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Executive Summary

The ear t Isoéhangingl Glabal averagé temperatures have riseifr kiice 1901
(Wuebbles et al. 2017Warming temperatures are driving other environmental changes such as
melting glaciers, rising sea levels, changes in precipitation patternsica@ased drought and
wildfires.

The magnitude of future changes will depend on the amount of greenhouse gases (GHGS)
(particularly carbon dioxide) emitted into our atmosphere. Without significant reductions in GHGs,
global average temperatures coul@ @s much as & over preindustrial temperatures by the end

of this century. Even with drastic reductions in emissions, we could limit the warming 1 &.6
less(Wuebbles et al. 2017)

Coconino County has been experiencingelie changes as well. Average temperatures have been
rising, particularly in the last 30 years. The region is likely to see fewer cold days and more hot days
in the coming decades. And annual average temperatures cowddamsaore than the global

avera@i possiby more than 10F higher than the lonterm average in the region

Projections of future climate for Coconino County include:

Temperature

1 Average émperatures in Coconino County have been rising since about tHO 8kl
Almost all years siree1985 have had average annual temperatures above tkerong
average.

1 Minimum temperatures, which manifest as days not being as cold and as fewer cold days per
year, ardargelydriving the upward trend in temperatures.

1 These trends are projedto coninue into the futureScenarios for Coconino County
indicate that averagermperatures could ke F above the current average (5253 by
2050 and moréhan 10 F above the current average by the year 2100.

Precipitation

1 Precipitation hasistoricallybeen variableas is normal for this regiofhere is no clear
trend toward changes in average precipitation amonr@sconino County.

1 The same variability is present in future projections of precipitation with no clear indication
about changes in overall averagaounts

1 Risingtemperatures willhoweverjncrease evaporaticand transpiratiomates which will
lead to drier soils andontribute tomore frequent and severe drought.

1 Rising low temperatures also indicate a likely change from precipitation falling as snow to
more of the precipitation falling as railuring colder months of the year

Extreme Temperatures
1 From 1950 2017, tke average number of days above BOn Flagstaff wa 2 dgs per
year.The projected change in the number of days abové @ as high as 8@ays per year
by the end of this century.
1 On average, Flagstdfias experiencetid7 days per year in whichinimum temperatures
drop below freezing (32F). By the year 2100, Flagstaff could experience as few as 100
days hat reach freezing temperatures




Based on this examination of Flagstaff and
see a cleavarming trend. Although natural variability will always exist, meaning some years will
be warmer and some colder, the overall trend is toward warmer temperatures; in particular, low
temperatures are not, and will not be, as low as in the past. Althcerghaite no clear trends in
precipitation, the warmer temperatures will contribute to an overall drying trend.

The implications of these changes for Flagstaff will be discussdadnate vulnerability asessment
processwhich will be completed in the spg of 2018.
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Introduction to the Climate Profile

Decisions that require the use of climate and weather information, such as how to best manage
natural resources or help your community adapt to a changing climate, often netatriong

record$ or datd about dailyweathet. Weather data in its most basic form is made up of
measurements of temperature and precipitation taken at least once a day. When collected at the
same locations for a long time, weather data gives us a lot of information abolutntite of a

place. For example, by looking at many years of weather data we daovepeone a region is to
droughts, floods, heat waves or cold spells. These historical weather records alsdineatsl

trends such as whether a place is getting wettalr@mr or warmer or cooler over long periods of
time.

Projections of future climate conditiormmonly referred to adimate projectionsare
developed using computbased climate models. These models provide us with estimates or
scenarios of possible future climate conditions.

All of this information, both observed (historical) data and projected data, can be useful in helping a

community make decisions about natural resources or economic development opportunities. This
climate profile has been created for Coconino County (which includes Flagstaff) using observed
climate and weather data as well as computer model projections of futagecliThe information

is presented for all of Coconino County because the area is small enough to be relevant to the City

of Flagstaff and large enough for the analyses (particularly the projected future climate scenarios) to

be robust. Analysis of both tseof data reveal several trends that can help the City of Flagstaff plan
for its future.

1 Bold/italizizedterms are defined in the Glossary at the end of the report.
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Climate Trends and Climate Change

Global average temperatures are rising. They do not rise everywhere or every year in exactly the
same amount. Natural climate variability means that some years are still cold or colder than
average. But overall, the whole world is warming kigurel shows some of the changes scientists

and others have observed about the ways in which the Earth is changing. The white arrows indicate
upward trends, like rising tempera¢s and sea levels. The black arrows indicate downward trends,
such as the amount of snow in northern and mountain regions.

Figure 1: Observed indicators of a warming world. White arrows indicate increasing trends. Black arrows idicate
decreasing trends. Sourcehttp://nca2014.globalchange.gov/report/ouchangingclimate/observedchange#tab2images
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http://nca2014.globalchange.gov/report/our-changing-climate/observed-change#tab2-images

While most ageas of the United States have warmed in recent decades, not every area has
experienced (or will experience) a constant rate of warnfiigg(e2).> The Southwest isone of

the regions that has experiena@twarming above 1.5 F in recent decadesThe warming is even

more clear during the winter season.

