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Executive Summary

Climate change is expected to increase the occurrence of most climate-related natural hazards.
This report addresses how climate change is expected to influence eleven climate-related natural
hazards or risks categorized with very high, high, medium, and low confidence levels.

The risks of heat waves are projected to increase with very high confidence due to strong
evidence in published literature, model consensus, and robust theoretical principles for continued
increasing temperatures. The majority of risks expected to increase with climate change have
high or medium confidence due to moderate to strong evidence and consensus, yet they are
influenced by multiple secondary factors in addition to increasing temperatures. Risks with low
confidence, while important, show relatively little to no changes due to climate change or the
level of evidence is limited. The projected direction of change, along with the level of confidence
in the direction of change for each climate change-related natural hazard or risk, is summarized
in Table 1. The full report describes the projected changes for each climate metric representing
the natural hazard (see Table 2).

Table 1 Summary of projected direction of change along with the level of confidence in climate change-related risk of
natural hazard occurrence. Very high confidence means all models agree on the direction of change and there is strong
evidence in the published literature. High confidence means most models agree on the direction of change and there is
strong to medium evidence in the published literature. Medium confidence means that there is medium evidence and
consensus on the direction of change with some caveats. Low confidence means the direction of change is small compared
to the range of model responses or there is limited evidence in the published literature.

Low Medium High
Confidence Confidence Confidence
2)' Q Heavy Rains
Drought e
Risk A Flooding ﬁ .
Increasing Poor Air " m — .‘&'.
) ildfi
¢ Quality m _ 14 Wildfire Heat Waves
Incgeaesceicelshll{\;:ls;we Loss of Wetland ‘
P Ecosystems &
Risk
Unchanging :"J.,
- Windstorms
Risk
Decreasing :’J, *&
* Dust Storms Cold Waves




This report presents future climate projections for Umatilla County relevant to specific natural
hazards for the 2020s (2010-2039 average) and 2050s (2040-2069 average) relative to the 1971—
2000 average historical baseline. The projections were analyzed for a lower greenhouse gas
emissions scenario as well as a higher greenhouse gas emissions scenario, using multiple global
climate models. This Executive Summary lists only the projections for the 2050s under the
higher emissions scenario. Projections for both time periods and both emissions scenarios can be
found within relevant sections of the main report.

1 Heat Waves
S S_¢ . . . . .
= A .. Extreme heat events are expected to increase in frequency, duration, and intensity due
t zt to continued warming temperatures.

In Umatilla County, the frequency of hot days per year with temperatures at or above
90°F is projected to increase on average by 29 days, with a range of about 11 to 41
days, by the 2050s under the higher emissions scenario relative to the historical
baselines. This average increase represents a more than doubling of hot days relative to
the average historical baseline.

In Umatilla County, the temperature of the hottest day of the year is projected to
increase on average by nearly 8°F, with a range of about 3 to 11°F, by the 2050s under
the higher emissions scenario relative to the historical baselines.

Cold Waves
* Cold extremes are still expected to occur from time to time, but with much less
frequency and intensity as the climate warms.

In Umatilla County, the frequency of cold days per year at or below freezing is
projected to decrease on average by 11 days, with a range of about 5 to 17 days, by the
2050s under the higher emissions scenario relative to the historical baselines. This
average decrease represents a future with a little more than half as many cold days per
year as in the average historical baseline.

In Umatilla County, the temperature of the coldest night of the year is projected to
increase on average by about 9°F, with a range of about 0 to 17°F, by the 2050s under
the higher emissions scenario relative to the historical baselines.

Heavy Rains
The intensity of extreme precipitation events is expected to increase in the future as the

RXX3 atmosphere warms and is able to hold more water vapor.

In Umatilla County, the frequency of days with at least %4 of precipitation is not
projected to change substantially. However, the magnitude of precipitation on the
wettest day and wettest consecutive five days per year is projected to increase on
average by about 19% (with a range of 7% to 39%) and 14% (with a range of -1% to
32%), respectively, by the 2050s under the higher emissions scenario relative to the
historical baselines.

