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Global Land and Ocean

_|BURFAD DESFRVATID £ CRO33 FARIADA WERE NET Avad 48

A g

T T T T T T T T I |

1930 1340 1950 1960 1570 1980 1990 2000 o p—




Video from UCAR: Center for Science Education -

WEATHER AND CLIMATE https:/scied.ucar.edu/dog-walking-weather-and-climate
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Climate: Slower-varying aspects; Averages
over longer periods.

Weather: High-frequency changes in j\;
temperature, wind speed, etc; Caused by 5wt
imbalance of energy across the globe. ../" '
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https://scied.ucar.edu/dog-walking-weather-and-climate
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2022 TEMPERATURE SUMMARY: Dayton, Ohio

Midwestern Regional Climate Center

Warm Days

! Dayton is running ~1°F below
' average for the year
Cold Days
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Accumulated Precipitation (in): Percent of 1991-2020 Normals
January 01, 2022 to April 25, 2022
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() Midwestorn Regional Climate Cenler |

25 50 75 100 125
Stations from the following networks used: WBAN, COOP, FAA, GHCN,
ThreadEx, CoCoRaHS, WMO, ICAQ, NWSLI,
Midwestern Regional Climate Center
cli-MATE: MRCCT Application Tools Environment
Generated at: 4/25/2022 9:51:44 AM CDT
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Anomaly: 2.30"

Mean: 2.29"

2022 PRECIPITATION SUMMARY: Dayton, Ohio

February 2022
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@ Precipitation

2022-02-07

Midwestern Regional Climate Center

2022-02-21
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6 events over 1.0” (~28%)
14 days = ~46% of
precipitation (47.79”)
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CFAES

GLOBAL ASSESSMENT

Global Land and Ocean
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« 2021 is the 6" warmest year since 1880
« Top 10 warmest years have occurred since 2005
Last 7 years (since 2015) are top 7 warmest

If you were born after February 1985, you have never experienced a cooler than average month
for the planet!
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HOW THE ATMOSPHERE WARMS & WHY IT MATTERS
-

/

HowGlobalWarmingWorks.org, 2014

Greenhouse Gases (Water Vapor, Carbon
Dioxide, Methane, Nitrous Oxide) absorb
energy from the Earth’s Surface = Sustained
Human Life

Increase Water Vapor increasing is a function
of temperature; Feedback loop > Warmer
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Groundwater storage

John Evans and Howard Periman, USGS - http://ga.water.usgs.gov/edu/watercycle.html
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CO, AND TEMPERATURE

IPCC GHG Emission Scenarios for 2100 AD

CO, remains in the
atmosphere for decades
to millennia

CO, concentration, ppm

Antarctic temperature, °C

| L | L |
600,000 400,000 200,000
Years before present

THE OHIO STATE UNIVERSITY COLLEGE of FOOD, AGRICULTURAL, and ENVIRONMENTAL SCIENCES




Estimated U.S. greenhouse gas emissions by economic sector, 2018

Total US. emissions in 2018 = 6,677 million
meetric tong of carbon-dioxide equivalent

Commercial

Transporiation 16.0%

Residential

Agriculture

Industry
U.S. territores 0.7%

Mate: Carbon dioxide emissions associated with electricity consumption are allecated to

each end-use sector.
Source: USDA, Economic Research Service using data from LS. Environmental Frotection

Agency, April 2020: lavertory of U5, Greenhouse Gas Emissions and Sinks: 1990-2018,
Table ES-7.

GHGs Emissions by Economic Sector

Overview of U.S. Greenhouse Gas

Emissions in 2019

Nitrous Oxide

7%

Fluorinated

2019 U.S. Methane Emissions, By Source

Coal;\;l;ning_\ Other
9%
Natural Gas
Manure and
Management Petroleum
9% Systems

30%

Landfills
17% Enteric

Fermentation
27%

Carbon Dioxide
80%
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NWS NEW NORMALS: Temperature

Annual Mean Temperature Change

Montgomery County, Ohio Average Temperature

! 1 1901-2000 Mean: 51.6°F

-1.0 -0.5 0.0 0.5 1.0

1991-2020 minus 1981-2010 (°F)