Figure 2: Observed temperature change@ the U.S. comparing the current period (1986 2016)to the period 19011 196

The darker the color, the greater the difference between 1901960 and1986- 2016. Source: Climate Science Special Report:

https://science2017.globalchange.gav/

0.

Annual Temperature

Difference (°F)
<15

10005
05t 1.0
Bl 10015
| ERK3

Bl -15t0-1.0
[]-05t0-1.0
[ 1051000

2 In the southeastern United States are several areas that appear to have cooled instead of warmed.

Researchers have linked this period of cooling to a combination of factors including: thick clouds,
which decrease the amount of sunlight reaching thedarfelce; unusually high soil moisture,

which contributes to high evaporation rates; and lower daytime temperatures in those areas
(Kennedy 2014)seasurface temperatures in the central Pa€fean, which affect storm patterns
(Meehl, Arblaster, and Chung 201@nd air pollution from aerosalbat scatter or reflect sunlight

(Leibenspergeretal. 2012)hi s pattern, someti mes call

warming trend) has reversed since the year 2000 and the southeastern United States is now warming

at a rate similar to surrounding regidiMeehl, Arblaster, and Chung 2015)
8
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Why is the climate changing?

The sunds enerapyghorewate eadiaiont TihheeEarkh and itshatmosphere reflect

some of this energy back to space, while some of it naturally passes through the atmosphere and is
absorbed by t (rigureBa.r tThhdiss saubrsfoarcbeed ener gy war ms
then reradiated back out to space as long wave radiation. However, some of the long wave
radiation doesnd6t make it to grpeahoese gasei(GHGS)s abs
warming the surface and keeping the planet warmer than it would be without an atmdpkere.

natural process is what makes the earth habitable. Howewd,GHGs are naturally occurring in

the atmosphere, human activity isi@asing the amounts GHGsemitted directly to the

atmosphere. Carbon dioxide, methane, and nitrous oxide are major GHGs. Carbon dioxide (CO
released through the burning of fossil fuels such as coal, natural gas, and gasoline, and accounts for
about75% of the warming impact of these emissions. Methane (from such sources as livestock,

fossil fuel extraction, and landfills) accounts for about 14% of the warming impact from GHG
emissions, and has a much more potent effect on global warming per gest i@leased.

Agriculture contributes nitrous oxide to the atmosphere from fertilizers and livestock waste; it is the
most potent GHG and accounts for about 8% of the warming.

By increasing levels of GHGs, humans are intensifying the natural effect wingathe planet.
Heat from the sun can still get in, but more and more of it cannot get back out again.

Figure 3: The Greenhouse Effect. Source: New York StatBepartment of Environmental Conservation;
http://www.dec.ny.gov/energy/76533.html

Earth's Greenhouse Effect

Greenhouse gases let the sun’s short wave
radiation (visible light) reach the earth, but trap some of the
long wave (infrared or heat) radiation coming from the warm earth.
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earth’s surface
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Atmosphere
Carbon Store

Warms the earth's surface

By comparing the amount of carbon dioxide in the atmosphere to changes in temperatures, we can
see that the rising global temperatures are correlated to rising carbon daxedatrations in the
atmosphereKigure4). In Figure4, the blue bars repsent years with an average temperature lower
than the longerm global average of 5F and the red bars are years in which the temperature was
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warmer than average. The black line traces the amount of carbon dioxide in the atmosphere (in
parts per millio, or ppm).

Although we see a lontgrm trend toward higher temperatures, there are stilitgegsar
variations in temperature that are due to natural processes such as the effects of the El Nifio
Southern Oscillation (ENSQa shift in global atmosphercirculation patterns), which can cause
global temperatures to quickly rise during El Nifio years and cool during La Nifia years.

Figure 4: The corresponding rise in CQ and global temperatures. Source: http://nca2014.globalcharggov/report/our-
changing-climate/observedchange#tab2images
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The strong relationship between temperature and amount of carbon dioxide is apparent, and
scientists have been able to perform more detailed experiments to confirm that the increasing
amountof GHGs are the cause of the warming. Since a controlled experiment cannot be conducted
in the real world by raising and lowering overall GHGs, scientists build mathematical models of the
Earthds systems usi Riguresshawp resules of an expérimentwgth ap h i n
climate models in which scientists compared natural warming factors such as periodic changes in
how much energy the Earth receives from theauhvolcanic eruptions with the temperatures that

had been observed since 1895. They found that the natural warming factors (the green shaded area)
do not match up with the observed temperatures. But when they added in humaii Gid&es

1C



emissiond alongwith natural processes (the blue shaded area) they found that their results
matched very well with the observed temperatures.

