitterroot River corridor. Although currently targeted for control, the likelihood of
success may decrease as the weed spreads (Ravalli County Weed District;
https://ravalli.us/229/Blueweed).

Alpine Systems

Although accounting for just 1% of the land cover of Ravalli County, alpine systems, including high
elevation meadows and barren lands, are important environments. This area is above the "treeline" -the elevation at which cold temperatures and long-lasting snowpack stop trees from growing -- and it
provides habitat for unique species of plants and animals. As temperatures warm and snowpack
decreases, trees are able to grow at higher altitudes, causing alpine systems to shrink or disappear. As
this habitat vanishes, species dependent upon it, like hoary marmot and pika, are threatened.
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Ravalli County Important Lands
Ravalli County contains parts of the Anaconda-Pintler Wilderness and Selway-Bitterroot Wilderness.
These wilderness areas can play key roles in protecting the County’s natural systems from climate
change because they are remote areas where natural processes can take place without human
disturbance (Rasker, 2011). However, the lack of human involvement in wilderness areas has also
allowed some invasive species to thrive in Montana’s wilderness (Tempel, Cilimburg, and Wright
2004). As climate change facilitates the migration of invasive plant and animal species into these
remote areas, it is possible that they will begin to disturb these once pristine systems.
Historically, wilderness areas have been thought of as places where natural processes should be left to
their own devices without any human intervention (Stephenson and Millar 2014). However, as
climate change drives shifts in plant and animal populations, the wilderness areas of Ravalli County
may become fundamentally different places than they have been in the past. Stephenson and Millar
suggest that as the effects of climate change on wilderness areas intensify, we have four options:
restraint (leave some places alone), resilience (enhance ecosystem’s ability to absorb a stress without
shifting into an entirely new state, such as from forest to meadow), resistance (near-term actions that
buy time), and realignment (long-term adaptation, often including facilitated actions like assisted
migration). Resiliency actions might include controlling selected non-native invasive species or
thinning forests. Regardless of which option is chosen, climate change will undoubtedly alter the
wilderness areas of Ravalli County.
In addition to these wilderness areas, there are many other locations within Ravalli County that
wildlife and natural systems depend on. Some areas are key corridors that link large protected areas
crucial for species movement (Belote et al 2016). In the 2015 Montana Wildlife Action Plan, two areas
within Ravalli County were cited as key habitats for wildlife.
The Bitterroot portion of the Bitterroot-Clark Fork Riparian Corridor is a critical area for Ravalli
County’s wildlife. The corridor is a key breeding habitat for a number of Montana’s bird species
including some species of concern such as the Great Blue Heron. Additionally, the corridor serves as a
migration path for migrant species of birds (Montana Fish, Wildlife and Parks 2015). The Bitterroot
River riparian zone is an Audubon designated “Important Bird Area” (National Audubon Society
n.d.), hosting significant populations of Lewis’s woodpeckers, a Species of Greatest Conservation
Need, and red-naped sapsuckers. Although not part of the riparian zone, the area burned in the
Blodgett Fire (year 2000) is also considered an Important Bird Area of State-wide significance, as it
provides habitat for woodpeckers and olive-sided flycatchers that depend on burned trees.
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In addition to these crucial bird and mammal habitats, riparian areas also play an important role for
the wildlife of Ravalli County. Although riparian areas only comprise 7.6% of the County’s total land
cover, much of the wildlife in Ravalli County depend on these riparian habitats. One such habitat is
the upper reaches of the Bitterroot basin, composed of the areas surrounding the East and West Forks
of the Bitterroot, in the southern portion of the county. These areas provide key habitat for bull trout,
a threatened species, and westslope cutthroat trout and western pearlshell, two species of concern
(Montana Fish, Wildlife and Parks 2015; Montana Natural Heritage Program and Montana Fish,
Wildlife and Parks, n.d.).
Because of their unique locations, riparian systems, and vegetation cover, these regions provide
countless species with a niche habitat that can be found nowhere else in the county. Unfortunately,
the 2015 Montana Wildlife Action Plan projects that all of these areas could be adversely affected by
climate change and human development in the coming century. Specifically, logging operations,
housing development, and increased temperatures as a result of climate change all have the potential to
fragment plant and animal habitats, reduce biodiversity of native plant species, and facilitate the spread
of invasive species (Montana Fish Wildlife and Parks, n.d.; Ortega and Pearson 2013; Williams et al.
2007).