NOAA National Centers for Environmental information, Climate at a Glance:
Statewide Time Series, published January 2022, retrieved on January 11, 2022
from https://www.ncdc.noaa.gov/caqg/

https://www.ncei.noaa.gov/products/us-climate-normals
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https://www.ncei.noaa.gov/products/us-climate-normals
https://www.ncdc.noaa.gov/cag/

Seasonal Changes https://www.ncei.noaa.gov/products/us-climate-normals

January Maximum Temperature Change

July Maximum Temperature Change

] I g
1991-2020 minus 1981-2010 (° F)

] g
1991-2020 minus 1981-2010 (° F)



https://www.ncei.noaa.gov/products/us-climate-normals

NWS NEW NORMALS: Precipitation

Annual Precipitation Change

Montgomery County, Ohio Preapitation

I A

T P

5 CISESS
-10 =5 0 5 10

1991-2020 minus 1981-2010 (%)
NOAA National Centers for Environmental information, Climate at a Glance:
Statewide Time Series, published January 2022, retrieved on January 11, 2022
from https://www.ncdc.noaa.qgov/cag/

https://www.ncei.noaa.gov/products/us-climate-normals
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https://www.ncei.noaa.gov/products/us-climate-normals
https://www.ncdc.noaa.gov/cag/

NWS New Normals https://www.ncei.noaa.gov/products/us-climate-normals

January Precipitation Change July Precipitation Change

1991-2020 minus 1981-2010 (%) 1991-2020 minus 1981-2010 (%)


https://www.ncei.noaa.gov/products/us-climate-normals
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5-yr Maximum Daily Precipitation 99th Percentile Precipitation

P{‘“ﬂ@ (1901-2016) (1958-2016)
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Maximum daily precipitation totals were
calculated for consecutive 5-year blocks
from 1901

» The total precipitation falling in the top 1% of
;_gger oot pae Y bl S all days with precipitation
R S " : - Strongest events have a 42% higher
(] — (Y probability of occurrence across the Midwest

0
Change ( /0) National Climate Assessment CCSR: https://science2017.globalchange.gov/

Easterling, D.R., K.E. Kunkel, J.R. Arnold, T. Knutson, A.N. LeGrande, L.R. Leung, R.S. Vose, D.E.
Waliser, and M.F. Wehner, 2017: Precipitation change in the United States. In: Climate Science Special
<0 0-9 10-19 20-29 30-39 40+ Report. Fourth National Climate Assessment, Volume | [Wuebbles, D.J., D.W. Fahey, K.A. Hibbard, D.J.

Dokken, B.C. Stewart, and T.K. Maycock (eds.)]. U.S. Global Change Research Program, Washington, DC,

USA, pp. 207-230, doi: 10.7930/JOH993CC.
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https://science2017.globalchange.gov/
http://doi.org/10.7930/J0H993CC

Extreme Daily Event (Pentad) Trends

Extreme Daily Rainfall (Counts by Half-Decade) Extreme Daily Rainfall (Counts by Half-Decade)
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Portion of Rainfall Falling as Heavier Events

Percentage of Annual Precipitation (Greater than 1")

Kings Mills, Ohio : 30%—>38%

Percentage of Annual Precipitation (Greater than 1")

Greenville, Ohio: 28%—->34%
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TEMPERATURE

RANK YEAR AVERAGE  DIFFERENCE
1 1998 54.1 2.4
2 2012 54.0 2.4
3 2016 53.6 1.9
4 1921 53.5 1.8
5 2017 53.2 1.6
6 2021 53.2 1.5
7 1991 53.1 1.5
8 2020 53.0 1.4
9 1931 52.9 1.3
9 2006/1990 52.7 1.0

PRECIPITATION

RANK YEAR TOTAL DIFFERENCE
1 2011 55.95 14.85
2 1990 51.07 9.97
3 2018 50.93 9.83
4 1950 48.34 7.24
5 2019 46.87 5.77
6 1996 46.85 5.75
7 2003 46.42 5.32
8 1929 46.07 4.97
9 2017 45.51 4.41

10 2004 45.45 4.35

5 of the top 10 warmest/ 6 of the top 10 wettest have occurred since 2003

OHIO’S TOP 10

9 of the top 10 warmest/ 8 of the top 10 wettest since 1990
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CFAES

Observed

PR

Mid-21st Century

Lower Scenario (RCP4.5) Higher Scenario (RCP8.5)

Late 21st Century

Lower Scenario (RCP4.5) Higher Scenario (RCP8.5)