Figure 5: Results from a model experiment to compare natural warming factors with observed temperature changes since
1895. Source: Third National Climate Assessmenhttp://nca2014.globalchange.gov/report/ouchangingclimate/observed
change#tab2images
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Climate Change Adaptation Planning

Climate change adaptation planning is the process of planning to adjust to new or changing
environments in ways thédke advantage of beneficial opportunities and lessen negative effects
(Melillo, Richmond, and Yohe 2014)

The process of climate change adaptation planning can be similar toestherce management
planning processes and generally includes the following steps:

Identifying risks and vulnerabilities

Assessing and selecting options

Implementing strategies

Monitoring and evaluating the outcomes of each strategy

Revising strategieand the plan as a whole in response to evaluation outcomes

= =2 =4 -8 -4

Figure 6: The Adaptation Process. Sourcéttp://nca2014.globalchange.gov/report/responsstrategies/adaptation
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Key questions to ask community members, resource managersion makers, and elected
officials when considering climate adaption are:

What are the communityoés goals and objectiwv
What resources or assets need to be protected from climate change impacts?

How will the resources be protected?

f What actions are necessary to achieve the ¢

= =4 A

Adaptation strategies can range from shentn coping actions to longéerm, deeper
transformations. They can meet more than just climate change goals alone and should be sensitive
to the canmunity or region; there are no eaeefits-all answergMoser and Eckstrom 2010)

The process of planning for climate change adaptation has already begun in many places. The

federal government has required each federal agency to deveddjgtation policyExecutive
Office of the President 2013yifteen states and 176 cities have climate change adaptation plans.

12



Baseline Climate Data for Coconino County

To better understand thagt and current climate of Coconino County, we examined the
instrumental weather and climate records from 1895 through the present. WeeuB&ISM
(Parameteelevation Regression on Independent Slopes Mald¢hset
(http://prism.oregonstate.eduivhich begins in 1895 with the first consistently recorded
instrumental climate records. Climatologists refer to the period from 1895 to the present as the
Ai nstr ume n tiod PRISMeuses thedgionafweather station observations to estimate
climate variables for 2:kile (4-km) areas in a continuous grid across the United Sitdy et al.
2002)

The stations used in PRISM mainly come from the National Weather Service Cooperative Observer
Program of the National Oceanic and Atmospheric Administration, which have the longest
continuous record of weather datdowever, data from other weather stations are included if they
have at least 20 years of data.

PRISM accounts for variations weatherandclimate due to complex terrain, rain shadows,
elevation, andspect all of which affectweatherand climateaaoss Coconino County

Temperature in Historical Perspective

Between 1895 and017, the annual average temperature ac@mssonino Countyas52.3 F.
However, yeato-year the averages have ranged flmetow 49.9 Fin 1912 to55.4 Fin 2017
Although yea#to-year changes in temperature are natural and expected in this region, we see a
fairly consistenincreasingrend in annual temperatures since the-&#80s. In Figure7, the

straight horizontal line represents the ldegn averageyrangebars represent years with abeve
average temperatureand bluebars represent years with belawerage temperatureglmost

every yearsince 1985has seeraverageannual temperatures above the longerm average

13
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Figure 7: Average annual temperatures for Coconino County from 1895 2017.
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Disaggregating temperatures as average daily maximum, average daily minimum, as vezllas o
average allows us to identify patterns in the ways in which warming is impacting a region.
Maximumannual average temperature tells us the average of all the warmest (typically afternoon)
daily temperature readings in an afg@imumannual averageemperature tells us the average of

the lowest temperature readings, which typically occur in the early morning. Overall average is the
average of both maximum and minimum temperatures for an area over a given time.

In Figure8, we see thaminimumannual average temperatures (shown in yellowLfmronino
Countyhave been rising faster themaximumgshown in red). This pattern indicates ttre
warming trend is mostly being driven by rising low temperatures such as days not being as
cold and fewer cold days each year (see Temperature Extremes section below)

14



Figure 8: Annual average maximum (red), minimum (yellow), and overall average (orange) temperatures f@oconino
County from 18957 2017
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Precipitation in Historical Perspective

As is normal in thesouthwestern United Statggecipitation acrosSoconino Couty is highly

variable and has ranged fraer 226 inches in1905to below 6.9inches in 1956The average
precipitation across Coconino County between 18@b29€17was 13.7 inches pgear Figure9).
In Figure9, greenbars represent years with abeaxerage precipitation and browars represent
years with belowaverage precipitation.

Coconino Countyas experienced two periods of generally abmwerage precipitatiorpluvials),

which are noted with light green shadinghe most distinct pluvials occurred from 1905 through

the mid1920s, and agan in the late 1970s through the ri@90s. Multiyear drought periods
(multiple years with belovaverage precipitationpoted with light brown shadingccurred in the
late 1800s t@arly 1900s, 1950s, and early 2000s.

15



Figure 9: Average annual precipitation for Coconino County 1895 2017
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Temperature Extremes

Temperature extremes data can be calculated using a single weather station in a relevant location.
Using data from the weather statiatflagstaff Pulliam Airportwe can track daily extreme
temperatures back to 195Brior to 1950, data collection at the airport was inconsistent and,
therefcgre, the data are not reliable enough to use in asenmes analysis such as the ones presented
below.