Important Species of Climate Concern
Ravalli County is home to countless plant and animal species, of which 94 animals and 66 plants are
listed as Species of Concern (SOC) by the Montana Natural Heritage Program and Montana Fish,
Wildlife and Parks. In Montana, SOC are defined as “native Montana animals or plants that are
considered ‘at risk’ due to declining population trends, threats to their habitats, and/or restricted
distribution” (Montana Natural Heritage Program, 2016).
No comprehensive statewide evaluation has been done of the impacts of climate change on Species of
Concern or other plants and animals. However, NatureServe provides a climate change vulnerability
index that can be filtered for species of interest (NatureServe n.d.); and the National Audubon Society
provides robust data and reporting on birds and climate change (National Audubon Society 2015).
While climate change is likely to affect many animal species in Ravalli County, the county contains
prime habitat for two mammal species listed as threatened under the Endangered Species Act and
likely to be particularly vulnerable to climate change: the grizzly bear and the Canada lynx. These
animals are present in neighboring Missoula County, and grizzly bears do pass through Ravalli County
and may establish breeding populations here in the future. The wolverine is a known resident of the
county, has decreasing numbers, and has been designated a Species of Greatest Conservation Need
(Montana FWP, 2015), although it has yet to be listed as threatened under the Endangered Species
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Act. We also highlight two native fish species negatively impacted by warmer water temperatures:
westslope cutthroat trout and bull trout.
The Grizzly bear is perhaps one of the most iconic species of Montana. Grizzly bears can routinely be
found near Ravalli County in the Mission Mountain Wilderness, the Bob Marshall Wilderness, and
the Flathead Reservation (Montana Natural Heritage Program 2016, 2018). The County is part of the
historic range of the grizzly bear and contains prime habitat. No established populations of grizzlies
have been documented in the County, but regular sightings of bears (including one trapped on the
Whitetail Golf Course near Stevensville) indicate that grizzlies are attempting to expand into the area.
While increased temperatures don’t pose a direct threat to the grizzly bear, they do have a number of
indirect consequences for bear populations. For example, rising temperatures have allowed mountain
pine beetle populations to increase significantly, which has led to increased whitebark pine mortality,
reducing the availability of whitebark pine nuts which are an important food source for grizzly bears
(Whitlock et al. 2017; Costello et al. 2015). While not all grizzly bear experts concur, Costello et al.
found in their 2015 study that some grizzlies have adapted to decreased whitebark pine nut availability
by finding alternative food sources.
Wolverines are the largest members of the Weasel family and live in remote, mountainous areas.
Although fewer than 300 survive in the lower 48 United States, the animals are not protected under
the Endangered Species Act, despite having been proposed for such protection. Wolverines resident in
Ravalli County have been well-documented, due to a collaboration between the US Forest Service and
Defenders of Wildlife, who harnessed the energy of volunteers to collect photos and hair from
numerous stations in the Bitterroot National Forest. These animals are likely to be severely impacted
by climate change as they depend on remote, snowy terrain for breeding, denning, and winter range.
Their populations are low and fragmented, and future higher summer temperatures may exceed the
range tolerated by wolverines (Peacock, 2011).
The westslope cutthroat trout (WCTT) is native to Ravalli County and is classified as Montana’s state
fish (Montana Natural Heritage Program and Montana Fish, Wildlife and Parks, n.d.). Climate change
affects the WCTT population in three primary ways: by increasing water temperatures, increasing the
frequency of winter flooding of WCTT habitat, and increasing the frequency of wildfires, which
degrade WCTT habitat (Williams et al. 2009). In the Bitterroot River Basin, increased water
temperatures and fire frequency are projected to have relatively little impact on the WCTT population
in the near future. Winter flooding caused by warming winter temperatures, on the other hand, is
projected to have a significant impact on WCTT populations (Williams et al. 2007). Additionally,
invasive fish species have led to a decrease in WCTT populations. Some non-native fish are able to
outcompete WCTT for food and force a decline in their population. Land managers suggest
decreasing habitat fragmentation of the WCTT and removing non-native species from WCTT
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habitats to preserve their dwindling population (Williams et al. 2007; Montana Natural Heritage
Program and Montana Fish, Wildlife and Parks, n.d.).
The bull trout is another iconic fish species of Ravalli County that is affected by climate change. The
bull trout requires cold water for spawning and survival (Montana Fish Wildlife and Parks, n.d.). As
climate change leads to generally warmer river temperatures, this means that the bull trout will need to
either adapt to warmer temperatures or move upstream to cooler water, shrinking the size of its
habitat. Climate change compounds other issues that affect bull trout populations, including land use
changes, invasive species, and dams in bull trout habitat. Insertion of dams into bull trout habitat can
lead to habitat fragmentation and increased sedimentation in spawning grounds. Increased
sedimentation can prevent bull trout eggs from hatching and block the small nooks and crannies that
newly hatched bull trout rely on to hide from predators while they are young (Montana Fish Wildlife
and Parks, n.d.). The East and West Forks of the Bitterroot River, which are the high elevation
headwaters, will become increasingly important bull trout and WCTT habitat as the mainstem river
continues to warm.

