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 Montana's official climate data stewards.

* Provides high quality, timely, relevant, and
scientifically-based climate information and services
to Montanans.

* Operates the Montana Mesonet — an extensive and
growing network of weather, soil moisture, and
snowpack monitoring stations.
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Raise your hand if your home community
(state, town, reservation, etc.) has
broken a weather record
In the past few years.
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In the last 30 days, the CONUS has broken:

IS THIS NORMAL?

Daily Weather Rec d

NOAA Climate Data Onlin
S.. .Nncdc.noaa.gov/cdo-we atatools/recoras
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https://www.ncdc.noaa.gov/cdo-web/datatools/records

Montana July 15 to August 15
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Montana Odds of 2022-like July 15 to August 15 in 1978

Climate

Office = Average Maximum Temperature in Missoula, MT
100 °F

The cognitive dissonance of climate change
An event can be simultaneously
record-breaking

and
increasingly common
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Game Plan

1. Observed trends and climate outlook
2. Risk in a changing climate
3. Tools for Assessing Climate Risk
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Valid 8 a.m. EDT
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¥ Drought Impact Types:
r~ Delineates dominant impacts

S = Short-Term, typically less than
6 months (e.g. agriculture, grasslands)

s

L = Long-Term, typically greater than
6 months (e.g. hydrology, ecology)

Intensity:

[] None

[] DO Abnormally Dry

[] D1 Moderate Drought
[0 D2 Severe Drought

I D3 Extreme Drought
I D4 Exceptional Drought

Author:
Brad Pugh

CPC/NOAA
The Drought Monitor focuses on broad-scale conditions.
O Local conditions may vary. For more information on the
¢ Drought Monitor, go to https://droughtmonitor.unl.edu/About.aspx
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US Drought Monitor
January 4, 2000 \
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2024 Secretarial Drought Designations - All Drought
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Farm Service Agency

Program Delivery/Safety Net Division
April 3, 2024
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Secretarial Drought Designations for 2024
Disaster Incidences as of April 3, 2024
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B Primary Counties: 566
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U.S. Drought Monitor Class Change - CONUS
Start of Calendar Year
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Snow Water Equivalent Percent NRCS 1991-2020 Median April 8, 2024, end of day

Percent NRCS
1991-2020 Median
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Snow Water Equivalent Percent NRCS 1991-2020 Median April 8, 2024, end of day

Percent NRCS 1991-2020
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Snow Water Equivalent Percent NRCS 1991-2020 Median April 8, 2024, end of day
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Snow Water Equivalent Percent NRCS 1991-2020 Median April 8, 2024, end of day
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Normal Snowpack

Mid Atlantic-New England
10,336,982 Acre Feet

Missouri
21,814,487 Acre Feet
o
Upper Midwest

GreatLakes
13,028,982 Acre Feet
e

California-Great Basin
24,052,352 Acre Feet

Tennessee-Ohio
88,402 Acre Feet

Colorado
17,497,875 Acre Feet

Southern Plains
3,754,574 Acre Feet

The South
414 Acre Feet
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2024 Snowpack

Pacific Northwest
100,296,832 Acre Feet

Mid Atlantic-New England
6,718,931 Acre Feet

Missouri
17,355,819 Acre Feet \
Upper Midwest
41,316 Acre Feet

Great Lakes
1,891,924 Acre Feet

California-Great Basin
32,618,182 Acre Feet

Tennessee-Ohio
1,259 Acre Feet

Colorado
19,788,774 Acre Feet

Southern Plains
4,778,729 Acre Feet
The South
0 Acre Feet
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2024 Snowpack

Pacific Northwest
85.82%
<

v

Mid Atlantic-New England
65.00%

Upper Midwest
0 63%

Missouri Great Lakes
79.56% 14.52%
California-Great Basin \/4\1/\/("\/

135.61% \

{

v

| Colorado
| 113.09%

Southern Plains
127.28%
The South
0.00%
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2024 Snowpack