Since 1950theaverage hghest daily maximum temperatuitbe aveage of the hottest temperature
for each yearecorded at the airponyas91.2 F; the highest recorded daily maximum in that time
period is 97 F in 1973(Figure10).

Figure 10: Maximum daily temperatures recorded at the Flagstaff Pulliam Airport for each year from 1950 2017.
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3 The data from the airport weather station are available frolfN@#®A National Centers for
Environmental Information (NCEI) Daily Observational Data Map
(https://gis.ncdc.noaa.gov/maps/ncei/cdo/daily
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We also looked at how many days per year exceeded a comfortable heat troe88ofefor

Flagstaff resident@~igure 11). While there are a number of definitiooEhumancomfort or

heatwave thresholgdbere we chose to rely on a threshold suggested by Flagstaff resderkts

Since 1950, Flagstaffas experienced an averagewb daysper yeain which the daily maximum
temperature hassen abové®0 F. In some years, which are blank in the figure, temperatures never
reached the 90F thresholdln 1974 and 1990 temperatures exceeded thé $#reshold 12nd 11
times, respectively. In 2017, Flagstaff experienced seven days above théheéeshold.

Figure 11: Number of days in which the maximum temperature exceeded 9B at the Flagstaff airport from 19507 2017.

days with maximum temperature over 90 °F
Flagstaff Pulliam Airport 1958-2017 average = 2 days per year
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The averageowest daily minimum temperatuie@m 19501 2017 (aerage of the lowest
temperaturdor each yearecaded at the airport) i€9.3 F. Thelow daily minimum temperatures
haveranged from23 Fin 1978, 1985, and990 to as high as ¥ in 1981(Figurel12). Since 1991,
thelowest daily minimum temperature hastended to be above the longerm average

Figure 12: Lowest daily minimum temperatures recorded at the FlagstH Airport from 1950 -2017.
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Given the importance of Flagstaffoés winter
threshold of 32F (temperature at which snawnelty. Since 190, Flagstaff has averaged 1&4ays
per yeamwith minimum temperaturdselow32 F (Figurel13). In Figure13the straight brizontal

line represents the average number of days with temperatures beléwbB# bars represent years
in which days below 32F have been higher than the letegm averageand orange bars represent
years in which those days have been below thg-term average.

The number of days has ranged fromaximumof 230in 1971to aminimumof 170 daysn 1992
Consistent with the data showing that temperature trends aredvaeieg by increasing low
temperaturegFigure8), we note thain the 31 yearssince 1985Flagstaff has experience fewer
cold days(below 32 F) than in the time period from 19507 1985 As is expected with natural
temperaturevariability, there havetill been some years above the ldagn averagéuring this
more recent period

Figure 13: Number of days in which theminimum temperature fell below 32" F at the Flagstaff airport from 195071 2017
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The growirg season is generally considetkd time between the last freeze (<Bin the spring
and the firsfreeze (<32 F) in the fall. In Coconino County, the average growing season since
1950 has been 114 days per yéagirel4). The shortest season was in 1968, with only 74 days.
The longest season was 164 days in 199ght of the last 10 years have seen above average

growing seasons in Flagstaff.

Figure 14: Length of growing season based on temperatures at Flagstaff Airport 19502017
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Future Temperature and Precipitation Projections for Coconino County

The Intergovernmental Panel on Climate Change (IPCQxhab the international body convened
to assess climate changes and impacts across the globe, has developed a ssteoiaioosto

project possible future climates for the world as a wHdiierentlevels of GHGgeleased into the
atmospherevill have different impacts on warming temperatuhe®rder to show this range of
possible outcomes, climate scientists Representative Concentration PathwafRCPs), which

are based on the current rates of GHG emissionsstidated emissions up to 210@sed on
assumptions aboglobal levels okeconomic activity, energy sources, population growth and other
socioeconomic factorsThese scenarios are then used in Global Climate Models (GIGMs)
estimate future global average temperatures.

GCMs cannot firmly predict future climate patterns, but they are useful tools that point us toward
likely futures, based on the best currently available science. There are two main sources of
uncertainty regardinglimate projectionghat should be kept imind when considéng future
climate scenariosirst, there is aange of possible waysimans will choose to manager
emissions oflGHGsin the future The four different RCPs are one way to explore these different
possible emissions scenarios and gateeclmate projections for each o secondsource of
uncertainty is the ability of the GCMs to capture the complex global climate system. No single
climate model can perfectlgnitate such a complex systefor example, climate scientists tend to
trug models to project theirectionof change (such as temperatures rising), but they have less
confidence in the ability of models to project thagnitude of changdexactly how much
temperatures will rise). The approach to reducing this source of untgitaio usé¢he average
projections frommany different models rather than rely on any single model.

The following summaries of projectioindaoth for the globe and for Coconino Couiityse both
RCPs and an average of multiple climate models to raglucertainty and provide reasonable
estimates of possible future climates for both scales of analgde1l summarizes the
assumptions and projections for all foUCIRs.

Table 1. Assumptions and Projections for each Representative Concentration Pathway.