-1 0 1 2 3 4 5 6 7 8

OUR FUTURE CLIMATE: TEMPERATURE

* Driven by winter warming and warmer
nighttime temperatures

* Mid-Century Change: 3-5°F warmer

« Late-Century Change: 4-8°F warmer

Fourth National Climate Assessment CCSR: https://nca2018.globalchange.gov

USGCRP, 2018: Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assessment,
Volume Il [Reidmiller, D.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M. Lewis, T.K. Maycock, and B.C.
Stewart (eds.)]. U.S. Global Change Research Program, Washington, DC, USA, 1515 pp. doi:
10.7930/NCA4.2018.
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https://nca2018.globalchange.gov/

2. W OUR FUTURE CLIMATE: PRECIPITATION

TR i‘b A
5 "" Y - 51}
* Driven by increased water vapor
Late 21st Century, Higher Scenario (RCP8.5) h um |d |t
' Spring ( y)
%/j%/ PC5d /@’ ksf - Seasonal changes atmospheric circulation
@ "4 % ;

Wetter cool season:; drier summer season
= could mean intensified drought

Fourth National Climate Assessment CCSR: https://nca2018.globalchange.gov

USGCRP, 2018: Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assessment,

- Volume Il [Reidmiller, D.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M. Lewis, T.K. Maycock, and B.C.
Change in Precipitation (%) Stewart (eds.)]. U.S. Global Change Research Program, Washington, DC, USA, 1515 pp. doi:
-l T T T T e 10.7930/NCA4.2018.

-30 -26 -20 -15 -10 -5 O 5 10 15 20 25 30
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https://nca2018.globalchange.gov/

How the Future Climate of Ohio

WH AT | F TH |S |S O U R Compares to Current Climates Elsewhere
NEW NORMAL?

* Longer Growing Season
 Warmer Temperatures Winter
(Winter and at Night)
_ o 2030 [
* Higher Humidity 12095

« More Rainfall Summer

. 2095
e More Intense Rainfall
Events

 More Autumn Precipitation
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Leiserowitz Big Five — Yale Climate Project
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U.S. 2021 Billion-Dollar Weather and Climate Disasters

. Central Severe Weather Midwest Derecho and North Central
Western Wildfires @ July 8-11 Tornado Outbreak Severe Weather
2021 December 15 August 10-13

Central Severe Weather
June 24-26

(0]
® O

o)

California Flooding @———, 0
and Severe Weather ‘i

Ohio Valley Hail Storms
June 17-18

Southeast, Central
Tornado Outbreak
December 10

(0]

January 24-29

Eastern Severe Weather
March 27-28

Westem Drought @
and Heat Wave

2021 / Y
Texas and Oklahoma

® Southeast Tornadoes
and Severe Weather

ﬁ March 24-25
Severe Weather o ) @ Tropical Storm Fred
April 27-28 g August 16-18
l Southern Tornadoes and Tropica) Storm Elsa
i July 7-9
Texas i;”ﬁgﬂ; Southeast Severe Weather Y
Northwest, Central, Eastern Louisiana May 2-4
Winter Storm and Cold Wave Hurricane Nicholas Flooding Hurricane Ida
February 10-19 September 14-18 May 17-18  August 29-September 1

This map denotes the approximate location for each of the 20 separate billion-dollar weather and climate disasters that impacted the United States in 2021

BILLION DOLLAR DISASTERS

# 2018 ($100.1B)

1980-2021 United States Billion-Dollar Disaster Event Cost (CPI-Adjusted)
A 2017(5346.1B) % 2021 ($145.08)

4 2020 ($102.0B) 2012 ($142.48) ® 2005 ($244.38) — Average (§51.48) E

/A
J A
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Updated: January 10, 2022

Event statistics are added according to the date on whichthgyswyésdn

National Weather Service
Mission

2008-2017 Natural Disasters in Ohio
* Flash flooding: $178,548,000

* Flooding: $54,551,000

* Hurricanes: SO

* Heavy rain: $126,000

* Heavy snow: $4,860,000
* Tornadoes: $196,559,000
* Tsunamis: S0 =
* Wildfires: S0 Zr b
» >5200 million on rain related disasters

https://www.ncdc.noaa.gov/billions/

m Building a Weather-Ready Nation
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Losses are Increasing