Invasive Species
Ravalli County is home to a wide variety of invasive and non-native species. These include plant,
invertebrate and vertebrate species impacting both terrestrial and aquatic systems. While current
infestations are limited to mostly terrestrial and aquatic invasive plant species, there are a variety of
other invasive species that have the potential to spread and further impact the county. The total
damage and control costs of invasive species for the country is estimated at about $120 billion annually
(Pimentel 2005).
Terrestrial invasive plants such as leafy spurge and spotted knapweed, along with annual grasses such
as cheatgrass and ventenata, are the most widespread and established invasive species impacting Ravalli
County. Cheatgrass infests over 100 million acres in the Western U.S., and spotted knapweed is
estimated to infest 2-5 million acres in Montana alone (Duncan et al. 2017). Terrestrial invasive plant
species thrive in areas that have been recently disturbed. As climate change leads to increased rates of
forest fire and as humans continue to develop and disturb natural landscapes, these species will
continue to thrive and expand (Rasker 2011a; Whitlock et al. 2017). Prevention, survey and
monitoring efforts, as well as managing diverse plant communities, can help curtail their spread, and
local wilderness areas may serve as key locations, due to their greater resilience to the spread of these
species.
While not currently found in Ravalli County (or anywhere in the Columbia River Basin), aquatic
invasive species such as zebra and quagga mussels can cause significant economic and environmental
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damage due to their ability to rapidly reproduce and attach themselves to any hard substrate in a
waterbody. They remove nutrients, collapse entire food webs, reduce fish populations and devastate
fisheries. Recreational boaters experience significant equipment damage, and they rapidly clog
hydroelectric facilities, freshwater aqueducts, municipal and irrigation water systems and other water
infrastructure. Once established, there is no effective method to eradicate them. The Pacific
NorthWest Economic Region estimates that zebra and quagga mussels could cost the Columbia River
Basin more than $500 million annually.
Invasive forest pests such as the emerald ash borer pose a serious threat to both native and urban
forests, causing ecological damage to private and public lands and economic impacts to private
landowners, municipalities, and nursery and forest product industries. While not yet found in
Montana, the emerald ash borer has spread rapidly into neighboring states and provinces.

Ecological Processes
Warming temperatures have the potential to alter basic phenological processes resulting in mismatches
between mutualistic partners or predator/prey relationships. For example, this might include:
●
Mismatched timing of host plant flowering and pollinator activity resulting in lack of
pollination or reduced food availability;
●
Early plant growth outside of optimal windows for foraging;
●
Camouflage mismatch: snowshoe hares or white-tailed ptarmigan out of sync with winter
snowpack;
●
Insect abundance out of sync with insectivorous bird breeding cycles; and,
●
Drought, floods, extreme weather, and heat affecting health, reproductive success, disease, and
mortality in animals and plants just as they do in humans.

Effects of Climate Change on the Ravalli County Economy
The climate models predict a 1.5-5-degree (F) increase by mid-century. This generally means hotter
summers, longer growing seasons, earlier snow runoff and warmer winters. The climate model
predictions for precipitation are less robust but generally call for an increase of 3-6% in precipitation,
which will not be uniform. Winters are expected to get wetter and summers drier. The prediction is
for more rain in the winter, even at high altitude, where the precipitation would typically fall as snow.
Extreme weather events are also part of the predictions, including blizzards, windstorms, and rain
events. (Environment Montana, 2020)
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Agriculture
The life blood of agriculture is water, and competition for the use of water from valley streams and the
Bitterroot River is expected to increase if there is a substantial decrease in runoff from rain and
snowpack. Whether climate change will decrease the amount of water available is not known, but it is
already decreasing the timing of this availability, which is critical in the Bitterroot Valley, with its short
growing season. Statewide, winter snowpack has decreased by over 60% in the last 50 years and, on
average, the snow is melting 10-15 days earlier. (Montana Farmers Union, 2015). However, much
water is inefficiently used in the Bitterroot and historical practices such as flood irrigation are still
common. Researchers at the University of Montana ( Hydro-Economics of Agricultural Production)
make the case that most crops in the valleys of western Montana, from alfalfa/hay to wheat and barley,
are grown under irrigation and there will likely still be enough water, especially considering the
potential for increased irrigation efficiency. The small farms and ranches that dot the valley also will
likely adapt to less water, taking advantage of long-existing technology such as drip irrigation. One
down side of more efficient irrigation is reduced recharge of groundwater from surface irrigation.
Increasing water storage either in high mountain reservoirs or by slowing runoff with wetland
enhancement (perhaps by encouraging beavers) can also help mitigate altered precipitation amounts or
patterns. The effects of increased disease and insect damage are harder to estimate, but these are
challenges that farmers face every year and local agriculturalists are already experiencing pest pressure
that is normally associated with warmer and wetter climates. A big challenge for farmers and ranchers
in the Bitterroot Valley will be the increase in extreme and unpredictable weather. Abnormal frost
timing or extended periods of cold and wet or hot and dry weather, can and will have very real impacts
on production and profits.