Scenario Assumptions Projected Temperature
Increase

RCP 2.6 ABest Ca s -eassBneesthaathroughdo | Global average

blue line and policy intervention, GHG emissions are reduce( temperature increase of

shading by 2020 and decline to around zero by 2080, | 2.5°F (1° C) by the year
|l eading to a slight r|2100.
by 2100.

RCP 4.5 Assumes thabHG emissions will pealat around | Global average

agua bar shown| 50% higher than year 2000 levéisabout 2040 | temperature increase of

only to theright | and therfall. 4°F (1.8° C)by 2100

of the chart
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Scenario Assumptions Projected Temperature
Increase
RCP 6.0 Assumeshat emissions wiltlouble by 2060, therl Globalaverage
yellow bar fall but still remain above current levels through temperature increase of

shown only to
the right of the
chart

2100.

5°F (2.2° C)by 2100.

RCP 8.5
red line and
shading

AWor st Ca s-AssiBneeGH& emissior
continue to grovat aurrent rate through 2100.

Global average
temperature increase of
more than 8F (3.7° C)
by 2100

Figurel5shows the projected global temperature increases using the four RCPs. The green line that
runs from 1900 (far left of the timeline) through 2014 represents the observed global average

temperé#ure for that period of timéllhe shading around each solid line represents the range of
results from the multiple GCM#bat areused to generate the average projections (solid lines).
Although there is a range of possible temperatures for each scelnayiayé all projecting rising

temperatures.
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Figure 15: Projected global temperature increases using the four Representative Concentration Pathways (RCP) scenarios.
Source: https://nca2014.globalchange.gov/repofbur-changing-climate/future-climate-change
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GCMs that were built to cover the whole globe can be focused on smaller regions through a process
of downscaling We usedstatistically downscaledlimate modelso compile climateprojection

datafor Coconiro County which is a small enough area to capture the trends expected tdtedfect
county, but big enough that we have confidence in the accuracy of the projections. In this study, we
analyzed downscaled climate projection data from one modalfiR0 differentglobalclimate

modek usingtwo of thescenarios described in Figutdi RCP 4.5 and RCP 8.5. At present, RCP

4.5 represds an optimisticlower-emissionscenario, while RCP 8.5 is closerdor current

higher emissiontrajectory.

Downscaled model projections fGoconino CountyFigurel6) show a range of possible future
temperature increases, fratmost 6 F higher than the 19882005 averagér RCP4.5(orange
line and shadingto over10° F higher for RCP 8.5 (réthe and shading If GHG emissions
continue at their current rate, tbeuntycould be significantly warmer, as indicatedtbhghigher

4 Annual values of differences in average temperature relative to the perio@a@8@nd based on
daily 1/16degree Localized Constructed Analagatistical downscaling of CMIP5 global climate
model projectionslgca.ucsd.eduusing RCPs 4.5 and 8.5. Averages are computed from data
overlying Coconino County
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(RCP 8.5 scenarioThe projections ofCoconinoCountyp s average temperature
higher than projections for the global average temperature.

Coconino Countydés current FEhbyrhe and of the centuaydt eould e mp e
be between 58F (lower scenario) and 6F. ForcomparisonSi er r a Vanmudl averagd Z 6 s
temperature now is approximately @3 Projections for the year 2050 range frorb 4F higher

than the current average, which is similar to the current average temperaturecpfetdue, NM.

Figure 16: Downscaled model projections fotCoconino Countyshow a range of possible future temperature increases, from
3° F higher than the 1986 2005 averagdor RCP 4.5 (orange ling, to 10° F higher for RCP 8.5 (red ling.
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While the projetions fortemperatureshav possible increases in batbenariosthe projections

show little-to-no change in annual averagerecipitationfor Coconino County, even under the
higher RCP 8.5 scenariqFigurel7, dark blueline). Figure17 shows the projected percent change
in total precipitatiorfor Coconino Countyrom the 19862005 average. None of the models show
more than a few percentage points of change in either direction (more or less rain). The current
average precipitation in thmunty is about 13.ihches per year. The model projects show a
possible change of about 5% in either direction (higher or lower), which translates to abant half
inch more or less each year.

It is important to note that modelipgecipitation for this regiohas proven very difficultjue to

the multiplephenomenon that influence this region, including the EI Nifio Southern Oscillation
(ENSO), the Pacific Decadal Oscillation PDO), and the North American MonsotmeF
projections abouannual averagprecipitation inthe Southwest regicaremuch less céain than
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projections of future precipitation in other parts of the couf@grshunov et al. 2013)However,
even if there is no changén total precipitation, Coconino County could become much drier as
projected warmer temperatureswill mean more evaporationof surface water and more
transpiration (use of water by plants), which will further dry the soil, with the potential
changes in soil moisture particularly large in the winter and spring Figure18). Changes related
to storm intensity and patterns are discussed below.