In Umatilla County, the frequency of days exceeding a threshold for landslide risk,
based on 3-day and 15-day precipitation accumulation, is not projected to change
substantially. However, landslide risk depends on a variety of factors and this metric
may not reflect all aspects of the hazard.
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River Flooding

Mid- to low-elevation areas in Umatilla County’s Blue Mountains that are near the
freezing level in winter, receiving a mix of rain and snow, are projected to experience
an increase in winter flood risk due to warmer winter temperatures causing
precipitation to fall more as rain and less as snow.

Drought

Drought conditions, as represented by low summer soil moisture, low spring
snowpack, low summer runoff, and low summer precipitation are projected to become
more frequent in Umatilla County by the 2050s relative to the historical baseline.

By the end of the 21 century, summer low flows are projected to decrease in the Blue
Mountains region putting some sub-basins at high risk for summer water shortage
associated with low streamflow.

Wildfire

Wildfire risk, as expressed through the frequency of very high fire danger days, is
projected to increase under future climate change. In Umatilla County, the frequency of
very high fire danger days per year is projected to increase on average by about 40%
(with a range of -14 to +101%) by the 2050s under the higher emissions scenario
compared to the historical baseline.

Air Quality

Under future climate change, the risk of wildfire smoke exposure is projected to
increase in Umatilla County. The number of “smoke wave” days—days with high
concentrations of wildfire-specific particulate matter—is projected to increase by 141%
and the intensity of “smoke waves” is projected to increase by 82% by 2046-2051
under a medium emissions scenario compared with 2004—2009.

Windstorms
Limited research suggests very little, if any, change in the frequency and intensity of
windstorms in the Pacific Northwest as a result of climate change.

Dust Storms

Limited research suggests that the risk of dust storms in summer would decrease in
eastern Oregon under climate change in areas that experience an increase in vegetation
cover from the carbon dioxide fertilization effect.

Increased Invasive Species Risk

Warming temperatures, altered precipitation patterns, and increasing atmospheric
carbon dioxide levels increase the risk for invasive species, insect and plant pests for
forest and rangeland vegetation, and cropping systems.

Loss of Wetland Ecosystems

Freshwater wetland ecosystems are sensitive to warming temperatures and altered
hydrological patterns, such as changes in precipitation seasonality and reduction of
snowpack.



Introduction

Industrialization has given rise to increasing amounts of greenhouse gas emissions worldwide,
which is causing the Earth’s climate to warm (IPCC, 2013). The effects of which are already
apparent here in Oregon (Dalton et al., 2017; Mote et al., 2019). Climate change is expected to
influence the likelihood of occurrence of existing natural hazard events such as heavy rains, river
flooding, drought, heat waves, cold waves, wildfire, air quality, and coastal erosion and flooding.

Oregon’s Department of Land Conservation and Development (DLCD) contracted with the
Oregon Climate Change Research Institute (OCCRI) to perform and provide analysis of the
influence of climate change on natural hazards. The geographic scope of this analysis is Umatilla
County. This report is funded through the Hazard Mitigation Grant Program (HMGP) grant that
DLCD received from FEMA. Outcomes of this analysis include county-specific data, graphics,
and text summarizing climate change projections for climate metrics related to each of the
natural hazards listed in Table 2. This information will be integrated into the Natural Hazards
Mitigation Plan (NHMP) updates for Umatilla County, and can be used in other county plans,
policies, and programs. In addition to the county reports, sharing of data, and other technical
assistance will be provided to the counties. This report covers climate change projections related
to natural hazards within Umatilla County.
Table 2 Natural hazards and related climate metrics evaluated in this project.
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Future Climate Projections Background

Introduction

The county-specific future climate projections prepared by OCCRI are derived from 10-20
global climate models (GCM) and two scenarios of future global greenhouse gas emissions.
Future climate projections have been “downscaled”—that is, made locally relevant—and
summaries of projected changes in the climate metrics in Table 2 are presented for an early 21%
century period and a mid 21 century period relative to a historical baseline. (Read more about
the data sources in the Appendix.)