Pacific Northwest |,
20th percentile

Mid Atlantic-New England
30th percentile

Missouri
45th percentile |

Up;;er M'dWGISt GreatLakes
1t parcentile 15th percentile

California-Great Basin
70th percentile

“ Tennessee-Ohio
60th percentile

Colorado
75th percentile

Southern Plains
75th percentile

The South
80th percentile
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2024 Snowpack

GreatLakes
D1: Moderate Drought

Missouri
Neutral

Mid Atlantic-New England
Neutral

Upper Midwest
D1: Moderate Drought

California-Great Basin
WO0: Abnormally Wet

Tennessee-Ohio
Neutral
Colorado
WO0: Abnormally Wet

Southern Plains
WO0: Abnormally Wet
The South
Neutral
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La Nina winters

NOAA Climate.gov
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ENSO Since 2000

Oceanic Nifo Index (ONI)
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Summer 2024 Projections

Oceanic Nifio Index (ONI)
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Summer 2024 Projections

Oceanic Nifio Index (ONI)
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Official NOAA CPC ENSO Probabilities (issued Mar. 2024)

based on -0.5°/+0.5°C thresholds in ERSSTv5 Nifo-3.4 index
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La Nina winters

NOAA Climate.gov
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6-10 Day Temperature Outlook

Valid: April 14 - 18, 2024
Issued: April 8, 2024

6-10 Day Precipitation Outlook @

Valid: April 14 - 18, 2024
Issued: April 8, 2024
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8 14 Day Temperature Outlook

Valid: April 16 - 22, 2024
Issued: April 8, 2024

8 14 Day Precipitation Outlook @

Valid: April 16 - 22, 2024
Issued: April 8, 2024
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Monthly Temperature Outlook &

Valid: April 2024
Issued: March 21, 2024
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@&  Monthly Precipitation Outlook &

Valid: April 2024
Issued: March 21, 2024
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Seasonal Temperature Outiook & & Seasonal Precipitation Outlook &

Valid: Apr-May-Jun 2024 Valid: Apr-May-Jun 2024
Issued: March 21, 2024 Issued: March 21, 2024
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Seasonal Temperature Outlook @ @ Seasonal Precipitation Outlook @

Valid: Jun-Jul-Aug 2024 Valid: Jun-Jul-Aug 2024
Issued: March 21, 2024 Issued: March 21, 2024
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U.S. Monthly Drought Outlook Valid for April 2024

Drought Tendency During the Valid Period Released March 31, 2024

Depicts large-scale trends based

on subjectively derived probabilities

guided by short- and long-range

/’ statistical and dynamical forecasts.
Use caution for applications that

can be affected by short lived events.

"Ongoing" drought areas are

based on the U.S. Drought Monitor

areas (intensities of D1 to D4).

NOTE: The tan areas imply at least
a 1-category improvement in the
Drought Monitor intensity levels by
the end of the period, although
drought will remain. The green
areas imply drought removal by the
end of the period (DO or none).

. Drought persists

Drought remains,
but improves

. Drought removal likely

Author:
Adam Hartman
NOAA/NWS/NCEP Climate Prediction Center

Drought development likely
Wy I:] No drought
T 3 =2
. < g .
o e @)@
. - Islands . :

Hawai @ Puerto Rico @7 \> v

L. e 4
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U.S. Seasonal Drought Outlook Valid for Aptil 1.- Junie 30, 2024
Drought Tendency During the Valid Period Released March 31, 2024

Consistency adjustment
based on Monthly /

Drought Outlook for

April 2024

Depicts large-scale trends based

on subjectively derived probabilities
guided by short- and long-range
statistical and dynamical forecasts.
Use caution for applications that

can be affected by short lived events.
"Ongoing" drought areas are

based on the U.S. Drought Monitor
areas (intensities of D1 to D4).

NOTE: The tan areas imply at least
a 1-category improvement in the
Drought Monitor intensity levels by
the end of the period, although
drought will remain. The green
areas imply drought removal by the
end of the period (DO or none).