Insured losses since 1970
USD billion (in 2021 prices)
Rollover/touch chart for details

180
20717 Hurricanes Harvey, Irma, Maria
160 2011 Japan & NZ earthquakes, Thailand flood 0
2005 Hurricanes Katrina, Rita, Wilma g .
140
120
100
80
80 -
40
0 []
20
I I ] I I
0 pu.sEizieElil=R N I I I
AN A© A o N (e > o NN o N
RS & RS P 9 R S ASY KN S Kelg
Earthquakes/tsunami M Weather-related M Man-made — 10-year moving average total insured losses

Source: Swiss Re Institute
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Every business owner is different

Potential Adaptive
Impacts Capacity
Vulnerability

Adaptation: There is no single answer

(Each decision is unique and will
vary based upon:

People: Values, Culture, &
Resources

Place: Location & Site Conditions
Purpose: Goals & Objectives

Practices: Equipment, Procedures,

\& Methods

~

J
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Resources Available for Businesses

C2ES (Center for Climate and Energy

Solutions), 2013: Weather the Storm:

Building Business Resilience to Climate

Change. s @ whesd

B January 2013

Mitigation Ideas

A Resource for Reducing Risk to Natural Hazards

FEMA, 2013: Mitigation Ideas: A Resource
for Reducing Risk to Natural Hazards

U.S. Federal Government, 2014: U.S.

: . : “Businesses to prepare for
Climate Resilience Toolkit.

both the physical risks that are

http://toolkit.climate.gov ST Y  associated with climate
- /Resilience RIS el
i T A change, as well as the
WBCSD, 2019: Business Climate e ISR associated transitional risks
Resilience: Thriving Through the g ' on the path towards a net-
Transformation Z€ro economy.
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One Approach to Building Internal Resilience

Survey Instrument
designed to evaluate and
prioritize actions that the
company thinks are
important to build resilience
to the increasing
precipitation extremes and
potential flood inundation

What is the company’s will
to act?

What are the costs
associated with actions?
What is the current level of
expertise in the company?

Potential

Solutions to

Increased

Flood Risk

Raise susceptible buildings to
prevent flood inundation

Implement additional water
retention and water collection
sites on campus to draw water

away from key assets — preserve

natural water systemns (e.g.,

wetland restoration)

Construct flood walls to prevent
inundation

Waterproofing structures
{wallsffloors, electrical sockets)

Diversify sources of key inputs

THE OHIO STATE UNIVERSITY COLLEGE of FOOD, AGRICULTURAL, and ENVIRONMENTAL SCIENCES

Build higher levels on buildings
and designate lower levels for
parking or storage

Move highly susceptible assets
and/or bulldings — turn these
areas into greenspace
{mitigation measures)

Review and update flood
emergency evacuation plans —
ties steps of prevention into key
threshold or flood markers

Have temporary flood barriers
on-hand

Transform surfaces from
impervious to pervious to allow
increased water infiltration and

less runoff (parking lots and
wialkways)

Elevate heating/cooling systems,

wiring, and access

Review company communication
plans associated with flooding
and emergency response

Ensure adequate stock of key
inputs or raw materials, back-up
or self-generated electric power

Engage suppliers of key inputs in
resilience planning




Survey In Action

Solution: Build higher levels on buildings (or specifically,
Building ‘A’) and designate lower levels for parking or storage

Hypothetical: Company has decided that it will evaluate =~ Petentialpositiveimpact of each proposed statement
G

. . . . . feasibility of implementing each proposed statement (costs, local technical
adaptation strategies based on the following criteria: knowledge, company will/support)

Ask participants to mark answers from “strongly disagree” to “strongly agree”

% Ask them to self-report their expertise pertaining to the potential action for the
0e® Use focus groups a nd/or survey expertise question ranging from “no expertise” to “significant expertise”
L Solicit additional comments for each statement.

Weight impact and feasibility by expertise reporting

V Repeat for all potential solutions and rank according to scores

pv ==
g: Use this ranking to prioritize company actions
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Energy and Low Carbon Alternatives
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Aaron B. Wilson, PhD
CFAES-OSU Extension | Climate Specialist

Byrd Polar & Climate Research Center | Research Scientist
State Climate Office of Ohio (climate.osu.edu)

040 Scott Hall, 1090 Carmack Rd., Columbus, OH 43210
M (614) 292-7930 Office




