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Discussion Points

Weather and Climate

— Climate Variability

— Climate Change

— Natural and Human-caused
climate change

Understanding Climate Patterns: Analog Years

Observations and Projections of Weather and Climate in
Indiana and the Midwest

— Understanding the data
— Understanding climate projections

Weather and Climate Monitoring Resources
Conclusions



 What we experience eac

Weather

n day

— |t is characteristic to the climate zone we live in

Forecast History

Calendar  Rain / Snow

Health

Clear

Today
High 62 Low 41°F
0% Chance of Precip.

Elev 745 ft 40.10 °N, 88.21°W

Feels Like

Updated 4 sec ago

Yesterday
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Gusts 0 mph

Today is forecast to be COOLEFR than yesterday.

High 66.4 Low 52.7 °F

Precip. 0 in

Chance of Rain on Election Day.
Find your polling location.

Pressure 30.461n

Visibility 10.0 miles
Clouds Clear
Dew Point 44°F
Humidity 65%
Rainfall 0.00in
Snow Depth Not available.
Sun & Moon
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Indiana Climate Zones:

 humid continental
(warm summer)
(majority of the state)

 humid subtropical
(southern counties)
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Indiana Average Monthly Temperatures
(1981-2010)
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Indiana Average Monthly Precipitation
(1981-2010)
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 Climate —the average weather
over time for a given place
e Determined by:

— Proximity to large bodies of
water (store heat)

e Great Lakes
e (QOceans

— Elevation
— Proximity to mountains

— Latitude (distance from poles or
equator)

condensing water vapour

maist, rising air




CI i m ate Va ri a bi I ity Climate Change & Variability Concepts
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documented for centuries and
throughout Earth’s history

— proxy data
* ice cores
* treerings
e pollen samples
* lake sediments



Teleconnections: Causes of Climate

Variability

Teleconnections are a linkage of the

atmosphere

e Changes in weather at one
location impact the weather at
another location

Examples:
 ElNino/La Nina
— Winter 2015-2016

e Arctic Oscillation and the Polar
Vortex

— Winter 2013-2014
e Pacific North American Pattern
e North Atlantic Oscillation
e Pacific Decadal Oscillation

TYPICAL JANUARY-MARCH WEATHER ANOMALIES
AND ATMOSPHERIC CIRCULATION
DURING MODERATE TO STRONG
EL NINO & LA NINA
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http://www.cpc.noaa.gov/products/analysis_monitoring/ensocycle/nawinter.shtml



Climate Change

“Any multidecadal or longer
alteration or shift in one or
more physical, chemical, or
biological state variables or
fluxes within the climate
system”

Physical variables

— Temperature

— Precipitation

— Atmospheric circulation
Chemical variables

— Greenhouse gas concentrations
Biological state variables

— Ecosystem health and
sustainability

* Animals and vegetation

Probability of occurrence

Probability of occurrence

Probability of occurrence

Increase in mean
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Climate Change

e Natural Causes

— Solar Cycles

e Low solar activity = Temperature, CO2, and Sunspots
reduction in radiation —

|
entering Earth’s S il conimimme T |
atmosphere § ozl Smporrumm o
— Slightly cooler § . 380
temperatures § 02 355
— Volcanic eruptions § o

e Ash prevents solar
radiation from reaching 100
Earth’s surface

— Slightly cooler

305

I - 280

50 |

Sunspot number

temperatures o5 |
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e Changes in shape of Earth’s Year
O r b it http://solar-center.stanford.edu/sun-on-earth/600px-Temp-sunspot-co2.svg.png

e Changes in tilt of axis
e Changes in Earth’s wobble

COz (ppm)



Climate Change

e Human-caused

— Increased CO,, methane, pollution/particulates, burning
of fossil fuels
e Stores more heat in the atmosphere!
— land-use change
e Changes surface radiation budget and water balance

e Human influence on the climate system first proposed
in 1896 by Svante ArrhenlusI

http://know.climateofconcern.org/index.php?option=com_content&task=article&id=132



How do We Know Humans Contribute to Climate Change?

Natural Greenhouse Effect
Greenhouse Effect Intensified by Humans

e (Carbon isotopes

More heat escapes Less heat escapes

— number of neutrons in a into space ~into space
carbon atom varies

e Natural carbon isotopes:
Carbon -12, 13, and 14

— (C-12 most common
— C-13 ~1% of total

— C-14 ~one in 1 trillion carbon
atoms

e Plants prefer carbon-12

_ Since 1850, the burning Of fOSSil fuels http://nca2014.globalchange.gov/report/appendices/fags/graphics/human-influence-greenhouse-effect
and biomass (“slash and burn”) has

resulted in a lower carbon 13/12 ratio This is how we know humans have enhanced
in the atmosphere due to increased the natural Green House Effect!
carbon-12 from humans

2 Carbon-13 =0.25 2 Carbon-13 =0.143
8 Carbon-12 Add more Carbon-12... 14 Carbon-12

— Smaller ratio!