Recreation and Tourism
Population growth fueled by the attraction to Montana’s natural amenities is the primary driver of
economic growth in the Bitterroot and is the one most impacted by climate change. In a 2015 report
prepared by Power Consulting Incorporated, the authors identified 6 components of Montana
tourism and recreation activity: Glacier and Yellowstone National Park visitation, wildlife viewing,
hunting, fishing, skiing and snowboarding, and snowmobiling. (Power, 2015) Though not on one of
the main routes to the National Parks, the volume of visitors in the summer to the Bitterroot Valley is
definitely affected by the draw of the Parks. Increased fire activity, and the smoke associated with it,
will lead to more frequent Park closures. Power estimates that visitation to these Montana National
Parks will decline by a third, with attendant loss of 3,300 jobs and $94 million in labor earnings,
annually statewide. Smoke and fire associated with climate change and wildfire will also discourage
wildlife watching and sight-seeing activities in Montana leading to a 25 percent decline and a
State-wide loss of 2,800 jobs and $61 million in labor earnings.
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The warming and drying trend predicted by climate models will negatively affect Fall hunting. Big
game will be more difficult to access as the higher elevations remain free of snow. Milder springs could
cause game populations to spike, exceeding the sustainable carrying capacity of the habitat. This will
lead to big game congregating on farms and ranchlands, increasing the spread of disease amongst the
game population and damaging crops and pasture. Power projects big game hunting will decline by
about 15 percent by the middle of the century, costing 1,600 jobs and $39 million in labor earnings
statewide.
Less snowpack, combined with earlier snowmelt, causing lower and warmer water in the spring and
summer will lead to heat stress and fishing restrictions. This will also benefit invasive fish species that
crowd out and interbreed with native Montana fish with the loss of popular native species and
fisheries. These impacts will lead to a projected one-third decline in angling days and economic losses
of 1,800 jobs and $49 million in labor earnings Statewide.
The ski, snowboard and snowmobile industries in the Bitterroot depend on abundant, high quality
snow. Increased winter precipitation falling as rain will lessen coverage, especially in lower elevations,
and decrease the number of days when snow recreation is even possible, because of degraded snow
conditions. Power projects that the number of skiable days will decline by a third, with the attendant
loss of 1,500 jobs and $37 million in labor earnings Statewide.
With almost 17% of employment dependent on tourism in Ravalli County, the size of these estimated
statewide economic impacts will have a significant negative impact on the local economy.

Property Values
Wildfire is a threat to homes in the Wildland Urban Interface (WUI) that extends on both sides of the
Bitterroot Valley for 90 miles (Figure 10). Headwaters Economics estimates that between 1990 and
2016, more than 90 percent of homes built were at "high wildfire hazard'' (Headwaters, 2018). The
County's 6,987 houses built in high hazard areas in that 26-year period is more than in all other
western Montana counties combined. Power uses a geometric probability function to estimate the
probability of losing a house to wildfire within the next 35 years. They estimate annual losses will
average 227 homes in Montana per year or $53 million (all in 2014 constant dollars). The full
economic impact of wildfires should include increased costs for firefighting (Montana’s share) and lost
revenue in construction and home sales due to decreased in-migration. Together, they estimate an
annual loss for the State of Montana of $858 million and annual reduction of 1,700 jobs. Ravalli is the
county most vulnerable to these losses, due to its high number of homes in the WUI.

