Does Climate Change Really Impact Ohio Ag?

Aaron B. Wilson
THE OHIO STATE UNIVERSITY OSU Extension — CFAES | Byrd Polar and Climate Research Center

The Ohio State University | wilson.1010@osu.edu




Snapshots of My Background




The Power of Weather Impacts Us All
Flood of 1913

Photo credit: Ohio History Connection

“Ohio’s greatest weather disaster.”
6-11" of rain
467 deaths
Over 40,000 homes destroyed




The Power of Weather Impacts Us All
Blizzard of 1978

1 A Sample of NWS recorded peak wind gusts:

* 69 mph - Dayton & Columbus

e 75 mph - Akron

* 82 mph - Cleveland Hopkins Airport

86 mph sustained with gusts to 111 mph on Lake
Erie (reported by ore carrier J. Burton Ayers)

https://www.weather.gov/iln/19780126




The Power of Weather Impacts Us All

June 29, 2012 Midwest to East Coast Derecho
Radar Imagery Composite Summary 18-04 UTC
~B600 miles in 10 hours / Average Speed ~60 mph
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Over 500 preliminary thunderstorm wind reports indicated by *

Peak wind gusts 80-100mph. Millions w/o power. T

NWS/Storm Prediction Center

Derecho of 2012




Weather & Climate Are Related —
But Different

Climate: Slower-varying aspects;
Averages over longer periods.

(]
Weather: High-frequency;
seconds to days variations










Weather & Perception

Average Temperature (°F): Departure from 1981-2010 Normals
March 01, 2018 to May 31, 2018
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(i) Midwestern Regional Climate Canter | Y.

-3 -2 -1 0 1 2
Stations from the following networks used: WBAN, COOP, FAA, GHCN,
ThreadEx, CoCoRaHS, WMO, [CAD, NWSLI,
Midwestern Regional Climate Center
cli-MATE: MRCC Application Tools Environment
Generated at: 71 7/2018 8:11:01 AM CDT

Statewide Average Temperature Ranks
April 2018
Period: 1895-2018

Mational Centers for
Environmental
Information
Fri May 42018

Statewide Average Temperature Ranks

May 2018
Period: 1895-2018

National Centers for
Environmental
Information
Mon Jun 4 2018




Detecting Weather Extremes and Asking

-

ATTRIBUTION OF

Extreme Weather Events

IN THE CONTEXT OF

@ Precipitation
@ Heat Waves
g Cold Waves

) Hurricanes &2 Floods & 2 Gli“]”ate Ghaﬂge N

,E*Q Snow

More Knowledge

o Extreme
@ Ocean Waves Extratropical
Cyclones

’ Droughts

</ Winds

Understanding Causes

Less Knowledge

—

1Less Knowledge More Knowledger
Detection

D Wuebbles et al., 2014: CMIP5 Climate Model Analyses: Climate Extremes in

the United States. Bull. Amer. Meteor. Soc., 95, 571-583, doi: 10.1175/BAMS-D-

12-00172.1

the “Right” Questions

“Did climate change cause a
particular event to occur?”

Bad Question!

“Are events of this severity
becoming more or less likely
because of climate change?”

“To what extent was the storm
intensified or weakened, or its
precipitation increased or
decreased, because of climate
change?”




Observing the Modern Day Climate

Extreme Ultraviolet
and X-Ray Irradiance.

/ Sensor (EXIS)
Space Environment

In Situ Suite {SEISS)

Solar Ultraviolet /

Imager (SUVI)

Geostationary Lightning__——

Mapper (GLM)

4 min.

PARASOI.

CALIPSO

CloudSat
Aqua

1 min

\Y ccomwn

4 min,




Global Perspective

Global annually averaged
temperature (land and

oceans) has increased by
about 1.8°F (1.0°C; linear
trend from 1901 to 2016)
and by 1.2°F (0.65°C) for
the period 1986-2015 as
compared to 1901-1960.

Sixteen of the last 17
years have been the
warmest ever recorded
by human observations.




Global Temps: A Historical Perspective

1700 Years of Global Temperature Change from Proxy Data
NCA 3: Walsh and Wuebbles 2014

uncertainty — proxy-based records - thermometer-based records
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Medieval Warm Period l ]
Little Ice Age
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Year

Temperature Difference Relative to 1961-1990 average.