Global Climate Models

Global climate models are sophisticated computer models of the Earth’s atmosphere, water, and
land and how these components interact over time and space according to the fundamental laws
of physics (Figure 1). GCMs are the most sophisticated tools for understanding the climate
system, but while highly complex and built on solid physical principles, they are still
simplifications of the actual climate system. There are several ways to implement such
simplifications into a GCM, which results in each one giving a slightly different answer. As
such, it is best practice to use at least ten GCMs and look at the average and range of projections
across all of them. (Read more about GCMs and uncertainty in the Appendix.)

A Climate Modeling Timeline
(When Various Components Became Commonly Used)
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1890s 1960s 1970s 1990s 2000s 2010s
Radiative Non-Linear ~ Hydrological Sea Ice and Atmospheric Aerosols and Biogeochemical
Transfer Fluid Dynamics Cycle Land Surface Chemistry Vegetation Cycles and Carbon
Energy Balance Models Atmosphere-Ocean General Circulation Models Earth System Models

Figure 1 As scientific understanding of climate has evolved over the last 120 years, increasing amounts of
physics, chemistry, and biology have been incorporated into calculations and, eventually, models. This figure
shows when various processes and components of the climate system became regularly included in scientific
understanding of global climate calculations and, over the second half of the century as computing resources
became available, formalized in global climate models. (Source: science2017.globalchange.gov)

Greenhouse Gas Emissions

When used to project future climate, scientists give the GCMs information about the quantity of
greenhouse gases that the world would emit, then the GCMs run simulations of what would
happen to the air, water, and land over the next century. Since the precise amount of greenhouse
gases the world will emit over the next century is unknown, scientists use several scenarios of
different amounts of greenhouse gas emissions based on plausible societal trajectories. The
future climate projections prepared by OCCRI uses emissions pathways called Representative



Concentration Pathways (RCPs). There are several RCPs and the higher global emissions are, the
greater the expected increase in global temperature (Figure 2). OCCRI considers a lower
emissions scenario (RCP 4.5) and a higher emissions scenario (RCP 8.5) because they are the
most commonly used scenarios in published literature and the downscaled data is available for
these scenarios. (Read more about emissions scenarios in the Appendix.)
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Figure 2 Future scenarios of atmospheric carbon dioxide concentrations (left) and global temperature change
(right) resulting from several different emissions pathways, called Representative Concentration Pathways
(RCPs), which are considered in the fourth and most recent National Climate Assessment. (Source:

science2017.globalchange.gov)

Downscaling

Global climate models simulate the climate across adjacent grid boxes the size of about 60 by 60
miles. To make this coarse resolution information locally relevant, GCM outputs have been
combined with historical observations to translate large-scale patterns into high-resolution
projections. This process is called statistical downscaling. The future climate projections
produced by OCCRI were statistically downscaled to a resolution with grid boxes the size of
about 2.5 by 2.5 miles (Abatzoglou and Brown, 2012). (Read more about downscaling in the
Appendix.)

Future Time Periods

When analyzing global climate model projections of future climate, it is best practice to compare
the average across at least a 30-year period in the future simulations to an average across at least
a 30-year period in the historical simulations. The average over a 30-year period in the historical
simulations is called the historical baseline. For the future climate projections in this report, two
30-year future periods are analyzed in comparison with a 30-year historical baseline (Table 3).

Each of the twenty global climate models simulates historical and future climate slightly
differently. Thus, each global climate model has a different historical baseline from which future
projections are compared. Because each climate model’s historical baseline is slightly different,
this report presents the average and range of projected changes in the variables relative to each
model’s own historical baseline (rather than the average and range of future projected absolute
values). The average of the twenty historical baselines, called the average historical baseline, is
also presented to aid in understanding the relative magnitude of projected changes. The average



historical baseline can be combined with the average projected future change to infer the average
projected future absolute value of a given variable.

Table 3 Historical and future time periods for presentation of future climate projections

Early 21% Century Mid 21% Century

Historical Baseline “2020s” “2050s”

1971-2000 2010-2039 2040-2069

How to Use the Information in this Report

Climate change may bring novel conditions that have not been encountered in communities in
the recent past. Thus, anticipating future outcomes by considering only past trends and
variability may become increasingly unreliable. Future projections from GCMs provide an
opportunity to explore a range of plausible outcomes taking into consideration the climate
system’s complex response to increasing concentrations of greenhouse gases. Considering future
projections alongside past trends or hazard events may provide additional insight when updating
natural hazard mitigation plans and mitigation actions. It is important to be aware that GCM
projections should not be thought of as predictions of what the weather will be like at some
specified date in the future, but rather viewed as projections of the long-term statistical aggregate
of weather, in other words, “climate”, if greenhouse gas concentrations follow some specified
trajectory.!