Land-use change is when

Human-caused Climate Change

RURAL AREA CITY

3

Heat

humans change:

Forest land to agricultural land
Forest land to urban areas
Agricultural land to urban areas

absorption
and
retention

?

Plant
transpiration and
water evaporation
from the soil

Water

penetration

Land-use change...

Impacts how solar radiation and energy
from the sun is absorbed, reflected, and
reemitted back into earth’s atmosphere

can increase the heat in the atmosphere
can change local water cycles



Temperature anomalias (°C)

{a} Natural {b) Anthropogenic (c} All forcings
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From the Intergovernmental Panel on Climate Change Assessment Reports

Modeling studies show human modification

(a) Natural environment
— Solar and volcanic forcings only
— Fails to predict observed surface temperatures
(b) Environment with human impacts
— Greenhouse gases, changes in ozone, sulfate aerosols
— Fails to predict observed surface temperatures

(c) Both natural environment and human impacts
— Most accurate forecast generated



Climate Variability versus Change
in the Climate Record

Year before present {present = 1950)

Temperature change from present, *C
4°C
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Global CO, and Temperature
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Temperature (blue line) and carbon dioxide (red line) are strongly correlated

Recent surge in CO, from burning of fossil fuels has climbed much higher
than temperatures in the last several years... this is the evidence supporting
anthropogenic climate change



June 2015 Historic Rainfall

2012 Drought, Noblesville

SO... ARE WE CURRENTLY EXPERIENCING
CLIMATE CHANGE OR VARIABILITY?

Exploring the past to understand the present and the future



2012 Drought: Climate Change or Variability?

e Look for an analog year(s)
* Isthere a year in climatological history that is very similar to a recent event in

the climate pattern?

Most severe drought since
at least 1895

— Exceeded Dust Bowl summers
1934 and 1936 (analog years)

Causes:

— reduction in moisture
transport from the Gulf

lack of weather systems due
to large-scale, strong high
pressure anchored over
Central U.S.

DUST STORM DAMAGE, 1930-1940
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http://www?2.ucar. edu/atmosnews/perspectlve/8349/dust bowl-v-drought-2012;
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Released Thursday, August 16, 2012

http:/idroughtmonitor.unledu/ Author: Michael Brewer/Liz Love-Brotak, NOAA/NESDIS/NCDC



2012 Drought: Climate Change or Variability?

LONG-TERM ARIDITY CHANGES IN THE WEST

. . 100 ——
“Indicated hereby is that | B. bRIER
neither the variations in 3 il i
ocean states nor in < 00y o
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summer 2012” YEAR
E.R. Cook et al. / Earth-Science Reviews 81 (2007) 93-134
— Hoerling et al., 2014: Causes
and Predictability of the 2012 Proxy data shows that the American West is
Great Plains Drought_ currently in a wetter climate pattern than the

past. However, the yellow square shows the
possibility of a return to a drier climate
pattern.



Summer 2015: Climate Change or Variability?

Record rainfall drowns crops across Indiana e Wettest June onrecord in

zsiuclf:fdfrefs 5, 4:41 pm | Updated: July 7. 2015, 4:44 p o @ @ @ IIIinOiS’ |nd ia na' a nd Ohio

e Wettest July on record in
Kentucky

* Five Midwest states with top
3 wettest June-July on record

e \Was this a result of climate

change?
This June 22, 2015 photo shows a flooded soybean field near Terre Haute, Ind. A record 85.1 million - M O re Stu d Ies a n d d ata a re
acres of soybeans are in the ground in the U.5., though a wet few months have kept farmers from o .
planting in some states, the government said Tuesday, June 30, 2015. The planted soybean acreage is n GEd Ed bEfO re a d EC I S I O n Ca n
2 percent more than in 2014, with the largest increases found in lllinois, Indiana, Minnesota and
Tennessee, (Austen Leake/Tribune-Star via AP) be CO n C rete |y m a d e

— Why?
e Analogue year: 1958 shows a

similar situation has occurred
over 50 years ago



June-July 1958 versus June-July 2015

Accumulated Precipitation (in) Accumulated Precipitation (in)
June 01, 1958 to July 31, 1958 June 01, 2015 to July 31, 2015