. Drought persists

Drought remains,
but improves

. Drought removal likely

Author:
Adam Hartman
NOAA/NWS/NCEP Climate Prediction Center

Drought development likely
y . I:] No drought
a o <= U.S. Virgin ,‘_ @
. - Islands. .
Hawaii ® Bueroiii e g‘n, V4 v

https://go.usa.gov/3eZ73
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Game Plan

1. Observed trends and climate outlook
2. Risk in a changing climate
3. Tools for Assessing Climate Risk
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Under stationary assumptions, drought
severity is exaggerated in locations that
are experiencing aridification and

ARTICLE =2 underrepresented in locations that are
getting wetter.

Drought assessment has been outpaced by climate
change: empirical arguments for a paradigm shift JEslS concept applies to other metrics

12%

Zachary H. Hoylman

T olinkol ™ & ke G commonly used in drought assessment.
Despite the acceleration of climate change, erroneous assumptions of climate stationarity are S h ifti n g to 30-year d ro u g ht Cl i m ato | Og i es

still inculcated in the management of water resources in the United States (US). The US 5 . ] .

system for drought detection, which triggers billions of dollars in emergency resources, = aCh Ieves the fOI IOWI ng goals g

adheres to this assumption with preference towards 60-year (or longer) record lengths for

drought characterization. Using observed data from 1,934 Global Historical Climate Network

(GHCN) sites across the US, we show that conclusions based on long climate records can D roug ht assessment better reflects prese nt
substantially bias assessment of drought severity. Bias emerges by assuming that conditions

from the early and mid 20th century are as likely to occur in today's climate. Numerical d roug ht riSk tO affected Com m U n ities;

simulations reveal that drought assessment error is relatively low with limited climatology

e ity W st ron oty it s o o o Greater standardization across datasets with
differing periods of record;

temporary assessments to more accurately portray present drought risk.

Better accounting for climate change into the
future.

Montana )
Climate a UNIVERSITY O

Office

ONTANA




POR bias exceeds +/-1 class during severe drought

45°N 4

40°N 4

35°N 4

30°N 4

25°N 4
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Daily Summer Bias (Very Dry Conditions, -2 > SPI)
30 Day SPI (June 1 - August 31, 1991-2020)

T T T T R
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Q) 5 (Dry Bias) 0 (No Bias) 0.5 (Wet Bias)
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Daily Summer Bias (Very Dry Conditions, -2 > SPI)
60 Day SPI (June 1 - August 31, 1991-2020)

Daily Summer Bias (Very Dry Conditions, -2 > SPI)
90 Day SPI (June 1 - August 31, 1991-2020)
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-0.5 (Dry Bias) 0 (No Bias) 0.5 (Wet Bias)

Bocinsky, Montana Climate Office
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POR bias exceeds +/-1 class during severe drought

Precipitation only (SPI) Precipitation and evaporation (SPEI)

Period-of-record bias during severe drought (>= D2), summer 2012—2021

<-1 -1 -0.75 -0.5 -0.25 0 0.25 0.5 0.75 1 >1

NATIVE
CLIMATE

Montana 6 isk in a Changing World
, ' Climate e LNV ER N sky, Montana Climate Office
Office - MONTANA ake City, UT — April 9, 2024




USDM declarations for severe drought (>= D2)

1 = align with century-scale climatologies

Demonstrable bias against declaring
drought in places that are getting wetter

“Nearly automatic” disaster relief triggered by
2_ the USDM primarily benefits aridifying

regions
Excess payments may be
undermining adaptation

3_ Climate change scenarios suggest amplifying

inequities in assistance

N If the money is there to begin with...
,e NATIVE )

) Badimee 2Rl 7 MONTANA



Summertime severe drought declarations

Period-of-record USDM 30-year

USDM declares severe drought more
often than either reference period

Precip. only (SPI)

Spatial patterns of POR (Southwest,
southern Rockies) align with USDM

30-year reference period emphasizes 7
drought conditions in Pacific NW

Precip. and evap. (SPEI)

Percent of months in severe drought (>= D2), summer 2012-2021
L s

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70%

‘%
s/

{ NATIVE
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Percent of years with secretarial disaster declarations for drought, 2012-2021

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

dine’ 2 DRl 7~ MOREANA

USDA Secretarial
Drought Disasters

“Fast Track” Secretarial disaster
designations for severe drought provide
for a nearly automatic designation
when, during the growing season, any
portion of a county meets the D2 (Severe
Drought) drought intensity value for eight
consecutive weeks or a higher drought
intensity value for any length of time as
reported in the U.S. Drought Monitor.