The projections of climate variables in this report, both in the direction and magnitude of change,
are best used in reference to the historical climate conditions under which a particular asset or
system is designed to operate. For this reason, considering the projected changes between the
historical and future periods allows one to envision how current systems of interest would
respond to climate conditions that are different from what they have been. In some cases, the
projected change may be small enough to be accommodated within the existing system. In other
cases, the projected change may be large enough to require adjustments, or adaptations, to the
existing system. However, engineering or design projects would require a more detailed analysis
than what is available in this report.

The information in this report can be used to:

e Explore a range of plausible future outcomes taking into considering the climate system’s
complex response to increasing greenhouse gases

e Envision how current systems may respond under climate conditions different from those
the systems were designed to operate under

e Evaluate potential mitigation actions to accommodate future conditions

¢ Influence the risk assessment in terms of the likelihood of a particular climate-related
hazard occurring.

! Read more: https://nca2014.globalchange.gov/report/appendices/fags#narrative-page-38784
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Average Temperature

Oregon’s average temperature warmed at a rate of 2.2°F per century during 1895-2019 (National
Centers for Environmental Information (NCEI), 2020). Average temperature is expected to
continue warming during the 21% century under scenarios of continued global greenhouse gas
emissions; the rate of warming depends on the particular emissions scenario (Dalton et al.,
2017). By the 2050s (2040-2069) relative to the 1970—1999 historical baseline, Oregon’s
average temperature is projected to increase by 3.6 °F with a range of 1.8°-5.4°F under a lower
emissions scenario (RCP 4.5) and by 5.0°F with a range of 2.9°F—6.9°F under a higher emissions
scenario (RCP 8.5) (Dalton et al., 2017). Furthermore, summers are projected to warm more than
other seasons (Dalton et al., 2017).

Average temperature in Umatilla County is projected to warm during the 21 century at a similar
rate to Oregon as a whole (Figure 3). Projected increases in average temperature in Umatilla
County relative to each global climate model’s 1971-2000 historical baseline range from 1.2—
4.1°F by the 2020s (2010-2039) and 2.1-7.9°F by the 2050s (2040-2069), depending on
emissions scenario and climate model (Table 4).

Annual Average Temperature Projections
Umatilla County

65 b = Historical 20203 20508
Lower (RCP 4.5) +2.7 °F +5.6 °F
60 1 __ Higher (RCP 8.5)
55
o
45 —
40

I I I I I I I I I I I I I I I I
1950 1970 1990 2010 2030 2050 2070 2090

Figure 3 Annual average temperature projections for Umatilla County as simulated by 20 downscaled global climate
models under a lower (RCP 4.5) and a higher (RCP 8.5) greenhouse gas emissions scenario. Solid line and shading depicts
the 20-model mean and range, respectively. The multi-model mean differences for the 2020s (2010-2039 average) and the
2050s (2040-2069 average) relative to the average historical baseline (1971-2000 average) are shown.

Table 4 Average and range of projected future changes in Umatilla County's average temperature relative to each global
climate model’s (GCM) historical baseline (1971-2000 average) for the 2020s (2010-2039 average) and 2050s (2040-2069
average) under a lower (RCP 4.5) and higher (RCP 8.5) emissions scenario based on 20 GCMs.

Change by Early 21% Century | Change by Mid 21 Century
“2020s” “2050s”
Higher (RCP 8.5) +2.7°F (1.6 t0 3.9) +5.6°F (3.0 to 7.5)
Lower (RCP 4.5) +2.4°F (1.1 to 3.9) +4.3°F (2.0 t0 5.9)
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Heat Waves

Extreme heat events are expected to increase in frequency, duration, and intensity in Oregon due
to continued warming temperatures. In fact, the hottest days in summer are projected to warm
more than the change in mean temperature over the Pacific Northwest (Dalton et al., 2017). This
report presents projected changes for three metrics of heat extremes for both daytime (maximum
temperature) and nighttime (minimum temperature) (Table 5).