]

00105 1 2 3 5 75 10 15 20 25 30 40 00105 1+ 2 3 5 75 10 15 20 25 30 4

Stations from the following networks used: WBAN, COOP, FAA, GHCN, Stations from the following networks used: WBAN, COOP, FAA, GHCN,
ThreadEx, CoCoRaHSsS, WKMO, ICAO, NWSLI, Missouri FSA, Missouri Mesonet, ThreadEx, CoCoRaHS, WMQ, ICAD, NWSLI, Missouri FSA, Missouri Mesonet,
Midwe stern Regional Climate Centsr Midwestern Regional Climate Center
cli-MATE: MRCC Application Tools Environment cli-MATE: MRCC Application Tools Environment
Generated at: 11/19/2015 8:25:.48 AM CST Generated at: 11/19/2015 8:24:21 AM CST

* Indiana 1958 June-July total precip: 16.15 inches  * Indiana 2015 June-July total precip: 15.35 inches
(7.54 inches ABOVE normal) (6.74 inches ABOVE normal)

* Indiana 1958 June-July mean temp: 69.7°F * Indiana 2015 June-July mean temp: 71.9°F

(2.9 degrees below normal) (0.7 degrees below normal)



Are the Severity of These Events Attributable
to Human Behaviors?

e Based on climatological history
— No

e |s this to say the extreme nature of these events are
definitely not at all linked to human activities?

— No!

e The laws of physics tells us human modification of earth’s climate
system should result in different weather patterns

e Climate science is still an evolving field!

— Our science will improve and our conclusions may change
as more evidence is gathered and analyzed



IN A WARMING WORLD, WHAT HAVE WE
OBSERVED?

http://www.noaanews.noaa.gov/st
ories2006/s2707.htm

. ;ﬁ.--_'u; pLfevar

http://www.jpl.nasa.gov/news/news.php?feature=1273



Observed Ave. Temperatures in Indiana (1895-2015)

Spring Average Temperature Trend based on
1895-2015 (°F per century)

Midwestern Regional Climate Center

Autumn Average Temperature Trend based on
1895-2015 (°F per century)

Midwestern Regional Climate Center

Summer Average Temperature Trend based on
1895-2015 (°F per century)

Midwestern Regional Climate Center

Winter Average Temperature Trend based on
1895-2015 (°F per century)

Midwestern Regional Climate Center

nClimDiv Dataset, NCEI



Observed Precipitation in Indiana (1895-2015)

Spring Precipitation Trend based on 1895-201 Summer Precipitation Trend based on 1895-
(inches per century) 2015 (inches per century)
Midwestern Regional Climate Center Midwestern Regional Climate Center
| . | .
-10 -5 0 5 10 -10 -5 0 5 10
Autumn Precipitation Trend based on 1895- Winter Precipitation Trend based on 1895-2015
2015 (inches per century) (inches per century)
Midwestern Regional Climate Center Midwestern Regional Climate Center
[ . | L .

nClimDiv Dataset, NCEI



Understanding Data to Make Your Own Conclusions

Maps we just saw showed trends of warming and increased rainfall. However, climate data
can be complex!

250

200

150

100

50

73 years of data e 144 years of data
Slight reduction in the number of frost days e Slight increase in the number of frost days
Frost Season Length (Days) Indianapolis Frost Season Length (Days) Indianapolis Area
Int’l Airport (1943-2016) (1871-2016)
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The number of observations determines the trend you see!
Always have a much data as possible to reach a conclusion.



Obtaining Data to Explore Yourself

All official data housed by the National Centers of
Environmental Information (NCEI)

— Data disseminated for free by regional climate centers
* Midwestern Regional Climate Center (MRCC)
e Data from mid 1800s — present for some locations

* Hourly, daily, monthly, seasonal, and annual data by station, county, climate
division, and region for thousands of locations across the United States

Daily Values at INDIANAPOLIS INTL AP (IN) USW00093819 Download

Midwestern Regional Climate Center
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Multi-model Averages and Assessed Ranges for Surface Warming
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What is expected in Indiana and across the Midwest?
The National Climate Assessment, Regional, and Global Climate Models



The World in Global Climate Models

Mid-1970s Mid-1980s

Rivers Dverturning—
GIncuition

~500 km =~310 miles
~250 km = ~155 miles
~180 km =~111 miles

~110 km = ~68 miles https://www.nap.edu/read/13430/chapter/7



Figure from: IPCC’s report “Climate Change 2013: The Physical Science Basis”

Global mean temperature near-term projections relative to 1986-2005
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1) The Intergovernmental Panel on Climate Change (IPCC) and the scientists of the
National Climate Assessment (NCA) run numerous different models with different
starting temperatures that are then combined to create an “ensemble” (or average)
forecast of all forecasts.