7 CFR § 759.5 - Secretarial disaster area
determination and notification process

: e Risk in a Changing World

ocinsky, Montana Climate Office
alt Lake City, UT — April 9, 2024




USDM triggers disaster declarations and relief
' Livestock Forage Program
B Eligibility Criteria

1 monthly payment:
D2 (severe drought) for at least eight
consecutive weeks

3 monthly payments:
D3 (extreme drought) at any time

4 monthly payments:
D3 (extreme drought) for at least four
consecutive weeks or D4 (exceptional
drought) intensity at any time

5 monthly payments:
D4 (exceptional drought) for any four
weeks

Livestock Forage Program payments, 2012-2021 — Total: $7,615,795,889 . .
S B ] 7 CFR § 1416.205 - Eligible grazing losses

$0 $10K $100K $1,000K $10M $50M

" Montana 6 in a Changing World
Climate UNIVERS RS , Montana Climate Office
Office N TA N A City, UT — April 9, 2024
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by

Livestock Forage Program, percent of average farm receipts, 2012-2021
B - s
'M%*& 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

/ NATlVE\"" =
Cuiif} ; ,'é‘l?,::ﬂga = DRI /\’\UNIVERSITY OF
Y 2 Office — MONTANA

USDM triggers disaster declarations and relief

Livestock Forage Program
Eligibility Criteria

1 monthly payment:
D2 (severe drought) for at least eight

consecutive weeks

3 monthly payments:
D3 (extreme drought) at any time

4 monthly payments:
D3 (extreme drought) for at least four
consecutive weeks or D4 (exceptional
drought) intensity at any time

5 monthly payments:
D4 (exceptional drought) for any four

weeks

7 CFR § 1416.205 - Eligible grazing losses

g World
ate Office
19, 2024



Drought bias affects disaster declarations and relief

Precip. only (SPI) Precip. and evap. (SPEI)

Regions where

B aridification is
5§ occurring and
58 climate adaptation

needed most.

Climate patterns
are shifting here
too, leading to an
under-assessment
of drought

Percent of months with severe drought bias, summer 2012-2021 CO n d |t|0 n S .
_

‘&_ 35% 40%
'NATIVE } ,
CLIMATE | M°“*°“° a UNIVERSITY OF anging World
g Climate NTANA 3 Cllme_lte Office
— Office April 9, 2024

30-year in drought
(POR not)




Drought bias affects disaster declarations and relief

Precipitation only (SPI) Precipitation and evaporation (SPEI)

r’
|
-y

- ﬁ,;- _.

Drought non-stationarity correction, summer 2012—2021
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Drought bias affects disaster declarations and relief

Precipitation only (SPI) Precipitation and evaporation (SPEI)

Under a 30-year reference period,
drought relief would have been

distributed differently, and would have
been substantially less costly.

Livestock Forage Program nonstationarity adjustment, 2012-2021 — Total: -$254,446,698

-$2.0M -$1.5M -$1.0M -$500K $0 $500K $1.0M $1.5M $2.0M
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POR-based drought relief

Percent of CONUS in severe drought (>= D2), summer 2000-2100

Period-of-record 30-year

(1dS) Ajuo “dioeid

% of CONUS

40

(13dS) "deas pue “dioaid

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

= Moderating Emissions (SSP1-2.6) —— Middle of the Road (SSP2-4.5) == High Emissions (SSP3-7.0) == Accelerating Emissions (SSP5-8.5)

Agriculture Risk in a Changing World
6 UNIVES Kyle Bocinsky, Montana Climate Office
N TA N A National Conference, Salt Lake City, UT — April 9, 2024
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Period-of-record

30-year

(%) st SDRI s
Office >

Moderating Emissions
(SSP1-2.6)

POR-based drought relief

Middle of the Road
(SSP2-4.5)