Table 5 Heat extreme metrics and definitions

Metric Definition
Hot Days Number of odays per year maximum temperature is greater than or
equal to 90°F
Warm Nights Number of odays per year minimum temperature is greater than or
equal to 65°F
Hottest Day Annual maximum of maximum temperature
Warmest Night Annual maximum of minimum temperature

Number of events per year with at least 3 consecutive days with

Daytime Heat Wa :
ytime Heat Waves maximum temperature greater than or equal to 90°F

Number of events per year with at least 3 consecutive days with

Nighttime Heat Waves minimum temperature greater than or equal to 65°F

In Umatilla County, all the extreme heat metrics in Table 5 are projected to increase by the 2020s
(2010-2039) and 2050s (2040-2069) under both the lower (RCP 4.5) and higher (RCP 8.5)
emissions scenarios (Table 6). For example, for the 2050s under the higher emissions scenario
climate models project that the number of hot days greater than or equal to 90°F per year,
relative to each model’s 1971-2000 historical baseline, would increase by as little as 11 days to
as much as 41 days. The average projected increase in the number of hot days per year is 29 days
above the average historical baseline of 19 days. This represents a projected more than doubling
in the frequency of hot days by the 2050s under the higher emissions scenario.

Likewise, the temperature of the hottest day of the year is projected to increase by as little as
2.9°F to as much as 11.3°F by the 2050s under the higher emissions scenario relative to the
models’ historical baselines. The average projected increase is 7.9°F above the average historical
baseline of 96.8°F. The frequency of daytime heat waves is projected to double on average
relative to the average historical baseline of nearly three events. In other words, hot days are
projected to become more frequent and the hottest days are projected to become even hotter.

Projected changes in the frequency of extreme heat days (i.e., Hot Days and Warm Nights) are
shown in Figure 4. Projected changes in the magnitude of heat records (i.e., Hottest Day and
Warmest Night) are shown in Figure 5. Projected changes in the frequency of extreme heat
events (i.e., Daytime Heat Waves and Nighttime Heat Waves) are shown in Figure 6.




Table 6 Mean and range of projected future changes in extreme heat metrics for Umatilla County relative to each global
climate model’s (GCM) historical baseline (1971-2000 average) for the 2020s (2010-2039 average) and 2050s (20402069
average) under a lower (RCP 4.5) and higher (RCP 8.5) emissions scenario based on 20 GCMs. The average historical
baseline across the 20 GCMs is also presented and can be combined with the average projected future change to infer the
average projected future absolute value of a given variable. However, the average historical baseline cannot be combined
with the range of projected future changes to infer the range of projected future absolute values.

Change by Early 21* Change by Mid 21*
Century Century
“2020s” “2050s”
Average
Historical Lower
Baseline
+10.7 days | +12.6days | +20.6 days | +29.2 days
Hot Days 188days | (35 171) | 44-17.6) | (74-308) | (10.8-40.7)
. +3.7 days +4.3 days +8.3 days +14.0 days
Warm Nights 32days | 0984y | (21-81) | (13-18.0) | (3.8-28.7)
o +3.3°F +3.8°F +5.9°F +7.9°F
Hottest Day 96.8°F 07-50) | (1.1-54) | (22-84) | (2.9-113)
. o +2.5°F +2.8°F +4.4°F +6.4°F
Warmest Night 65.2°F 09-4.1) | (1237 | (13-7.0) | (33-9.5)
Daytime 7 6 events +1.1 events | +1.3 events | +1.9 events | +2.3 events
Heat Waves ‘ (0.5-1.7) (0.7-1.8) (1.1-3.1) (1.3-3.8)
Nighttime 0.4 events +0.5events | +0.6 events | +1.1 events | +1.7 events
Heat Waves ’ (0.1-1.0) (0.3-0.9) (0.1-2.3) (0.3-3.2)

Change in Extreme Heat Days for Umatilla County

Change in Frequency (# Days)