U.S. Temperature Trends

USDA

S C for Grain Yield
* |Increased until ~¥1940, Bushels per Acre Omuﬁﬁ{edsﬂi{; ©

decreased until JZZZ
~1970, and increased 1700
rapidly through 2016 1600

150.0

Surface and satellite . A A

data show accelerated 1200 DV"(
warming from 1979 to 1;22 M
2016 o |

80.0

1986 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
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USDA-NASS
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How the Atmosphere Warms

Infrared
Light




How the Atmosphere Warms

CO, and evaporated water

become warmer as they Greenhouse

absorb infrared radiation
from earth’s surface trying Gases
to escape to space.
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How the Atmosphere Warms




Contemporary Greenhouse Gas Concentrations

Water Vapor (humidity): Atmospheric CO, at Mauna Loa Observatolry

Contributes about 40°F to current

Farth’s temperature: (Increased 5-
10%o 1n last 50 years)

Scripps Institution of Oceanography
NOAA Earth System Research Laboratory

Carbon Dioxide: Contributes 20°F
to current temperature: (Increased
25-30% 1n last 50 years)
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Historical Greenhouse Gas Concentrations

1100 7] A
IPCC GHG Emission Scenarios for 2100 AD
900

CO, remains in the
atmosphere for decades
to millennia

CO, concentration, ppm

Antarctic temperature, °C

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




Warming Temperatures Have Feedbacks

Ten Indicators of a Warming World

e - - ir Temperature Near Surface (Troposphere)
Water Vapor

Glaciers and Ice Sheets

\ i I Temperature Over Oceans L

Sea Surface Temperature . . J -
)\ 4 T

| Sea Ice
Temperature Over Land
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Impact: Record Warmth

Increase in mean

Previous
Climate

Less
Cold

Weather — New

\> Climate

|
Average

More
Hot 3
Weather |

More
Record Hot
Weather

Record|Highs/Outpacing|Record|I'ows

19505

cLIMATE () CENTRAL

Period

High Max

High Min

Low Max

Low Min

Last 7 Days

4

3

7

1

Last 30 Days

292

481

1210

756

Last 365 Days

24086

37196

22678

14779




Impact: Water Vapor

On July 30 in Bandar Mahshahr, at 4:30pm, the
temperature was 111°F and the dew point 88°F,
making the heat index value a whopping 155°F, an
unfathomably high number. The next day, July

31, at 4:30pm, the heat index soared to 165°F,
after a temperature of 115°F was reached while
the dew point was 90°F.

Specific humidity over land and ocean
0.4
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{grams water vapor/kg of air)
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Relative humidity over land
1.0
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Difference from average (%)

-1.0

-1.5
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1995

1995 2000 2005 2010

top) Annual specific humidity over land (orange) and ocean (green) compared to the 1979-2003 average. (bottom) Relative
humidity over land areas compared to the 1979-2003 average from two different data sets. While the exact values form the
the different sources vary from year to year, most show similar trends over time. Graph by NOAA Climate.gov, adapted

from Figure 2.12 in State of the Climate in 2013.




Hurricane Harvey (2017) for Perspective

MODLS-IR Window - Band/31 (C) Sat 04107 26-Aug-17..

Blake and Zelinsky (National Hurricane Center): Update 9 May 2018
https://www.nhc.noaa.gov/data/tcr/AL092017 Harvey.pdf




U.S. Regional Climate Trend Impacts

Rising Temperatures

.5, average temperalure has increased by 1.3°F to

1.9°F since record keeping began in 1835. Warming

has been the greatest in North and West while some Extreme Precipitation
nationally, especially over the last three
to five decades, The largest increases

Wildfires . .
Wildfires in the West are in the Midwest and Northeast.

start earlier in the spring.
last later into the fall,
and bum more acreage.

\ lfl Floods

Heat Waves . Floods have been
Heat waves have become increasing in parts of the
more frequent and intense, Midwest and Nartheast.
especially in the West.

Hurricanes
Drought /‘ _"\ The intensity, frequaency, and duration
Drought has increased in the Wesl. , @ | of North Atlantic hurricanes, as well
Over the last decade, the Southwest L / as the frequency of the strongest
has experienced the most persistent (category 4 and 5) hurricanes, have
droughts on record. all increased since the early 1980s.