® The authors of the 2013 Assessment of Climate @dhamthe Southwest United States expressed
only mediumlow confidence in projections related to precipitation changes in the rg@u@npeck
et al. 2013)
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Figure 17: Downscaled projections of annual @eerage precipitation for Coconino County usingRCP 4.5 and 8.5No trend in
future pr ecipitation is clear from the analysis.
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Figure 18: Projected changes in soil moisture by 2100 using the high emissions scenario. Source:
https://science2017.globalchange.gov/chapter/8/
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Recent research on the North American Monsoon points to changes that may affect Coconino
County and FlagstaffVarmertemperaturebave expanded and intensified the North American
monsoon ridge, resulting fiewer stormsacrossArizonaduring the peak ohie monsoon season
(late-July to midAugust)(Lahmers et al. 2016T hisgenerallyhas led ta decline in seasonal
precipitationtotalsduringthe last 30 years (19802010) as compared to the period from 1948
1979 particularly in lowelevation desert areéilsuong et al. 2017)Even though there have been
fewer storns, the most extreme storms have become more intense (as measured by amount of
precipitation and wind gusts). This is becaasearmer atmosphere can hold more moisture, which
in turncan contributéo more extreme precipitation evenB8etween 1980 and 20, during the

latter part of the monsoo(mid-Augustto September)some higher elevation areas have
experiencedncreassin total precipitationamountsas thunderstorms that develop over thrsain
(such agarts ofnorthern Arizonahavemovel less frequentlynto the lower desert§hese storms
have stayed in more mountainous areas, which also inctéaskmd potentialin thoseareas
(Lahmers et al. 2016 hesepatterns are projected to continue into the futwieile the overall
average anount of precipitation may not change(or may decreasg we may receive that
precipitation in fewer, but more intense stormgCastro 2017)
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Projected Temperature Extremes

The average number of days above BOn Flagstaff (se€igure 11) is 2 days per year (between
1950 and 2017)The projected changein the number of days above 90F (Figure19) range
from just under 30 days per year (lower scenario) to as many as 80 days per year (higher
scenario)by the end ofthis century.

Figure 19: Projected changes imumber of days in which maximum temperatures reach 90F in Flagstaff.
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The historical record indicates that Flagstaff has experienced an average of 197 days per year in
which the minimum temperature reaches BZseerigure13). Projections for Flagstaff indicate

that the number of daykat fall belowthe freezing point could decredsg45 to 90 days, for RCP
4.5and 8.5 respectively(gure20). By the year 2100, Flagstaff could experience as few as 100
days that reach freezing temperatures

Figure 20: Projected changes in number of days in fich minimum temperatures fall below 32 F.
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Based on the projected temperature changes for Flagstaff, the growing season is likely to change as
well (Figure21). The season is likely to increase by between 48 (REP 4.5) and 70 days (RCP
8.5) by the end of the century.

Figure 21: Projected changes in length of growing season for Flagstaff.
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Climate Summary

Based on an examination of Flagstaff and Cocon
a clear warming trend. Although natural variability will always exist, meaning some years will be
warmer and some colder, the overall trend is toward wamengodratures; in particular, low

temperatures are nand will not beas low as in the past. Although there are no clear tiends
precipitation, the warmer temperatures will contribute to an overall drying $emnde key changes

that are likely to affecFlagstaff and Coconino County include:

Changes imfemperature

1 Average temperatures in Coconino County have been rising since about th@8sl
Almost all years since 1985 have had average annual temperatures above-tégriong
average.

1 Minimum temperatures, which manifest as days not being as cold and as fewer cold days per
year, ardargelydriving the upward trend in temperatures.

1 These trends are projected to continue into the future. Scenarios for Coconino County
indicate that averagtemperatures could be B above the current average (5253 by
2050 and more than 1@ above the current average by the year 2100.

Changes irPrecipitation

1 Precipitation hakistoricallybeen variableas is normal for this region. There is no clear
trend toward changes in average precipitation amanr@sconino County.

1 The same variability is present in future projections of precipitation with no clear indication
about changes in overall average amounts.

1 Risingtemperatures willhoweverjncreag evaporatiomnd transpiration rateshich will
lead to drier soils andontribute tamore frequent and severe drought.

1 Rising low temperatures also indicate a likely change from precipitation falling as snow to
more of the precipitation falling as raiuring colder months of the year.

Changes irfExtreme Temperatures
1 From 1950 2017, the average number of days aboveib Flagstaff wa 2 das per
year.The projected change in the number of days abové& #as high as 80 days per year
by the endf this century.
1 On average, Flagstaff has experienced 197 days per year in which minimum temperatures
drop below freezing (32F). By the year 2100, Flagstaff could experience as few as 100
days that reach freezing temperatures.

The implications of theschanges for Flagstaff will be discussed in climate vulnerability assessment
process, which will be completed in the spring of 2018.
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Additional Resources to Support Climate Change Adaptation Planning

The National Climate Assessment; Adaptation Chapter
http://nca2014.globalchange.gov/report/respesisateqies/adaptation

Climate Adaptation: The State of Practice in U.S. Communities
http://kresge.org/climatadaptation

Climate Adaptation Knowledge Exchange
http://www.cakex.org/
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Glossary

AspectA sur face feature of | and: the direction a
amount of sun exposure it receives, so aspect affects temperature, humidity, and the type and
amount of vegetation in a particular place.