O Lower (RCP 4.5)

B Higher (RCP 8.5)

Hot Days
2020s

Hot Days
2050s

Figure 4 Projected future changes in the number of hot days (left two sets of bars) and number of warm nights (right two
sets of bars) for Umatilla County relative to the historical baseline (1971-2000 average) for the 2020s (2010-2039 average)
and 2050s (20402069 average) under a lower (RCP 4.5) and higher (RCP 8.5) emissions scenario based on 20 global
climate models (GCMs). The bars and whiskers display the mean and range, respectively, of changes across the 20 GCMs
relative to each GCM’s historical baseline. Hot days are defined as days with maximum temperature of at least 90°F;
warm nights are defined as days with minimum temperature of at least 65°F.
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Change in Extreme Heat Records for Umatilla County

| @ Lower (RCP4.5) B Higher {RCP 8.5)

Change in Degrees Fahrenheit

Hottest Day Hottest Day Warmest Night Warmest Night
2020s 2050s 2020s 2050s
Figure 5 Projected future changes in the hottest day of the year (left two sets of bars) and warmest night of the year (right
two sets of bars) for Umatilla County relative to the historical baseline (1971-2000 average) for the 2020s (2010-2039
average) and 2050s (20402069 average) under a lower (RCP 4.5) and higher (RCP 8.5) emissions scenario based on 20
global climate models (GCMs). The bars and whiskers display the mean and range, respectively, of changes across the 20
GCM s relative to each GCM’s historical baseline.

Change in Extreme Heat Events for Umatilla County
4.0

@ Lower (RCP 4.5) B Higher {RCP 8.5)
3.5

3.0

Change in Frequency (# Events)

Daytime Daytime Nighttime Nighttime
Heat Waves Heat Waves Heat Waves Heat Waves
2020s 2050s 2020s 2050s

Figure 6 Projected future changes in the number of daytime heat waves (left two sets of bars) and number of nighttime
heat waves (right two sets of bars) for Umatilla County relative to the historical baseline (1971-2000 average) for the
2020s (2010-2039 average) and 2050s (20402069 average) under a lower (RCP 4.5) and higher (RCP 8.5) emissions
scenario based on 20 global climate models (GCMs). The bars and whiskers display the mean and range, respectively, of
changes across the 20 GCMs relative to each GCM’s historical baseline. Daytime heat waves are defined as events with
three or more consecutive days with maximum temperature of at least 90°F; nighttime heat waves are defined as events
with three or more consecutive days with minimum temperature of at least 65°F.
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Key Messages:

= Extreme heat events are expected to increase in frequency, duration, and intensity due to
continued warming temperatures.

= In Umatilla County, all the extreme heat metrics in Table 5 are projected to increase by
the 2020s and 2050s under both the lower (RCP 4.5) and higher (RCP 8.5) emissions
scenarios (Table 6).

= In Umatilla County, the frequency of hot days per year with temperatures at or above
90°F is projected to increase on average by 29 days, with a range of about 11 to 41 days,
by the 2050s under the higher emissions scenario relative to the historical baselines. This
average increase represents a more than doubling of hot days relative to the average
historical baseline.

= In Umatilla County, the temperature of the hottest day of the year is projected to increase
on average by nearly 8°F, with a range of about 3 to 11°F, by the 2050s under the higher
emissions scenario relative to the historical baselines.

12




¢

Cold Waves

Over the past century, cold extremes have become less frequent and severe in the Northwest; this
trend is expected to continue under future global warming of the climate system (Vose et al.,
2017). This report presents projected changes for three metrics of cold extremes for both daytime
(maximum temperature) and nighttime (minimum temperature) (Table 7).