Appropriate Economic Development
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One could make the argument that the disruptions to natural amenities in the rest of the country,
along with the dislocations that are presently creating climate refugees (caused by a 4-5-degree (F) rise
in temperatures) might make Montana a relatively attractive place to live (see Hsiang et al., 2017, for
modeling demonstrating that Ravalli County is likely to be spared, at least for awhile, many of the
more severe impacts of climate change). Even with a degraded ecosystem and landscape, Montana still
might provide recreational activities superior to what many are leaving behind, continuing to act as a
magnet for in-migration. After all, disaster relief expenses are income to another part of the economy,
as are higher healthcare costs caused by smoke. This raises the question about the desirability of an
economy based on dividing land and building houses. This trend definitely contributes to the
accumulation of larger amounts of greenhouse gases in the atmosphere as well as habitat destruction.
It also begs the question of whether we are measuring economic development the wrong way.
According to the Intergovernmental Panel on Climate Change, we must eliminate fossil fuel
consumption almost entirely within 30 years. This makes the case for a focus on the quality of
economic development rather than increases in aggregate demand and income. A transition to more
renewable energy, regenerative agriculture, and sensible land use planning can produce good paying
jobs for local people. This will be a primary challenge for true economic resiliency in the Bitterroot
Valley because, in the end, the most important concern for individual residents is quality of life.

Human Health
Climate change is affecting human health across the globe, and Hamilton and Ravalli County are not
exceptions. Higher temperatures and heat waves, poor air quality from wildfire smoke, and extreme
events like flooding and drought will increasingly contribute to health problems including
cardiovascular and respiratory disease, heat-related illness, water- and vector-borne disease, and mental
health issues. Certain populations within the Bitterroot Valley are more vulnerable to these health
problems, including pregnant women, infants and children, older adults, people with existing
respiratory or cardiovascular diseases, outdoor workers, and people of low socioeconomic status. It’s
worth noting that non-humans, from our pets to our wildlife, may also be affected by some of these
health problems.
The overall health of Montanans is presented in the state’s health profile. Montana is largely a rural
state, and although City of Hamilton citizens live close to health care services, the remainder of Ravalli
County residents live longer distances from Hamilton’s medical resources and long distances from
specialty services. Ravalli County is considered a rural county. The City of Hamilton is the hub of
Ravalli County where many residents work and shop, as well as utilize city services. Hamilton and
Ravalli County are experiencing a surge of population growth, which will stress all resources including
healthcare. Montana ranks higher than the national average in percentage of people who are over 65,
housed in mobile homes (a risk factor for climate and heat-related illnesses), without health insurance,
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or with disabilities ( Headwaters Economics 2019). Much of the Bitterroot’s population lives in or
near the WUI, increasing the proximity to wildfire threats. In 2010, 64.1% of Montana homes were
located in the WUI (Martinuzzi et al. 2015) the second highest percentage of all western states behind
Wyoming. Much of the Bitterroot workforce has outdoors employment increasing the health hazards
of heat, wildfires and smoke.
Hamilton residents are connected to city water and sewer, but many Ravalli County residents have
wells and septic systems. Ravalli County has more than 13,000 septic systems in its 2814 square-mile
watershed. More than 10,000 of these were installed prior to 1972 when permitting for waste water
treatment began in Ravalli County. As a result, there are many substandard septic systems, allowing
bacteria laden effluent to leach directly into ground water and threaten the drinking water supply
(ravalli.us). Waste water treatment can also be affected by climate change with extreme precipitation
events, spring run-off and flooding. Significant groundwater variations due to flooding or drought
have the potential to adversely affect wells and septic systems.

Health Services
Marcus Daly Memorial Hospital (MDMH) is a privately-owned hospital with 24 acute beds located in
Hamilton, Montana. MDMH has primary care health clinics in Hamilton, Darby, Victor and
Corvallis, as well as a convenient care walk-in facility in Hamilton. Sapphire Community Clinic is a
federally-qualified health center that provides health care on a sliding fee scale, is located in Hamilton,
and is open to everyone.
In 2019, 14.2% of Ravalli County residents were without health insurance compared to the national
median of 10.6% (census.gov).
The following are key messages from Climate Change and Human Health in Montana (Adams et al.
2020) :
● Increased summer temperatures and wildfire occurrence will worsen heat- and smoke-related
health problems, most notably asthma and cardiovascular illnesses.
● Early snowmelt, remarkable precipitation events, and possible increases in floods will lead to
increased gastrointestinal diseases due to the contamination of water supplies, as well as
potential increases in food and vector-borne diseases. Mold contamination in homes and
other buildings could cause increases in allergies and asthma.
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● Late summer drought could affect food supply and food security. Drought will also challenge
availability and safety of public water supplies, especially for individuals and communities
reliant on surface water.
● Extreme weather, higher temperatures, late summer drought and earlier spring melt will cause
uncertainty of livelihood in agriculture, forestry and tourism sectors.
● Climate change contributes to rapid emergence of new infectious diseases, such as
SARS-CoV2 (COVID-19), which can affect Montanans even though the disease may
originate elsewhere. The combination of increased wildfire smoke and diseases like
COVID-19, which has a strong respiratory component, is even more troublesome. According
to the CDC, wildfire smoke, which irritates the lungs, compromises the cardiovascular system
and adversely affects the immune system, will make the population more prone to lung
infections, including COVID-19 and similar diseases. Inflammation from wildfire smoke can
last weeks to even years (https://www.mdpi.com/2305-6304/8/3/53).