Climate: The averages and fperns of weather over time for a particular area, such as temperature,
precipitation, humidity, and wind.

Climate projectionsEstimates of future climatic conditions, usually made with mathematical
models using different rates of greenhouse gas emssareate different possible future
scenarios.

Climate trends:Changes in climate in a particular area that have been observed over time, such as
increases or decreases in average temperatures or the amount of annual precipitation.

Downscaling:Variousmethods that use data from global climate models to derive climate
information for smaller areas of the world, such as specific regions (U.S. Southwest, for example).

Greenhouse gas (GHGAny of theatmospherigaseghatabsorbdongwave, olinfrared,radiation
that otherwise would pass from the Earthoés sur
Theyincludecarbondioxide (CO 2), methangCH 1), nitrousoxide (NO 2), andwatervapor.

Magnitude of changeln climate models, the magnitude of change is how much the climate is
projected to change over a given period of time. Climate scientists generally have more confidence
i n model sd& a bdirectionof chéange, suah asjwhather it wilh e teoin the future;

but not exactly how much hotter it will be.

Normals period A reference period that is used to create standard climate statistics/e&r30

period was recommended by the World Meteorological Organization in the early 1900s as the
minimum number of years to use in the calculation of climate averages. The current normal period
is updated each decade to reflect the most recent 30 years. The current normal perid@10981
and will be updated again in 2021 for the period of 12920.

Pluvial: A period of time, often multiple years, in which a particular area experiences abundant or
well-above average precipitation.

Representative Concentration Pathways (RCBEenarios of different levels of greenhouse gas
emissions that are used tdieste future global temperatures. The four RCPs used by the
Intergovernmental Panel on Climate Change are 2.6, 4.5, 6.0, and 8.5; the numbers represent
changes in radiative forcing, or the amount of outgoing infrared radiation relative to incoming
shortware solar radiation, at the top of the atmosphere.

Scenario:A description of a possible future state of the world. Scendda®mtrepresent whawill
happen; they represamhat could happergiven our activities and choices.
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Statistical downscalingCorrelating historical local and regional observations with data from global
climate models to derive climate projections at local and regional scales.

Variability: A term to describe yedp-year changes in climatic conditions such as annual
temperatur@nd precipitation.

Weather:The dayto-day conditions in a particular area, such as temperature, precipitation,
humidity, and wind.
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Appendix A: Discussion of seasonal historical and projected climate data
Winter (Decemberi February)

Between 186 and 2017, the average temperatueng winter (Decembef February) across
Coconino County was 34.5° F (represented by the straight horizontal line in Aigurélowever,
yearto-year the averages have ranged from bel6W’Z in 1933 to 39.5° F in@®5.Most winters
since the miel980s have been above average. There have still been winters withavelage
temperatures, however, these winters have beemer than in previous years, with no years
experiencing a wintewith average temperatureslder than 32° F.

Figure Al: Average temperatures during Decembei February for Coconino County from 18% 71 2017.
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In Figure A2, below, we see that minimum winter average temperatures (shown in yellow) for
Coconino County have beeising faster than maximums (shown in red§ing minimum

temperatures play a larger role in pushing average temperatures higher. We see the same trend with
annual agerage temperatures (see Figuye 7
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Figure A2: Average maximum (red), minimum {/ellow), and overall average (orange) temperatures during Decembér
February for Coconino County from 18%6 1 2017.
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Total winter precipitation averaged 3.8 inches for Coconino County fror6 12917 (Figure A3)
and ranged from2.3 inches in 1998 049inches in 2006. Therlis no discernible trend in amount
of winter precipitation, just as there is no discernible trend in annua g @recipitation (see
Figure9).

Figure A3: Total precipitation during Decemberi February for Coconino County from 18% 171 2017.
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Figure A4 shows projections of average temperature for Decantiedruary. Average winter

temperatures are projected to figeover 9 F above the longerm average of 34.5- by 2100
under thehigher scenario (RC8.5).

Figure A4: Downscaled model projectionsf average temperaturefor Coconino County during Decemberi February.
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Projectiondor precipitation show littleo no change in average winter precipitation for Coconino
County(Figure A5, just as with annualverage precipitatiorHowever, even with no change in
precipitation, higher winter temperatures will result in more pretipit falling as rain than snow
and will increase evaporation. Thdaetors will likely lead taeduced snowpack and streamflows.

Figure A5: Downscaled projections ototal precipitation for Coconino County during Decemberi February.
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Spring (March i May)

Between 1895 and 2017, the average temperdturag pring (Marchi May) across Coconino
County was 50.1° F (represented by the straight horizontal line in FA@yreHowever, yeato-
year the averages have ranged from below 45.1° Blii fio 55.9° F in 1934. Just like with annual
average temperatures, spring temperatures have been mostly above average sineE@@smid

Figure A6: Average temperatures during Marchi May for Coconino County from 18951 2017.
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Again, when looking at maximum and minimum temperat(ffegure A7), minimum spring
temperaturemore frequently been above the lelegm averagesimilar to the trend seen in annual
average temperatures and winter temperatures.