Table 7 Cold extreme metrics and definitions

Metric Definition

Cold Days Number of odays per year maximum temperature is less than or
equal to 32°F

Cold Nights Number of days per year minimum temperature is less than or
equal to 0°F

Coldest Day Annual minimum of maximum temperature

Coldest Night Annual minimum of minimum temperature

Daytime Cold Waves Number of events per year with at least 3 consscutlve days with
maximum temperature less than or equal to 32°F

. . N f t ith at least ti ith

Nighttime Cold Waves gmber of events per year with at least 3 corisecu ive days wi

minimum temperature less than or equal to 0°F

In Umatilla County, the extreme cold metrics in Table 7 are projected to become less frequent or
less cold by the 2020s (2010-2039) and 2050s (2040-2069) under both the lower (RCP 4.5) and
higher (RCP 8.5) emissions scenarios (Table 8). For example, for the 2050s under the higher
emissions scenario climate models project that the number of cold days less than or equal to
32°F per year, relative to each model’s 1971-2000 historical baseline, would decrease by at least
5 days to as much as 17 days. The average projected decrease in the number of cold days per
year is 11 days relative to the average historical baseline of 18 days. This represents a future with
a little more than half as many cold days as before by the 2050s under the higher emissions
scenario.

Likewise, the temperature of the coldest night of the year is projected to increase by at most
16.9°F relative to the models’ historical baselines. The average projected increase is 9.4°F above
the average historical baseline of 0.0°F. The frequency of daytime cold waves is projected to
decrease by one event per year on average relative to the average historical baseline of about two
events. In other words, cold days are projected to become less frequent and the coldest nights are
projected to become warmer.

Projected changes in the frequency of extreme cold days (i.e., Cold Days and Cold Nights) are
shown in Figure 7. Projected changes in the magnitude of cold records (i.e., Coldest Day and
Coldest Night) are shown in Figure 8. Projected changes in the frequency of extreme cold events
(i.e., Daytime Cold Waves and Nighttime Cold Waves) are shown in Figure 9.
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Table 8 Mean and range of projected future changes in extreme cold metrics for Umatilla County relative to each global
climate model’s (GCM) historical baseline (1971-2000 average) for the 2020s (2010-2039 average) and 2050s (20402069
average) under a lower (RCP 4.5) and higher (RCP 8.5) emissions scenario based on 20 GCMs. The average historical
baseline across the 20 GCMs is also presented and can be combined with the average projected future change to infer the
average projected future absolute value of a given variable. However, the average historical baseline cannot be combined
with the range of projected future changes to infer the range of projected future absolute values.

Change by Early 21° Century | Change by Mid 21%* Century
“2020s” “2050s”
Average
Historical Lower Lower
Baseline
-5.5 days -7.0 days -9.4 days -10.9 days
Cold Days | 17.8days | 944,05 | (11.6t0-1.6) | (-129t0-3.7) | (-16.5t0-5.2)
Cold 1.6 davs -0.5 days -0.8 days -1.0 days -1.1 days
Nights D aay (-1.3t0 0.6) (-1.5t0 0.0) (-1.9t0 -0.1) (-1.8 t0 -0.0)
Coldest 17.1°F +2.1°F +3.7°F +5.7°F +6.8°F
Day ) (-1.3t05.3) (-0.1 to 8.5) (0.2t09.8) (-0.1 to 12.8)
Coldest 0.0°F +3.3°F +5.3°F +7.7°F +9.4°F
Night ) (-1.6 10 9.4) (0.8t012.2) (1.2t0 13.7) (0.0 to 16.9)
D?:y(:;gle 2 4 events -0.7 events -0.9 events -1.2 events -1.4 events
Waves (-1.3t0 0.3) (-1.7 t0 -0.2) (-1.9 t0 -0.6) (-2.2 t0 -0.6)
Nl%l(:lt(lime 0.2 events -0.0 events -0.1 events -0.1 events -0.1 events
Waves (-0.2t0 0.1) (-0.2t0 0.1) (-0.3 t0 0.0) (-0.3 t0 -0.0)
Change in Extreme Cold Days for Umatilla County
2 @ Lower (RCP4.5) ® Higher (RCP 8.5)
0 -
- fom— e
®
£ o4 1L
2 12 -
3]
-15
-18
Cold Days Cold Days Cold Nights Cold Nights
2020s 2050s 2020s 2050s