2) This final forecast is the basis for conclusions regarding future climate evolution



How do We Know Models Can Forecast Well?

e Climate scientists complete a “hind-cast”

1) Provide a climate model with observed data from a
date 50 years ago (e.g. 1966)

2) Have the model create a forecast from that initial
day through today

3) Compare the forecast to all observations up till
today to test the model’s “skill”

4) Models with good “skill” are used to develop
climate forecasts/projections



Expectations for the Midwest under Projected

Warming Scenarios

Consecutive Dry Days

Difference in Number of Days

-2 -1 0 1 2 3

Change in average maximum number of
consecutive days each year with no
precipttation in 2071-2099 (compared to
1971-2000) (NCA 2014)

Higher Emissions (A2)

Winter
e :

Precipitation Change (%)

4l | | [

-30 -20 -10 0 10 20 30

Projected percent change by season
for 2071-2099 (compared to 1971-
1999) (NCA 2014)



Expectations for the Midwest under
Projected Warming Scenarios

Heavy Precipitation

Difference in Number of Days

0.0 0.3 0.6 09 1.2 15

Increase in number of days with very heavy
precipitation (top 2% of rainfalls) in 2071-
2099 (compared to 1971-2000) (NCA 2014)

Observed Change in Very Heavy Precipitation

Change (%)

<0 0-9 10-19  20-29  30-39 40+

The changes shown in this figure are
calculated from the beginning and end points
of the trends for 1958 to 2012. (Figure source:
updated from Karl et al. 2009) — NCA 2014



Expectations for the Midwest under the
Projected Warming Scenarios

Change in number of frost days
at the end of the century (2070-2099)
compared to 1971-2000 (NCA 2014)

* Indianais expected to see a decrease of 30 to
40 frost days
e Longer growing seasons

Mumber of Nights

Change in number of hot nights
at the end of the century (2070-2099)
compared to 1971-2000 (NCA 2014)

Hot night = night with a minimum temperature higher
than 98% of the minimum temperatures between 1971-2000

* |ndiana will see an increase of
approximately 50 hot nights E = = e

Number of Days




Expected Climate Change Impacts to Crop

Production
Longer growing seasons * [ncrease in invasive species
— Possible bumper crops from the south
Longer dry spells — Fight with crops for water, soil
: nutrients
— Increased moisture stress . 4 di
* Increase inirrigation Increase ISease
— Water resources — Increased aflatoxin such as

management seen in 2012 with warm, wet
Heavy rainfall events spring then dry summer
— Heavy rainfall on dry soils =

runoff

* Nitrogen and nutrient loss

e Decrease in ground water
infiltration

— Heavy rainfall on saturated
soils lead to surface ponding

Warmer temperatures

— Increased heat stress on
crops

http://agcrops.osu.edu/newsletters/2012/19

http://nca2014.globalchange.gov/report/sectors/agriculture



HOW CAN YOU REDUCE YOURRISKTO
EXPECTED CHANGES IN WEATHER

PATTERNS?

Enhancing agricultural adaptation to climate change

v

v

v

Enhancing soil Adopting eco-efficient Increasing Improving NPP
resilience agronomic systems biodiversity
| . } — ) +l
Increasing Strengthening * INM Soil Plant GM Crops Efficient
SOC pool elemental *IPM biodiversity biodiversity * Drought systems
cycling * Disease tolerant ¥
—— suppressive « Salinity —
g , soils tolerant Species with
soil Restoring v W deep roots
SHGIRY def;:'ad Conservation Complex systems and
agriculture « Agroforestry recalcitrant
* Perennial compounds
Culture l
k3 v k3 ¥ v A 4

Enhancing soil and agroecosystems resilience to fluctuating climate and extreme events

Lal, R., 2010: Managing soils and ecosystems for mitigating anthropogenic carbon emissions and advancing global food security. BioScience. Vol. 60. No. 9, 708-721.




