Wisconsin’s Changing Climate:

Implications for Agriculture
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. What are the climate trends in Wisconsin?
. What are the climate projections for Wisconsin?
. What are the impacts on agriculture?

. What can farmers and communities do?



Temperature Seasonality and Trends
(1950-2020)
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Winter has warmed most; Summer and Fall show least warming
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Temperature trends: Day vs. Night (1950-2020)

Historical Change in DJF TMIN
from 1950 to 2020

Source: Center for Climatic Research,
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Historical Change in JJA TMIN
from 1950 to 2020
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Historical Change in JJA TMAX
from 1950 to 2020
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Night has warmed more than day; most significant in winter




Seasonal Precipitation Trends (1950-2018)
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Significant increases during winter, spring, and summer in many
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Extreme Rainfall in last decade

2011-2020 Historical Rainfall:

Wisconsin has experienced at
least 20 100yr rainfall events
(24hr) just in the decade between
2011-2020.
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Source: Dan Vimont, UW-Madison AOS, Nelson Institute Center for Climatic Research, and WICCI



Future Wisconsin Temperature

Projections

Wisconsin warms by:

2050: 2-8°F (RCP4.5)
3-9°F (RCPS.5)

2090: 3-10°F (RCP4.5)
7-16°F (RCP8.5)
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Historical, 10yr Avg.

RCP4.5 Model Mean, 20yr Avg.

RCP8.5 Model Mean, 20yr Avg.
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RCP8.5 10% - 90%
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Source: Dan Vimont, UW-Madison AQOS, Nelson Institute Center for Climatic Research, and WICCI




Future Rainfall Projections
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Wisconsin CDF: PRCP Change
1981-2010 to 2041-2060 (RCP45)
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Wisconsin CDF: PRCP Change
1981-2010 to 2081-2100 (RCP85)

RCPA4.5, 2050 Conditions
10% wetter in winter, spring, fall

RCP8.5, 2090 Conditions
15-20% Wetter — winter, spring, fall
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Extreme Rainfall Projections

Days per Decade with PRCP > 2in Days per Decade with PRCP > 2in
1981-2010 Conditions (HISTORICAL) 2041-2060 Conditions (RCP45)
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Agriculture
impacts on
climate and
community
resilience

Climate change
Impacts on
agriculture

Agriculture's
response
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Climate change impacts on WI agriculture

Warmer temperatures:

Longer growing season -

. higher yield crop varieties
. more pest pressure

Photos: Russell Groves
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Climate change impacts on WI agriculture

Warmer temperatures:

Winter thaws (reduced snow cover,
Ice sheeting; freeze-thaw cycles) =

. reduced alfalfa and winter wheat
survival

. cranberries lack ice protection
. risk of fruit tree early bloom
. runoff risk
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Climate change impacts on WI agriculture

Warmer temperatures:

Hotter summer nights and days -

. heat stress for livestock and
workers

. water stress
pollination




Climate change impacts on WI agriculture

More precipitation (spring & fall):

| less moisture stress
— . delays In planting
soil compaction
Increased risk of erosion & runoff
delays In harvest
iIncreased risk of flooding




Climate change impacts on WI agriculture
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More precipitation:
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Waste
Agriculture 1%
15%

Electricity
Generation
33%

Industrial
Processes
3%

us Oxide (N ,0) :
Methane (CH4)

Carbon Dioxide (CO,)

Transportation
24%

Residential
8%

Commercial
5%

Industrial
11%

Wisconsin GHG emissions by sector, WI DNR ﬂ
= W = |

Transportation Electricity Generation Industry Agriculture Commercial Residential

US EPA Greenhouse Gas Inventory Data Explorer https://cfpub.epa.gov/ghgdata/inventoryexplorer/index.html



https://cfpub.epa.gov/ghgdata/inventoryexplorer/index.html

What are agriculture’s emission?

Greenhouse Gas Emissions from Agriculture

Rice Cultivation + Burning
(CH4 + N20)
2%

Energy Use
What's missing?
 GHG from input production Cropland Soils

» Soil carbon / land use change (N20)
34%

Managed Livestock Waste
(CH4+N20)
12%

Source: U.S. Agriculture and Forestry Greenhouse Gas Inventory: 1990-2018, USDA Ag. Data Commons
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Wisconsin Greenhouse Gas Emissions from Agricultural Activities, by
Category, 1990-2020

25

20

15

10

Emissions (million metric tons of
carbon dioxide equivalent)

1990

1995

2000 2005

Year

2010 2015

@ Enteric fermentation
® Urea fertilization
@ Field burning of agricultural residues

@ Agricultural soil management
@® Manure management
® Liming

Source: U.S. EPA’s Inventory of U.S. Greenhouse Gas Emissions and Sinks by State: 1990-2020.
https://www.epa.gov/ghgemissions/state-ghg-emissions-and-removals

Export

2020

Percent change:
1990-2020

Agricultural soil management:
V¥ 3.5%

Enteric fermentation:

V 1.4%

Manure management:

A 83.6%

Urea fertilization:

A 169.4%

Liming:

V 37.3%

Field burning of agricultural
residues:

A 37.5%

Total: A 9.0%



Soil carbon loss
an d Sto rag e Start of cultivation

Plant residues

Active organic matter

Soil health practices: "jpg",i
* Minimize disturbance S i and e b
e Keep soil covered |
Maximize living roots

Maximize biodiversity

Total soil organic matter

Soil organic matter (Mg/ha)

Passive organic matter fraction

’
I
I
i
i
I
:
i
|
|
I
i
I
]

O 10 20 30 40 50 60 70 80 90 100 i10 130 130
Time after start of cultivation (years)

(Brady and Weil, 1999)
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Wisconsin Greenhouse Gas Emissions and Sinks Percent change:
from Land Use, Land-Use Change, and Forestry, by 1990-2020
Category, 1990_2020 Land converted to settlements:
Emissions A 22.8%
10 Cropland remaining cropland:

Emissions ¥ 2.9%

Land converted to cropland:

_) Forest land remaining forest land

Net total: Sink ¥ 13.3%

qa
E= Emissions A 8.6%
=
2 % 0 Grassland remaining grassland:
g % Emissions A 291.4%
E o Flooded land remaining flooded
S5 land:
E E Emissions A 1.5%
— =3 -10
— c O
o
a3 Wetlands remaining wetlands:
;_.EJ Emissions ¥ 100.0%
=20
1990 1995 2000 2005 2010 2015 2020 Settlements remaining
settlements:
Year
Sink ¥ 24.2%
@ Land converted to settlements @ Cropland remaining cropland Land converted to forest land:
@ Land converted to cropland . Grassland remaining grassland Sink ¥ 1.6%
@ Flooded land remaining flooded land @ Land converted to flooded land
@® Wetlands remaining wetlands @ Land converted to grassland
@ sSettlements remaining settlements @ Land converted to forest land
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Adaptation strategies

Wet springs = increase tile drainage? Increase N fertilizer?
Or shift to more perennial pasture, improve soll health,
and cover crop?

Increased pest pressure - increase pesticide use?
Or expand crop rotation and habitat for beneficials?

Increased heat stress - put livestock in buildings with fans and
sprinklers?
Or establish silvopasture?



Mitigation strategies for WI agriculture

Reduce Emissions Increase Carbon Storage

Manage manure . Build soll health

- Reduce nitrogen fertilizer - Reduce disturbance (tillage,
applications pesticides & fertilizer)

N .
—~ Avoid converting pasture or . Keep soil covered
| . Add trees

natural habitat to cropland . Living roots in soil
Improve energy efficiency . Diversity

Co-benefits: . Convert annual cropland to
. Water quality pasture, prairie or woodland

« Biodiversity




Surface water runoff is Invest in Farmers

a dﬂstmctivﬁ fﬂrce Farmers and landowners can create

conditions that protect infrastructure.

during heavy rainfall.

When roads, bridges, and culverts washed out
across the Midwest, short-term emergency repairs
cost taxpayers 5114 million in 2018-2019 alone.!

Investment in
well-managed pasture
and hay can slow water

down and prevent

costly damage. “#s many small dairy farms have gone out of business, the

land has lost well-managed forage land. Roads bordened by
wiell-rmanaged crop and pasture land seldom need ditching.
Roads bordered by crop land that s poorly managed often
need malntenance after every heawy rain event™
JACK HERRICKS
Jefferson Township Chalrman, Monroe County, Wi

Eroslon on.a W farm T LEaeR Ty cmi,-_m;iﬂiinm:ju

Bridge repalr or : :
Fiedd after heawy rabnfall - W 000 000 mhkteng wnd by Fareme

replacement cost®

Learn mozre about how
productive, well-managed pasture and hay
ground can protect infrastructure.

Well-managed pasture and hay

plants have well-developed root Annual plants oy
. fi ]
systems in the ground year-round. e ‘ 1A www.greenlandsbluewaters.org
These root systermns soak up more water than seasonal roats. A
annual roots. Less surface water runoff means
bess erosion, flooding and damage during Green Lﬂﬂdﬂ
heavy rainfall. 3 inches \ BlueWaters
of rainfall absorbed Midwest Perennlal Farage
by sail under com Warking Group
and saybean ml 1FWHE emengialy IgPway seia s ok Il X1 18- 3018 y i L E0r LT ]
'E mﬂhﬂs of rainfall absorbed 1 erages e L, 10, WM, MOL WL, roovs-Sdarbeal ighvary Syters beidges; 1T 7
by soll under well-managed pasture 3 Average Anrasl Coat for B Waintsrancy, LEDA arart Servicn.
and hwcmP“E lEE Litmwﬂ::mmnmuﬁla P (BT s
e 1, ST A b et b L 2 Dl s age M Dt R TR (s
RS- 3 ra fESTvenion pdd
5 Aesarsge l mamnursreenis n e, Ao, srd DoobayRosenbee || L Baeord, U-H. s, TH. sanbar, nd
Rl Bhan, 2. el I WUTT arder drof. OIS, B9 SR i Bufle by el

USa, sgrofereatry Syitiing 560957,




Challenges to sequestering carbon & building
soll health

Results vary depending on solil, climate, management
details

| Time frames — C loss usually fast, while gains are slow
— . Warming climate

Reversable

Food production

Who pays? Especially for land use change

May cause more GHG emissions (N,O, CH,, CO,) to put that C in the soll
than the total stored



Mg (or Metric tons) Co2 eq per 100 acres per year

Figure 4. Soil Carbon Sequestration/Emissions Reduction Potential by Management Practice
Source: NRCS COMET-Planner (as excerpted from Biardeau et al., (2016).)
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Acreage potential: 10W  =———m—-mmmmmmem e

g= Agroforestry
.. o)
_:;3 = Pasture
= A Prairie STRIPs
g i Pollinator plantings
o |
8 Filter strips
g i Cover crops
RS Reduced tillage
oL
_________________________________ ~
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Benefits vary depending on management

Relationship between CC biomass and GDUs
35
3.0
2.5

cre

@ 2.0
1.5

1.0
y=1.1702In(x) + 0.4314
0.5 R2 = 0.7422

ton DM/

0.0
453 475 799 1310 1464 1723 2178 2234

GDUs (Base 40°F)

Building Knowledge about Wisconsin’s Cover Crops Farmer Research Project - 2020



Questions? Comments?
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Limit disturbance

»  No-till (usually relies on herbicides) g
. Perennial crops rT)
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eep soll
overed

- Crop residue
- mulch
. COVver crops

. perennial
crops

Mimi Broeske
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Living Roots Year-round

- Cover crops
- (STRIPS, windbreaks)

- Perennial pasture,
agroforestry

https://www.patagoniaprovisions.com/pages/why-beer 1«



Diversity

« Crop rotation

« Strip-cropping

- Cover crop cocktails =
« STRIPS, buffers, etc. i&
« Diverse pastures
Agroforestry

R | |



Ruth McNair



The quantity The world’s soils If we increase by 4%o0 (0.4%) a year

of carbon contained contain : -
in the atmosphere 1 500 billion tons t_hE qyantlty‘ of carbon contained
increases by of carbon in the form in soils, we can halt the annual
4.3 billion tons of organic material increase in CO2 in the atmosphere,
every year

which is a major contributor
to the greenhouse effect

bn tons and climate change
carbon

| year 4 per 1000
Carbon sequestration in soils
for food security

N and the climate
I P = 1
wie. N -
3 e G X
'|'4°’n-n carbon storage
in the world’s soils
bn tons
carbon
HOW CAN SOILS STORE MORE CARBON?
MNever leave Introduce more Add to the Optimize Restore
soil bare intermediate crops, hedges at field pasture management land in poor
and work it less, more row intercropping boundaries - with longer condition
for example by and more and develop grazing periods, e.g. the world's arid

using no-till methods grass strips agroforestry for example and semi-arid regions
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Sequestration Rates of Landuse Practices

multistrata systems -
wioodlot polycultures -
shaded perennials -
homegardens -

bamboo-
leucanea-
biomass grasses & SRC -

mango -
cacan o
citrus - Woody Crop Monocultures
tropical staple crops -
rubber -

A ) silvopasture -
int. silvopasiure w/ timbar - :
intensive silvopasiure - Livestock with Trees
pasture (o silvopasiune -
fodder tree blocks -

) improved falbows -
windbreaks, buffers, etc. -
maize w! fruit and timber-

tree intercropping

Faidherbia evergrean alg
FMNE -

SIFp INtercropng -
cropland to A
riparian buffers -

alley ¢ ing -
| Y parkland-
silvoarable agroforestry -

banama plantation
switchgrass -

Bgrennlal rams -
annuals to biomass, forage -

compost on rangedland -
manaé:led grazing -
cropland-to-pasture -
grazing land management -
pasture & grazing mgmt

|
=

I

=
®

|

i

regenerative organic - %

Silvoarable Agroforestry

Practice

1

[ ]
@

regeneralive annual ag -
conservation agriculture -
manure apphication -
organic annual ag- Annual C
conventional no-Lill -
crop management -
COVET CROpng -

crop rotation -

0

5 10 15
Tons of carbon / hectare / year
http://carbonfarmingsolution.com/carbon-sequestration-rates-and-stocks



http://carbonfarmingsolution.com/carbon-sequestration-rates-and-stocks

Figure 4. Carbon Sequestration from Land-Use, Land Use Change nissions and Sinks from Land
and Forestry in Wisconsin , and Forestry, by Category,

10.0

0.0

-10.0

-20.0

MTCO2E

-30.0

“
‘
-40.0
-50.0
5 2000 2005 2010 2015 2019

-60.0 Year

*Note: Values above zero on the chart above would indicate the sector was a ‘source’ of GHG emissions tlements @ Forest land remaining forest land
and negative values represent the sector is a ‘sink’ for GHG emissions. ) settlements @® Land converted to cropland

e e ——eee—e mm -— -—. 28t land @ Land converted to grassland

@ Wetlands remaining wetlands @ Grassland remaining grassland
@ Land converted to wetlands ) Cropland remaining cropland




U.S. Greenhouse Gas Emissions and Sinks from Land
Use, Land- Use Change, and Forestry, by Category,
1990-2020
250
© 0
w =
S5
o3
=5 - 250
£8
5
z 3 - 500
— @
— c O
2
2 Q - 750
&
-1000
1990 1995 2000 2005 2010 2015 2020
Year
@ Land converted to settlements ® Land converted to cropland
@® Flooded land remaining flooded land @ Grassland remaining grassland
® Land converted to flooded land Land converted to wetlands
@® Wetlands remaining wetlands Cropland remaining cropland
@ Land converted to grassland @ Land converted to forest land
Settlements remaining settlements @ Forest land remaining forest land

Percent change:
1990-2020

Land converted to settlements:
Emissions A 28.1%

Land converted to cropland:
Emissions A 5.0%

Flooded land remaining flooded
land:

Emissions A 9.3%

Grassland remaining grassland:
Emissions ¥ 27.9%

Land converted to flooded land:
Emissions ¥ 92.9%

Wetlands remaining wetlands:
Sink A 15.6%

Land converted to grassland:
Sink A 667.3%

Land converted to forest land:
Sink A 0.9%

Forest land remaining forest
land:
Sink ¥ 16.6%

Net total: Sink ¥ 11.8%
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