Figure 7 Projected future changes in the number of cold days (left two sets of bars) and number of cold nights (right two
sets of bars) for Umatilla County relative to the historical baseline (1971-2000 average) for the 2020s (2010-2039 average)
and 2050s (20402069 average) under a lower (RCP 4.5) and higher (RCP 8.5) emissions scenario based on 20 global
climate models (GCMs). The bars and whiskers display the mean and range, respectively, of changes across the 20 GCMs
relative to each GCM’s historical baseline. Cold days are defined as days with maximum temperature at or below 32°F;
cold nights are defined as days with minimum temperature at or below 0°F.
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Change in Extreme Cold Records for Umatilla County
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Figure 8 Projected future changes in the coldest day of the year (left two sets of bars) and coldest night of the year (right
two sets of bars) for Umatilla County relative to the historical baseline (1971-2000 average) for the 2020s (20102039
average) and 2050s (2040-2069 average) under a lower (RCP 4.5) and higher (RCP 8.5) emissions scenario based on 20
global climate models (GCMs). The bars and whiskers display the mean and range, respectively, of changes across the 20
GCM s relative to each GCM’s historical baseline.

Change in Extreme Cold Events for Umatilla County
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Figure 9 Projected future changes in the number of daytime cold waves (left two sets of bars) and number of nighttime
cold waves (right two sets of bars) for Umatilla County relative to the historical baseline (1971-2000 average) for the
2020s (2010-2039 average) and 2050s (20402069 average) under a lower (RCP 4.5) and higher (RCP 8.5) emissions
scenario based on 20 global climate models (GCMs). The bars and whiskers display the mean and range, respectively, of
changes across the 20 GCMs relative to each GCM’s historical baseline. Daytime cold waves are defined as events with
three or more consecutive days with maximum temperature at or below 32°F; nighttime cold waves are defined as events
with three or more consecutive days with minimum temperature at or below 0°F.
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Key Messages:

=

=

Cold extremes are still expected to occur from time to time, but with much less frequency
and intensity as the climate warms.

In Umatilla County, the extreme cold metrics in Table 7 are projected to become less
frequent or less cold by the 2020s and 2050s under both the lower (RCP 4.5) and higher
(RCP 8.5) emissions scenarios (Table 8).

In Umatilla County, the frequency of cold days per year at or below freezing is projected
to decrease on average by 11 days, with a range of about 5 to 17 days, by the 2050s under
the higher emissions scenario relative to the historical baselines. This average decrease
represents a future with a little more than half as many cold days per year as in the
average historical baseline.

In Umatilla County, the temperature of the coldest night of the year is projected to
increase on average by about 9°F, with a range of about 0 to 17°F, by the 2050s under the
higher emissions scenario relative to the historical baselines.
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Heavy Rains

There is greater uncertainty in future projections of precipitation-related metrics than
temperature-related metrics. This is because of the large natural variability in precipitation
patterns and the fact that the atmospheric patterns that influence precipitation are manifested
differently across GCMs. From a global perspective, mean precipitation is likely to decrease in
many dry regions in the sub-tropics and mid-latitudes and increase in many mid-latitude wet
regions (IPCC, 2013). That boundary between mid-latitude increases and decreases in
precipitation is positioned a little differently for each GCM, which results in some models
projecting increases and others decreases in Oregon (Mote et al., 2013).

In Oregon, observed precipitation is characterized by high year-to-year variability and future
precipitation trends are expected to continue to be dominated by this large natural variability. On
average, summers in Oregon are projected to become drier and other seasons to become wetter
resulting in a slight increase in annual precipitation by the 2050s (2040-2069). However, some
models project increases and others decreases in each season (Dalton et al., 2017).

Extreme precipitation events in the Pacific Northwest are governed both by atmospheric
circulation and by how it interacts with complex topography (Parker and Abatzoglou, 2016).
Atmospheric rivers—long, narrow swaths of warm, moist air that carry large amounts of water
vapor from the tropics to mid-latitudes—generally result in coherent extreme precipitation events
west of the Cascade Range, while closed low pressure systems often lead to isolated precipitation
extremes east of the Cascade Range (Parker and Abatzoglou, 2016).2

Observed trends in the frequency of extreme precipitation events across Oregon have depended
on the location, time frame, and metric considered, but overall the frequency has not changed
substantially. As the atmosphere warms, it is able to hold more water vapor that is available for
precipitation. As a 