The following sections summarize the projected human health impacts associated with climate change
in the county.

Air Quality
As Montana’s climate warms and summers become drier, wildfires are likely to increase in frequency
and intensity over the course of the coming decades. More wildfires in Montana, as well as western
states and Canada, and a longer wildfire season, mean more days of unhealthy air quality for Ravalli
County residents. Most of our residents live in mountain valleys where the topography increases
residents’ exposure to harmful pollution. In mountainous areas, cold air flows downhill and pools in
valley floors every night, creating a temperature inversion that traps air pollutants near ground level in
a layer of cold air until the cold air warms up. This becomes particularly problematic when nearby fires
send intense amounts of smoke into the mountain valleys - trapped smoke can quickly create
unhealthy conditions that last for hours or days. Since the 1970s, the US fire season has lengthened
from 5 to over 7 months/yr with parts of the country now experiencing wildfires all year long.
Warmer/hotter summers with dry vegetation and increased fuels allow fires to ignite and spread more
intensely.
Researchers (Liu et al. 2016) have created a metric called “Fire Smoke Risk Index” based on a
combination of the number, intensity, and length of smoky periods per year. Figure 12 shows the Fire
Smoke Risk Index by county in the western US in the recent past (panel a) and projected for
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midcentury (panel b). The Fire Smoke Risk Index in Ravalli County is projected to increase from
Level 4 to Level 5 (the highest risk) during that time period, meaning more frequent and longer
periods of poor air quality. Smoke events in the western US from 2004-2009 were associated with a
7.2% increase in respiratory hospital admissions among adults over 65 years of age (Liu et al. 2017).

Figure 12 . Fire Smoke Risk Index during fire seasons (May-October). Panel (a) is for present day
(2004-2009) and panel (b) is for future (2046-2051) under climate change. Figure from Liu et al.
(2016).
Studies have found strong associations between exposure to wildfire smoke and worsening of
respiratory diseases and cardiovascular problems (Reid et al. 2016). Infants and children, older adults,
people with existing respiratory or cardiovascular diseases, and outdoor workers are particularly
vulnerable to wildfire smoke. Children are especially vulnerable, because their lungs are still developing
and because they breathe more air per pound of body weight than adults do.
Particulate matter from wildfires traps heat, reduces visibility and creates dangerous air quality
conditions. The National Ambient Air Quality Standard for PM2.5 (particulate matter 2.5 microns
in diameter and smaller) is 35 micrograms per cubic meter of air (µg/m3), averaged over a 24-hour
period. The U.S. EPA considers PM2.5 levels above 35 µg/m3 averaged over 24 hours to be unhealthy
for sensitive groups, and levels above 250 µg/m3 to be hazardous to human health. Deleterious health
effects associated with PM 2.5 include cardiovascular, respiratory, immunological issues, and
neurological issues, particularly dementia (Peters et al. 2019). PM2.5 can cross the blood-brain barrier,
that is, they can move into the brain itself. PM2.5 can also cross the placenta in pregnant women
(Bove et al. 2019) In addition to PM 2.5, wildfire smoke contains other hazardous components
including carcinogens, polyaromatic hydrocarbons, carbon monoxide, nitrous oxide, aldehydes, and
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benzene. Wildfires are estimated to contribute about 18% of total atmospheric particulate-matter
emissions in the United States from 2004-2009 (Liu et al. 2015) and are projected to become the
primary driver of summertime particulate-matter concentrations in the western US.
In 2000, Hamilton’s worst wildfire smoke season on record, residents experienced 20 days of
hazardous air quality with high PM 2.5 levels. In northwestern Montana, the number of days with
extreme fire danger is projected to increase by 10 days mid-century. More days of extreme fire danger
will likely result in more areas burned each year, with concomitant increased smoke and particulate
matter.
Pollen counts in the United States are increasing and are projected to double by 2040, due to warming
temperatures with extended growing seasons and higher carbon dioxide levels (Ziska and Caulfield
2000). Besides worsening seasonal allergies, these pollen increases can trigger and worsen asthma
attacks. Asthma affects 6.8% of Montana children and 9.1% of adult Montanans. (MTDPHHS 2013).