High Emissions
(SSP3-7.0)

Accelerating Emissions
(SSP5-8.5)

|| .
SR
=

7

Percent of months in severe drought (>= D2), Precip. and evap. (SPEI), summer 2041-2060

0% 5% 10% 15%

20%

25%

30% 35%

40%

Agriculture Risk in a Changing World

Kyle Bocinsky, Montana Climate Office

2024 ERME National Conference, Salt Lake City, UT — April 9, 2024



Period-of-record

30-year

\iz

POR-based drought relief

Moderating Emissions Middle of the Road High Emissions Accelerating Emissions
(SSP1-2.6) (SSP2-4.5) (SSP3-7.0) (SSP5-8.5)

POR-based drought declarations are 51.4_"4
likely to enter a state of “perpetual

drought” by the end of the century.

R,

b

Risk Buffering, or Subsidy?
o 2 3

Percent of months in severe drought (>= D2), Precip. and evap. (SPEI), summer 2081-2100

20% 25% 30% 35% 40%

MATE Montana S, DRI /\’\UNIVERSITY OF
Climat
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Recommendations for drought monitoring

1 Begin the transition to standard, regularly
= updated reference periods (climatologies).

2 Develop sector-specific drought assessments
* that align with adaptive capacity.

3 Engage more fully with climate projections in
" order to inform drought adaptation efforts.

{ /’ T \
'é‘; NATI V E

) Badimee 2Rl 7 MONTANA



Recommendations for policymakers

1 Ensure that [drought] relief programs are
= responding to contemporary risk.

2 Support drought monitoring as a tool for both
" risk assessment and climate adaptation.

3 Target adaptation in those places and sectors
" that are experiencing the greatest change.

{ /’ T \
'é‘; NATI V E
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Game Plan

1. Observed trends and climate outlook
2. Risk in a changing climate
3. Tools for Assessing Climate Risk
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Climate Change Risks and Opportunities in the US

Climate change is happening now in all regions of the US =T EGLGHEINNY TG E M Without deeper cuts in global net emissions,
of warming leads to climate risks to the US will continue to grow
Annual Temperature—;Annual Rrec’pitation Sealevel greater risks » Aperson born in North America in 2020 will experience
}\ more climate hazards during their lifetime, on average,
- w — Water supply than a person born in 1965.
- oy : : -
i Global W Above Preindustrial Level
-? Food security o oba armlong ove 0reln us rlz: evels Heatwaves
i Infrastructure 5] - ‘ 27°FER 4.3 W 6.3°F
. e . [0} 1
Warm Nights Heavy Precipitation o Health and wellbeing o ool
- ’\ Direction of Change £ 3x /| . rolplca
LN ; Ecosystems 8 aver cyclones - prought
K{ T, wt .I 1 ' g £ 2x{ Wildfires - floods — Crop
> > . @ Economy = fallure
B () Not applicable . £ -
gt = Livelihoods and heritage :,?:’

How much more the US warms depends on choices made today Action to limit future warming and reduce risks

Temperature Change Compared can have near-term benefits and opportunities
to 1951-1980 Average

» Future global greenhouse gas emissions from human activities
determine whether and how quickly the US reaches warming levels

associated with greater risks. —1°F | S 11°F tg\gr-gciﬁggg lari?%rt?z\alﬁt()j/ biﬁzlftirt]s Ebcgr?gfri?sic
D v i 5.5 e S O 06

AN vigh (ssp-7.

Climate Reduced risks  Reducedrisks M fi Social
(R DM () ccosyslems {0 biodversiy for adaptation  benefts

. > I i

7 N
/ A Fifth National Climate Assessment | U.S. Global Change Research Program | nca2023.globalchange.gov
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Projected Changes at 3.6°F (2.0°C) of Global Warming