Cold Waves and Winter Storms - / -, SeaLevel

Cold waves have become less frequent and | c Sea levels along the Mid-Atiantic
intense across the Nation. Winter storms have “\h _‘y and parts of the Gulf Coast have
increased in frequency and intensity since the —"risen by about 8 inches over the

1950s and their tracks have shifted northward. last half century.

https://health2016.globalchange.gov/climate-change-and-human-health




U.S. Temperature Trends

Annual Temperature

More than 95% of the land surface
——— demonstrated an increase in annual

<15
Bl -15t0-1.0

£0510-10 average temperature

[ 1051000
[ ]o0to05
o510
Bl 10t015

Paleoclimate records suggest recent

period the warmest in at least the
past 1,500 years

Greatest and most widespread in
winter

Annual average temperature over the contiguous United States has increased by 1.2°F (0.7°C) for
the period 1986—2016 relative to 1901-1960 and by 1.8°F (1.0°C) based on a linear regression for
the period 1895-2016: National Climate Assessment CCSR:
https://science2017.globalchange.gov/



https://science2017.globalchange.gov/

Change in Coldest Temperature of the Year

Change in Warmest Temperature of the Year

1986-2016 Average Minus 1901-1960 Average 1986-2016 Average Minus 1901-1960 Average
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https://science2017.globalchange.gov/chapter/6/

The 1930s Dust Bowl era
Agricultural intensification may have
suppressed the hottest extremes in the

Midwest. (Muller et al, 2016: Nature Climate Change;

Science http://www.sciencemag.org/news/2018/02/america-s-
corn-belt-making-its-own-weather)
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What is
Happening in
Summer?

NCA Region

Change in
Coldest Day of
the Year

Change in Warmest
Day of the Year

Northeast

2.83°F

-0.92°F

Southeast

1.13°F

-1.49°F

Midwest

2.93°F

-2.22°F

Great Plains North

4.40°F

-1.08°F

Great Plains South

3.25°F

-1.07°F

Southwest

3.99°F

0.50°F

Northwest

4.78°F

-0.17°F




Local Impacts from Increasing Temperatures

Additional (sustained) stress on humans and livestock; Increased need for
adequate cooling

Accelerated pace of GDD accumulation; Changes in regional crop rotations
and tield management options (double-cropping use of cover crops)

Pollination and grain, fiber, or fruit production sensitive to high temperatures —
lower productivity and reduced quality

Seasonal ice in/out changes impact fisheries and ecosystems




1990 Map 2015 Map

Local Impacts from Increasing Temperatures

Observed Increase in Frost-Free Season Length

After USDA Plant Hardiness Zone Map, USDA Arbor Day Foundation Plant Hardiness Zone
Miscellancous Publication No. 1475, Issued Map published in 2015.
January 1990, Zone
EEEEOEEDS
2 3 4 % 6 71 8 9210

© 2015 Arbor Day Foundation®

Differences Between 1990 USDA Hardiness
Zones and 2015 Arborday.org Hardiness Zones

UGA1366025
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Tl e <
Columbus
UPTO
~, (~ HOTTER IN THE CITY
’) ‘/_,1 C) ") THAN IN NEARBY
P i . RURAL AREAS
AVERAGE

() CITY SUMMERS ARE
/| /| HOTTERTHANIN

RURAL AREAS
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U.S. Precipitation Trends

Annual Precipitation Annual precipitation has
decreased in much of the
reciotaton 04 West, Southwest, and
— Southeast
[]-10t0-5

S5t00
Oto5

Wm0 Increased in most of the
- Northern and Southern
Plains, Midwest, and

National Climate Assessment CCSR: https://science2017.globalchange.gov/ Northeast.

National average increase
of 4% in annual
precipitation since 1901



https://science2017.globalchange.gov/

Seasonal Precipitation Changes

National trends Winter Precipitation Spring Precipitation
driven strongloy Py fall .;_. »\;«,;T . Ao 5y o A
trends (10-15% in .t__ - Lo dfs BGx ST s

. . Yol g P ' 5 el B -15 o0 -10
some locations) T A T e mmows

S5t00
10to5

Spring trends in our —phrig

. Summer Precipitation ipitati .15
region focused across
SW Ohio, Southern
Indiana and lllinois, =¥
into Missouri then
across the rest of the
Midwest

National Climate Assessment CCSR: https://science2017.globalchange.gov/

e Summer and Fall trends shift a bit northward



https://science2017.globalchange.gov/

Observed changes In
extreme precipitation

« Extreme precipitation events are
generally observed to increase in
intensity by about 6% to 7% for
each degree Celsius of
temperature increase.