Temperature and Extreme Heat
The Bitterroot Valley is getting hotter. Currently, Ravalli County experiences 8 extreme heat days
annually, higher than the state average of 6.6 days. By midcentury, the county is projected to
experience 12-20 more hot days (maximum temperature greater than 90 degrees Fahrenheit) per year,
and average summer temperatures are projected to increase by 4-6 degrees. Higher summer
temperatures and more days of extreme heat increase the risk of heat-related illness. Given the state’s
northerly location, Montana residents have not lived through the summer heat experienced in other
regions, but this situation will likely change in the future.
Young children, older adults, people with chronic diseases, people who work outdoors, and people
without access to cool areas, fans, or air conditioning are at the greatest risk of heat-related illness and
dehydration. The City of Hamilton and Ravalli County have a large population of outdoor workers,
in ranching and agriculture, forestry, construction, fishing and other tourism arenas, as well as many
and varied outdoor recreation enthusiasts. School sports often begin training during late summer and
early autumn, time periods that are usually very hot and often during fire season. Montana industries
reported 303 cases of heat-related illnesses during the decade between 2008-2018. Workers in
agriculture, forestry, fishing and the hunting industry had the highest rate of heat-related illnesses with
27 cases per 10,000 employees. Most of the heat-related illnesses occurred during the summer monthsJune-August (Montana Department of Labor and Industry).
Warming temperatures will influence the distribution of weeds, pathogens and insect pests, while also
allowing the introduction of new pests in Montana (Whitlock et al. 2017). These changes may alter
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the types and amounts of pesticides used, potentially affecting the health of agricultural and Forest
Service workers and others. These insect pests can also lead to more tree kill in the forest, creating
additional fuel for forest fires
(https://www.fs.fed.us/psw/publications/documents/psw_gtr225/psw_gtr225.pdf ).

The combination of heat and wildfire smoke is particularly challenging. During wildfire season, air
quality is often worse at night due to temperature inversions, meaning that residents without air
conditioning must choose between opening their windows at night to sleep in cool (but smoky) air, or
leaving their windows shut and sleeping in the accumulated heat from the day.
Longer, warmer summers are also likely to result in Bitterroot Valley residents spending more time
outdoors, increasing the risk of skin cancer. Montana already has a higher than the national average
rate of skin cancers (Farr 2018).

Waterborne Disease
Temperature, heavy rainfall (a shift from snow to rain in early spring), and flooding are expected to
increase with climate change, creating a more suitable environment for many pathogens. Peak runoff
in Montana now occurs 10-20 days earlier than in 1948, and by the end of the century the date of peak
runoff is projected to occur 5-35 days earlier than during the 1951-1980 period (Whitlock et al. 2017).
Pathogens that cause diarrhea are of particular concern given that diarrhea is the second leading cause
of death among young children worldwide. In a critical review of 141 studies, researchers found
positive relationships between diarrheal disease and temperature, heavy rainfall, and flooding in both
developed and developing countries, including the United States (Levy et al. 2016). Water treatment
systems, flood-ready infrastructure, and sanitation behavior all influence the risk of diarrheal disease as
well.
Harmful algal blooms are another source of waterborne disease. Cyanotoxins are a byproduct of
cyanobacteria, which thrive in warmer water and are likely to become more prevalent as temperatures
rise. Cyanotoxins can be toxic to the human nervous system, liver, and skin, and can kill fish,
mammals, and birds. EPA sampling in 2007 found that 10 of 45 lakes sampled in Montana are at high
risk of exposure to cyanotoxins based on cyanobacterial cell count (United States Environmental
Protection Agency 2018). These hazardous algal blooms are becoming more common in Montana
(https://dphhs.mt.gov/publichealth/epidemiology/hab), and, in addition to adversely affecting
human health, they can impair municipal water supplies, interfere with recreational activities, and
cause economic distress such as declining tourism.
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Too much and too little streamflow both pose human health hazards. Flooding increases the risk of
the growth of mold, a known allergen and environmental stressor. Reduced streamflow in late summer
has led to high temperatures in some waterways, stressing the region’s water supplies and ecosystems.
Reduced late-season water availability threatens irrigation and community water sources. In addition,
reduced water levels and higher water temperatures pose many challenges to fish and other aquatic
species with the potential to decrease tourism and fishing as seen in the Yellowstone River in 2016..