Alaska Northwest Northern

: Average summer  Great Plains
Average winter i
tempe?fatures temperatures Nine fewer Midwest

increase by 3.9°F  zero-degree (0°F) Ten more days above

increase by 4.8°F n
' days each year 95°F each year

. Northeast

~ Minimum summer
temperatures
increase by 3.2°F

Southwest
Hawai‘i Annual
record high ; %
Annual 9 Southeast
temperatures temperatures  Southern Si d US Caribbean
i o 3.7°F hotter Great Plain Ix more days
increase by 1.8°F are reat Plains above 100°F Average summer
Eight moreodays each year temperatures
above 105°F increase by 1.7°F
each year
Temperature Change (°F)
| | | | Fifth National Climate Assessment
0 1 2 3 4 5 6 7 8 9 10 1 US Global Change Research Program
Global average ) t United States average nca2023.globalchange.gov

Montana ﬁ Agriculture Risk in a Changing World
Cllmate UNIVER Kyle Bocinsky, Montana Climate Office
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https://nca2023.globalchange.gov/

Changes in Seasonality

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

A Lake ice thawing 24 days earlier, freezing 10 days later since 1973°
hl

v

Spring snow melting 8 days earlier since 1940°
o

Alaska river ice breaking up 8 to 9 days earlier since the early 1900s°®

Spring snowpack declining; peak occurring 9 days earlier since 1955¢

|

Arctic sea ice melt season 38 days longer since 1979°

4 »
A} v

p Frost-free season length increasing by 4 days per decade since 1979°%¢

< v

Western wildfire season length 10 to 15 weeks longer since the early 1980s¢

h v

__Leaf and bloom dates occurring about 4 days earlier since 1981°

<

Cherry blossom peak bloom date occurring 6 days earlier since 1921f

_ Heatwave season 47 days longer since 19619 N

< 14

Ragweed pollen season 6 days to 3 weeks longer since 1995"

v

Growing season 2 weeks longer since 1985°

4
)}

v

Geographic regions represented by these examples:
“Northeast, northern Midwest; "western US, Northeast; ‘Alaska; “western US; °contiguous US; 'Washington, DC;

950 large cities across the US; "central US Fifth National Climate Assessment
US Global Change Research Program
nca2023.globalchange.gov

e 2Rl 7~ MORNTANA |
Office =& MONTANA City, UT — April 9, 2024

= Typical season length 4= == Observed shifts in seasonality
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Consequences are Greater at Higher Global Warming Levels

I us average temperature
The US warms more than the global

average compared to the preindustrial period.

Current (1991-2020) » Change

from toda

5.4°F (3°C))
7.2°F (4°C)»
50

52 54 56 58 60 62
F

B Number of days = 95°F
Y

The number of very hot days (95°F or hotter)
increases.

Current (1991-2020) » Change

from today

5.4°F (3°C)»
7.2°F (4°C)»

10 15 20 25 30 35 40 45 50 55
Days per year

NATIVE

CLIMATE J, " Montana

Climate
Office

B Annual average rainfall
Annual average rainfall totals increase

North St
Current (1991-2020) » P
Yy
™ Change

) from today
3.6°F (2°C)p
5.4°F (3°C)»
1.2°F (4°C)»

I T T T T 1

28 30 32 34 36 38

Inches

B Extreme precipitation events

More rain falls during the most extreme
precipitation events.

Current (1991-2020) »

Change
: from today
3.0°F (2°C))
5.4°F (3°C)»
1.2°F (4°C)»
20 22 24 26 28 30 32
Inches

UNIVERSITY OF

2 DRl o~ VoNTANA

rapidly in the North, more slowly in the South.

Current (1990-2020) »

Y RO (D0 )

54°-9.0°F
(3.0°-5.0°C) " |

Current (1991-2020) »

5.4°F (3°C))
7.2°F (4°C)»

[l US average sea level rise

Sea level rise (by 2100 compared to 2020)
is higher for higher warming levels.

*

1
0 10 20 30 40 50 60 70
Range in inches

B Coastal flooding events

Sea level rise drives an increase in the number
of major coastal flooding events per year due
to high tides alone.