Change in seasonal maximum 1-
day precipitation (1948-2015)

Observed Change
in Daily, 20-year Return Level Precipitation

Winter

Change (inches)

0.0-0.10 0.11-0.20 0.21-0.30 0.31-0.40 >0.40




Other Heavy
Precipitation Metrics

* Maximum daily precipitation totals
were calculated for consecutive 5-
year blocks from 1901

* The total precipitation falling in the
top 1% of all days with
precipitation

Observed Change
in Heavy Precipitation

5-yr Maximum Daily Precipitation 99th Percentile Precipitation
(1901-2016) (1958-2016)

Number of 5-yr, 2 Day Events Number of 5-yr, 2 Day Events
(1901-2016) (1958-2016)

Change (%)

10-19 20-29 30-39 40+
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Impacts from
Intense Raifall

sy of Ohio DOT: Flooding
E S ~ of I-70 through Licking County in
' Central Ohio on July 14, 2017

‘  _I —— - . 2 \[e]giy Edge Of Arcanuime Ju'V 9, £U
—_— e Photos Courtesy of Sam Custer/Janelle
Brinksneader




Extreme Precipitation Risks

Greater Flood Risk (Increased Frequency of Flooding)
* Increased risk (damage to water infrastructure and changing floodplains (roads, floodwalls, dams, electric grid,
water intakes, etc.)

Health risks associated with floods (mold, exposure to chemicals and waterborne pathogens, vector control,
drinking water and food contamination)

Increased transportation issues (major disruptions to local economy, difficult for police and ambulances to
respond to emergencies when areas are flooded).

Reduced Water Quality
* Intensity means more runoff and potential contamination

* Increased need for water treatment due to deteriorated water quality.

* DPotential for summer droughts and seasonal water shortages, particularly for agricultural and industrial use.




Future Climate Scen(arios

Observed Esd L Observed

Driven by winter | | Driven by increased
warming and warmer Y water vapor (humidity)

nighttime temperatures Mid_m:Centw \‘ and seasonal changes
atmospheric circulation

Lower Scenario (RCP4.5) Higher Scenario (RCP8.5) Late 21st Century, Higher Scenario (RCP8.5)
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Late 21st Century

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

Change in Precipitation (%)
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Change in Annual Number of Days > 90°F

Lower Emissions Higher Emissions

Change in annual #days Tmax > 90F by mid 21st century Change in annual #days Tmax > 90F by mid 21st century

https://scenarios.globalchange.gov/loca-viewer/



Change in Mean Annual Days with Precipitation > 2”

Lower Emissions Higher Emissions

Change (%) in annual #days > 2 inches by mid 21st century Change (%) in annual #days > 2 inches by mid 21st century

-20

Ohio (1976-2005): < 1 day

https://scenarios.globalchange.gov/loca-viewer/




Summarize and Ask: What Can We Do?

How the Future Climate of Ohio
Compares to Current Climates Elsewhere STEPS TO RESILIENCE

Individuals, businesses, and communities can respond to the STEP 1: EXPLORE CLIMATE THREATS >
challenges of our changing climate. This framework can guide you

through the process of planning and implementing resilience- STEP 2: ASSESS VULNERABILITY & RISKS »
building projects.

Wirter

STEP 3: INVESTIGATE OPTIONS »

STEP 4: PRIORITIZE ACTIONS >

12030

STEP 5: TAKE ACTION »

Summer
2095

Understand the Threats
and Have Conversations

Based on temperature, humidity, and precipitation, future
summers in Ohio might resemble those in Arkansas, and winters
may become similar to those in Virginia.




Soil & Water Health

* Seasonal precipitation changes and impacts on water
availability for crop production

* Healthy soils impacted by erosion, compaction, and

loss of organic matter.
Organic material impacted by soil temperature & water
availability
Increased erosion from intense extreme rainfall events
Increased potential for associated, off-site, non-point-source pollution.
Tillage intensity, crop selection, as well as planting and harvest dates can significantly affect runoff and soil
loss.

* Surface and groundwater systems impacted over time through changes in evapotranspiration
and recharge)




Aaron B. Wilson
Research Scientist

' Byrd Polar and Climate Research
Center/OSU Extension

\\

State Climate Office of Ohio:
https://climate.osu.edu

‘http://u.osu.edu/wilson.1010/




	Does Climate Change Really Impact Ohio Ag?
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39