Vector-borne Disease
Vector-borne diseases are transmitted to humans by arthropods such as ticks, fleas and mosquitos. In
Montana, tick-borne diseases include Rocky Mountain spotted fever, tick-borne relapsing fever,
Colorado tick fever, and tularemia. West Nile virus is the only mosquito-borne illness that has been
diagnosed as locally-acquired in Montana (Farr 2018). While these diseases remain relatively rare in
Montana, their incidence may increase with increasing temperatures. In addition, other vector-borne
diseases such as Lyme disease, malaria, Zika virus, and dengue fever are likely to expand to previously
unaffected areas as a result of climate change. Climate change is expected to increase the range of
vectors, primarily ticks and mosquitoes, in the US (Beard et al. 2016 and Sonenshine 2018). In 2018,
Rosenberg e t al. found a tripling of vector-borne diseases in the US between 2004-2016. Although
vector-borne disease cycles are very complex, concern about some contribution of climate change to
these increases is reasonable. For example, for certain mosquitoes, warmer temperatures boost the rate
of reproduction and feeding, and lengthen the breeding season (Patz et al. 1996; Epstein et al. 1998;
Epstein 2005). West Nile virus, which is mosquito-transmitted, is projected to increase with climate
change (Paz 2015). Montana had no cases of West Nile virus until 2002. By 2018, the Montana
Department of Public health and Human Services reported 51 cases across 18 counties. Data from
2019 indicates 1 case in Ravalli County. These vector-borne diseases would not only adversely affect
human health, but many also impact domestic and wild animals.
Another potential impact of climate change on arthropods is declines in beneficial insects and spiders.
Native pollinators and honeybees have been struggling in recent times, in part because of human
expansion into natural areas, but also in response to decreasing habitat as a consequence of global
warming.

Flooding and Drought
Many of the health impacts discussed above are associated with increased flooding or drought; for
example, poor air quality is associated with wildfires that are more likely during periods of drought,
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and water- and vector-borne diseases are exacerbated by flooding. Floods and droughts also have direct
health impacts. The health risks of floods include drowning and injury, in addition to illness associated
with contaminated water. Floods often disproportionately affect people of lower socioeconomic
status.
There are also widespread health risks that stem from drought, and in any given community these
impacts may vary. Reduced air quality, compromised food and nutrition, water-related disease,
airborne and dust-related disease, vector-borne disease, and mental health impacts can all emerge from
or be exacerbated by drought (Stanke et al. 2013).

Mental Health
Climate change is projected to increase the frequency of extreme weather events and natural disasters.
According to the American Public Health Association, 25-50 percent of people exposed to an extreme
weather event are at risk of adverse mental health effects such as anxiety, depression, post-traumatic
stress disorder (PTSD), substance abuse and suicide. Additional health impacts include diminished
cognitive function (Laurent et al. 2018), increased violence (Clayton et al. 2017), and increased
interpersonal aggressions, most notably domestic violence, abuse and rape (Hsiang et al. 2013).
Studies found that 49 percent of the survivors of Hurricane Katrina developed an anxiety or mood
disorder, and 1 in 6 developed PTSD (American Public Health Association 2016).
Beyond the mental health impacts of extreme events, the gradual impacts of climate change such as
temperature increase, poor air quality and drought can exacerbate chronic health conditions and lead
to chronic stress. A 10-year study of nearly 2 million US households found that exposure to both more
extreme weather and gradual multi-year warming were associated with worsened mental health
(Obradovich et al. 2018). People with pre-existing mental illnesses are at increased risk, as are youth.
Montana has one of the highest per capita suicide rates in the country (CDC 2018). Montana is
largely a rural state and as such, has limited access to mental health professionals in many geographic
areas.

Food Security and Nutrition
Climate change threatens human health by its effects on agriculture, affecting food quantity and
quality. Climate changes, even modest increased temperatures, drought or extreme weather events can
lower the overall quantity (and quality) of food produced. This can result in higher food prices, which
can disproportionately affect lower income people. Montana soils and climate have historically been
favorable for food production, and this is reflected in many small farms, dairies and ranches. Climate
change may not strongly impact local food production, but many people buy from non-local sources.
Global and national crop failures or shortages in distant locations can impact food prices and
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availability in Montana. From Springmann et al (2016) stated “Food and nutrition concerns resulting
from a warming climate could outweigh all other human health impacts brought on by climate.” For
Montanans who rely on hunting and fishing as a necessary food source, climate change and wildfire
impacts can adversely affect these resources.

Conclusion
The City of Hamilton and residents of Ravalli County have recognized that our climate is changing
and are beginning climate resiliency planning. There is much available scientific information showing
local climate trends and likely outcomes of those trends, which can guide our planning. The Bitterroot
Valley Resiliency Science Primer consolidates information from many sources about likely
temperature, precipitation, and weather changes, plus the implications of those changes for natural
systems, economy, agriculture, and human health. Although past trends are clear, predicting the
future is a highly uncertain process. The information in this primer is the best that the authors could
find, yet will need to be revised as conditions change and new data become available. Preparing for a
resilient future now, with the best available information, is crucial to remaining a thriving community
and ecosystem, whatever the future brings.
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