0.05-0.1
AN—
I I I I I T 1
0 1 2 3 4 5 182 (everyother day)

Events per year

Fifth National Climate Assessment
US Global Change Research Program
nca2023.globalchange.gov

in a Changing World
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Projected Changes in Plant Hardiness Zones

Present-day climate normals
(1991-2020)

Midcentury projection
(2036-2065, under SSP5-8.5)

Late-century projection
(2071-2100, under SSP5-8.5)

USDA Plant Hardiness Zone

3a 3b 4a 4b 5a 5b 6a 6b 7a 7b 8a 8b 9a 9b 10a10b11a11b
EEEENY EEEE | | [ [
-40-35-30-25-20-15-10 -5 0 5 10 15 20 25 30 35 40 45 50 Fifth National Climate Assessment
L. US Global Change Research Program
Annual Average Lowest Minimum Temperature (°F) nca2023.globalchange.gov
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X Unhealthy

Impacts of Wildfire Smoke on Air Quality

(airdow @ Fire and Smoke Map v2.c

<)

O\ R""'g‘{)lonolk

£

Fot
sourn - ©

Air Quality Index

Good

© Moderate
® Unhealthy for
sensitive groups

@ Very unhealthy

@ Hazardous p- om |
NO data Leaflet | Powered by Esn | Esri, HERE, Garmin, FAO, NOAA, USGS, EPA, AAFC, NRCan
Identified active fire
1 Satellite fire detection

'é?i%‘? © Permanent particulate matter monitor
00 A Temporary particulate matter monitor
. - Low-cost particulate matter sensor
« Smoke plume extent

Agriculture Risk in a Changing World
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o NTANA 2024 ERME National Conference, Salt Lake City, UT — April 9, 2024




Snowpack Changes in the West

a) April 1 snowpack
(1955-2022)

Percent Change
@ %
@ 601080
@ 40to60
® 201040
e 0020
® 0to-20
® 20t0-40
® _40t0-60
@ 6010-80

® <%

Increase

Decrease

b)  Timing of snowpack peak
(1982-2021)

c) Length of snowpack season
(1982-2021)

Peak Snowpack Timing
Change (days)

@
@ 1502
10t0 15
® 5t010
° O0to5
® 0to-5
® 5110
® _1i-15
® 151020

®
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Later
[
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Snowpack Season Length

Longer

Shorter

Change (days)

>40
30040
20t0 30
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0to-10
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<-40

Fifth National Climate Assessment
US Global Change Research Program

nca2023.globalchange.gov

Agriculture Risk in a Changing World
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Rangeland Production

a) Trend of annual net primary production b)  Trend of annual net primary production
(1984-1999) (2000-2021)

Study area for time
series displayed in panel c)

Trend (pounds per acre)

I | [
23 -16 -08 0  +08 +16 +23

c) Annual net primary production (1984-2021)
3,000

2,800
2,600
2,400
2,200
2,000

1,800

Annual net primary production
(pounds per acre)

1,600

Fifth National Climate Assessment

1,400 P US Global Change Research Program
1985 1990 2000 2005 2010 2015 2020 nca2023.globalchange.gov
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Example Effects of Climate Change on the Food Supply Chain

Extreme Extreme Changing Changing
temperature rainfall Hurricanes Floods Droughts Wildfires ENSO seasonality

000060

Storage, processing,
and distribution

Production Retail and markets Consumption

Irrigation Electricity access Infrastructure Seasonal food availability
Crop health and selection  gtorage capacity, quality, and safety ~ Market and supplier access Food accessibility, cost,
Water quality o and usability
Import/export restrictions Product supply and demand
Worker health and safety Nutritional content
Input supplies and prices Labor supply Product cost

Consumer preferences,
Output yields and quality Transport networks and fuel prices Product waste choices, and means

Fifth National Climate Assessment, US Global Change Research Program, nca2023.globalchange.gov

Qmare” 6 UNIVERSITY OF e
Office N TA N A T — April 9, 2024
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Compound Events

a) Temporal compounding of events in 2020 and 2021

—— Ni

b) Spatially compounding climate-related disasters: September 15, 2020

Large wildfires across Oregon, Washington,
and California damage homes and
infrastructure. Wildfire smoke in western
states causes weeks of bad air quality
across the West.

Q Hurricane Sally, the 18th-named Atlantic

storm of 2020, is about to make landfall. It
brings widespread flooding, infrastructure
damage, and power outages to Louisiana,
Alabama, and Florida.

@ Drought 0 Wildfire @ Extreme heat Q Extreme thunderstorms % Wind @ Marine life

@ Hot sea surface temperature c Atmospheric river Q Hurricane 8 COVID-19

gy e e e g e

>
Nationwide 8 The COVID-19 pandemic limits access to, and the response capacity of, hospitals, cooling centers, and evacuation centers.

m@@@mmmmmmmmmm
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Recent Extremes: Flash Drought

Montana Percent Area in U.S. Drought Monitor Categories

100.00%
Intensity:
80.00% l:] None [:l D2 Severe Drought
60.00% |:] D0 Abnormally Dry I 03 Extreme Drought
[__] D1 Moderate Drought [l D4 Exceptional Drought
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20.00%
0.00%
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e Warm May and June temperatures and record low rainfall contributed to a
rapid dry-down across the state

A

e Impacts: 1.4 million acres burned, poor air quality, loss of crops and livestock, e
decreases in tourism and recreation, $2.6B in ag. losses across US N. Plains k&

{ NATIVE S— .
CLIMATE J, Montana 6 UNIVERSITY OF isk in a Changing World
) Climate (o sky, Montana Climate Office
Office o MONTANA ake City, UT — April 9, 2024




Recent Extremes: Atmospheric Rivers,
Snowpack and Flooding

Atmospheric Rivers Atmospheric River + Delayed Snowmelt

A strong AR transports an amount of water vapor roughly
equivalent 1o 7.5-15 times the average flow of water at the
mouth of the Mississippi River,

ARs are a primary feature in the entire global water
S and are tied and

flood risks, particularly in the Western US. ’

On average, about 30-50% of annual
ion on the West Coast occurs
fow AR events and contributes

er supply —and

June 11,2022, wnd of day
- %

E 130% - 149%
£ 1rox- 120%
0 0% - 109%

[ 0% -89%

B so%-09%

e Storm system of warm and extremely wet air

that originates from the tropical pacific.
One atmospheric river can transport as much
water as 7—15x the Mississippi!

Montana 6 ulture Risk in a Changing World
Climate UN!VERSHINSE yle Bocinsky, Montana Climate Office
Office N TA N A ce, Salt Lake City, UT — April 9, 2024




Recent Extremes: Atmospheric Rivers,

Snowpack and Flooding

Atmospheric Rivers

A strong AR transports an amount of water vapor roughly
equivalent 1o 7.5-15 times the average flow of water at the
mouth of the Mississippi River.

ARs hy
Je and

nmmmmmnmmus T

y feat global watel

e Storm system of warm and extremely wet air
that originates from the tropical pacific.

One atmospheric river can transport as much
water as 7—15x the Mississippi!

Montana 6 UNIVERSITY OF
Climat
e’ 2Rl 7~ MONTANA

Atmospheric River + Delayed Snowmelt

Yellowstone: On June 10-13th a
category 5 atmospheric river dropped 2—
4 inches of rain on melting snowpack.

1 in 500-year flood event!

Agriculture Risk in a Changing World

Kyle Bocinsky, Montana Climate Office

C nference, Salt Lake City, UT — April 9, 2024




Drought Monltorlng & Indlcators Dashboard

D ATMOSp, /Yg

UMRB Drought Indicators Dashboard ~MT Mesonet Drought Impacts ~ Documentation ~

ndels
https://drought.climate.umt.edu
30m resolution
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https://drought.climate.umt.edu/

BLM Climate and Remote Sensing Data
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https://reports.climateengine.org/

5th National Climate Assessment Atlas

* Climate trends and impacts

e Explore Climate Maps from
the Assessment

. StoryMap about Climate
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https://atlas.globalchange.gov/

Questions?

Montana
Climate

Office

kyle.bocinsky@umontana.edu
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EMRE Climate Workshop Survey 2
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What weather/climate resources are most useful
and trusted by Extension educators and your
communities and what else do you need?

URL: https://tinyurl.com/kmyye4vS5
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