Figure A7: Average maximum (red), minimum (yellow), and overall average (orange) temperatures during MarchMay for
Coconino County from 1895 2017.
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Total springprecipitation average®.6inches for Coconino County from 1892017 (FigureA8),
and ranged from 6.iBiches in 1941, to 0.4 inches in 19&Mnce 2006, all but one year has been
below average.

Figure A8: Total precipitation during March i May for Coconino County from 1895/ 2017.
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FigureA9 shows temperature projections for Coconino County in spring. Temperatures are
projected to increase by as much aSA@bove the longerm average of 50.F, similar to what is
projected for annual average temperatures and winter temperatures.

Figure A9: Downscaled model projectionsf average temperaturefor Coconino County during March i May.
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Precipitation projections for spring, unlike those for winter and for annual average precipitation,
appear to showa downward trend through 2100 (Figure A10). By 2100, the higher scenario (RCP
8.5) projects precipitation to be-20% below average for Mar¢hMay. This projected change

may reflect anticipated changes in the jet stream, which may move north andthedogmber of
spring storms in our regidfEasterling et al. 2017)However, confidence in projections of
precipitation are not generally as strong as confidence in temperature projections because the
climate models do not capture variables like the North American monsoon well, which contributes
to less accuracy in the projections (Gershunov et al. 2013).

Figure A10: Downscaled projections ototal precipitation for Coconino County during March i May.
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Summer (Junei August)

Between 1895 and 2017, the average temperdturneg summer (JunieAugus) across Coconino
County wasr’0.9 F (represented by the straight horizontal line in Fig\lk#). Yearto-year
averages have ranged from belé®:C Fin 1965to 74.3 F in2002 Sincethe year2000,all
years have experienced at or abovaveragetemperatures

Figure A11: Average temperatures duringJunei August for Coconino County from 1895i 2017.
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Figure A12shows maximum, minimum, and average summer temperatures. As observed in other
seasons, minimum temperatures during the summer have been above average more frequently,
which is driving average temperatures higher.

Figure A12: Average maximum (red), minimum (yellow), and overall average (orange) temperatures durinjunei August
for Coconino County from 18951 2017.
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Total summeprecipitation averagedlinches for Coconino County from 1892017, and ranged
from 7.2inches in 1921, to 1.3 inches in 19@0gure A13) There has been no observed trend in
summer precipitation. However, as stated previously, there will be more evaporation as
temperatures rise, reducing streamflows and decressihgnoisture.

Figure A13: Total precipitation during Junei August for Coconino County from 18957 2017.
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Temperatures are projected to rise more in the summer than in winter or spring, with temperatures
projected to rise by almost 1 by 2100, based on the higher scenario (RCP 8.5) (Figure Al4).

Figure A14: Downscaled model projection®f average temperaturefor Coconino County during June i August.
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FigureA15 shows projected precipitation for Coconino County during summer. As with historical
observations we see no trend towards wetter or drier conditions in future summer precipitation.
However, changes in character and timing of extreme precipitation ewergsssible due to rising
temperatures (Gershunov et al. 2013; Castro et al. 2017).

Figure A15: Downscaled projections ototal precipitation for Coconino County during June i August.
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Fall (Septemberi November)

Between 1895 and 2017, the average temperdtureg fall (Septembér Novembe) across
Coconino County waS3.5 F (represented by the straight horizontal line in Figu®). Y earto-
year the averages have ranged f&0F Fin 1912to 56.9 F in2017. Since the mid1980s, most
years have experienced abegerage temperature¥)17 was the warmesyearon record for
Coconino County, and after breaking the year into seasons we can see that exceptionally high
fall temperatures played a large role in theannual record.

Figure A16: Average temperatures duringSeptemberi Novemberfor Coconino County from 1895i 2017.
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Figure A17 shows maximum, minimum, and average fall temperatures. As observed in other
seasongninimum temperatures during the fall have been driving the trend of higher average
temperatures.

Figure A17: Average maximum (red), minimum (yellow), and overall average (orange) temperatures durin§eptemberi
Novemberfor Coconino County from 1895 2017.
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Similar to winter and summemhére has been no observed trend in total fall precipitation (Figure
A18) Fall precipitatiorhas average8.3inches for Coconino County from 1892017 and has
ranged from 8.8&ches in 1972 to 0.7 inches in 1956.

Figure A18: Total precipitation during Septemberi Novemberfor Coconino County from 18951 2017.
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Projections of future temperatures in fall are similar to those of sunantiermodels showing a 22

F increase in temperatures by 2100 based on the higher emissions scenario (RCP 8.5) (Figure A19).
This is higher than what models are projecting for winter and spring. Model projections of
precipitation again show little to no tré for fall months (Figure A20).

Figure A19: Downscaled model projection®f average temperaturefor Coconino County during Septemberi November.
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Figure A20: Downscaled projections ototal precipitation for Coconino County during Septemberi November.
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