e Educate yourself SoRNONG.
— Review the National Climate Assessment
* It was written for the public!
— Visit the USDA Climate Hubs: https://www.climatehubs.oce.usda.gov/midwest
— Read USDA publications:

e Climate Change and Agriculture in the United States: Effects and Adaptation
* Quantifying Greenhouse gas Fluxes in Agriculture and Forestry

e Adaptation Resources for Agriculture: Responding to Climate Variability and Change
in the Midwest and Northeast

e Utilize resources developed to help you monitor weather and

Corn Stress Degree Days - MRCC NLDAS Soil Moisture Maps
, - Ensevnble—Mean - Curent Total Column Sall Moisturs Anomaly (mm)
Modified Stress Degree Days (base 86°F) <200 [ -00to50 [ 25t050 [N 15010 200 HNCER MLOAS Froaducls valid: WOV “‘i a0a
for Corn Plants, Departure From Normal I 20010 150 [0 50to 25 [T 50 to 100 N > 200 ]
Accumulation January 1 to 11/9/2016 I 15010 100 [ 251025 [ 10010 150 . " “'}_#

Station has accumulated
= <=140 SDD
= >140 80D

J"",?

-0 useful
tousable

Decision Support Tools:
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https://www.climatehubs.oce.usda.gov/midwest




Key Points

e Climate variability is expected to
manifest as extreme weather

— heavy rainfall events
— Longer dry spells

“flash droughts”

— sudden temperature swings (hot and
cold)

Crop loss due to sudden freeze events

e Climate change occurs over a more
prolonged period of time compared to
climate variability

— A shift towards:

consistently warmer temperatures,
longer dry spells between rainfall,

heavier rainfall events during the growing
season,

longer growing season
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04

03

Temperature Anomaly Distribution

NH Land, Jun—Jul-Aug
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e Best way to mitigate affects:

Make environmentally conservative

changes to agronomic practices:
e Cover crops | LivesTOCK |

Matching
) . Swnchlng
. w animal
Tlle dralnage numbers
’ vanetles to changes
. . . . . tolerant

 Fertilizer application during optimal i

to heat, pastures
drought

More

Stmraey
AR

weather conditions AN S gy, BTSN ",,.|.§

farms that
. mix crops
e Drought-tolerant hybrids WO Opeimising TR | fvestocks
. e . . WW W W W
e Drip irrigation vs. center pivot or lateral st
'{E E'; E‘g Managing ‘,‘ \,’ tl;e spread
: of pests,

| soil (v
move l l nutrients L ;vleeds and
I i ' m and erosion iseases

e Conservation tillage

e Plant more resilient forage

http://ccafs.cgiar.org/blog/climate-change-and-farming-what-you-need-

[ J Wi n d O r SO I a r e n e rgy fo r p Owe r know-about-ipcc-report#.VK1tgntWIc9
e Cisterns

e Remain informed

e Remain aware



THANK YOU!

| WILL TAKE ANY QUESTIONS AT THIS TIME

Contact Information: kellnero@illinois.edu

Other resources for information : Indiana State Climate Office, Midwestern Regional
Climate Center, USDA Midwest Climate Hub

"- ILLINOIS STATE
" WATER SURVEY

PRAIRIE RESEARCH INSTITUTE



mailto:kellnero@illinois.edu

	Short and Long-term Climate Concerns for Agriculture in Indiana and �across the Midwest
	Discussion Points
	Weather
	Climate
	Climate Variability
	Teleconnections: Causes of Climate Variability
	Climate Change
	Climate Change
	Climate Change
	How do We Know Humans Contribute to Climate Change?
	Human-caused Climate Change
	Slide Number 12
	Slide Number 13
	Global CO2 and Temperature
	So… Are we currently experiencing climate change or variability?
	2012 Drought: Climate Change or Variability? 
	2012 Drought: Climate Change or Variability? 
	Summer 2015: Climate Change or Variability?
	June-July 1958 versus June-July 2015
	Are the Severity of These Events Attributable to Human Behaviors?
	In a warming world, what have we observed?�
	Observed Ave. Temperatures in Indiana (1895-2015)
	Observed Precipitation in Indiana (1895-2015)
	Slide Number 24
	Obtaining Data to Explore Yourself
	Climate�Projections
	Slide Number 27
	Slide Number 28
	How do We Know Models Can Forecast Well?
	Expectations for the Midwest under Projected Warming Scenarios
	Expectations for the Midwest under Projected Warming Scenarios
	Expectations for the Midwest under the Projected Warming Scenarios
	Expected Climate Change Impacts to Crop Production
	How can you reduce your risk to expected changes in weather patterns?
	Slide Number 35
	Slide Number 36
	Key Points
	Slide Number 38
	Thank you!  ��I will take any questions at this time�

