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Project
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Scenarios Project
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Solar radiation powers
the climate system.

Some solar radiation
is reflected by
the Earth and the
atmosphere.

About half the solar radiation
is absorbed by the

Earth’s surface and warms it. Infrared radiation is
emitted from the Earth’s

surface.

(EPA, 2007)
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Sources of Greenhouse Gas

Natural sources
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Human Impact: Greenhouse Gases
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Average for both Higher-
and Lower-Emissions Scenario

B Higher-Emissions Scenario
Lower-Emissions Scenario
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(Hayhoe et al., 2010)
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Length of Growing Season in the Lower 48 States, 1900-2002
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Data source: Kunkel, K.E. 2009 update to data criginally published in: Kunkel, K.E., D.R. Easterling, K. Hubbard, and K.
Redmond. 2004. Temporal variations in frost-free season in the United States: 1895-2000. Geophys. Res. Lett. 31:L03201.

For more information, visit U.5S. EPA's *Climate Change Indicators in the United States” at
www.epa.gov/climatechange/science/indicators.
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United States Plant Hardiness Zones, 1990 and 2006

1990

Plant hardiness zones:
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Data source: Arbor Day Foundation. 2006. Differences between 1990 USDA hardiness zones and 2006 arborday.org
hardiness zones reflect warmer climate. www.arborday.org/media/map_change.cfm.

For more information, visit U.S. EPA's “Climate Change Indicators in the United States” at
www.epa.gov/climatechange/science/indicators.



Increase in the average
temperature due to increased
concentrations of greenhouse
gases in the atmosphere.
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Climate Change

Changes in climate variables
such as precipitation, snow, and
wind patterns, sea level,
extreme events in addition to
temperature changes.
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Precipitation 2070-2099

! T3 ] = . X
Mg S e ) s N » |
| = 2 3 1 . S I
: e N - R =+ 2 -
45N CHEE T . Y . M Py o
- 3 e - - L
40N — X = - -t
N ( < > v (

9 - " r‘ 20 ~ } o ‘i' W<
| 4 , il ] LA & .2 “Hh‘-(z,/ I
o Y . g‘ by N, \§ .
i / i =\ : / L-.-*}\ .

L] L T l T T | L] l L] L) 1 1) L] l | T | I 0} 1 )

90w 80w 90w 80w
60 40 20 0 20 40 60 80 100 120 140 %
<= =

(Hayhoe et al., 2010)



MICHIGAN STATE
UNIVERSITY

 Extension

Projected Changes in Dalily Precipitation
2081-2100 vs. 1981-2000
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Fig 7. Projected change in (a) spring (Mar-Apr-May) and (b) summer (Jun-Jul-Aug ) average precipitation as simulated under the SRES Alfi (higher) and B1 (lower) emissions
scenarios by the average of the subset of 3 AOGOMs used for the impadt analyses presented in this volume. Predpitation projections are in units of percentage change relative to the
1961-1990 average and have been statistically downscaled to a spatial resolution of one-eighth degree.
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How can climate change impact growers?

* Temperature

* Precipitation

* Extreme events
* Cloud cover

 Carbon dioxide
levels

—

Planting and
harvest times

Plant growth and
development

Weed, disease, &
insect outbreaks

Water quantity
and quality

Irrigation needs

=

R
(Tubiello et al. 2007)
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Adaptation for Ml Dry Beans

= An already resilient crop
= Flexible growth habit
* Fixes atmospheric N
= Benefits from CO2 enrichment

= Adaptation to drought
= Beed new tolerant cultivars
= Plant earlier in the year
= |mprove irrigation
= Move production northward
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1. Investigate drought tolerance of dry bean
cultivars adapted to organic production In
Michigan, including N fixation and yield

2. Share climate data, projections and research
results with Michigan dry bean producers

3. Gather grower and expert input to improve
understanding of potential risks and benefits of
climate change in Ml dry bean systems

16



MICHIGAN STATE
UNIVERSITY

Extension

Methods

 Two locations in Chatham and East Lansing, Ml

* 4dry bean varieties, including R-99 a
non-nodulating mutant

 Planted June 11 (UP) and June 20 (EL)
at 120,000 seeds/acre

* Plots 25’ long with 14” (UP) and 30” (EL) row spacing
* No N fertilizer applied, only Kand S
* Rainout shelters installed R1-R2 over half of each plot

* Precipitation and soil moisture monitored weekly

17
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U.S. Drought Monitor September 3, 2019
(Released Thursday, Sep. 5, 2019)

Michigan Valid 8 am. EDT

Drought Conditions (Percent Area)

None | D0-D4 | D1-D4 | D2-D4 ncz 2

Curment 3575|6425 | 1729 | 0.00 | 0.00 | 0.00

Last Week

0R.3T-3078 3416 | 6584 | 6,96 | 0.00 | D.O0 | 0.00

3 MonthsAgo | 450 00| goo | 000 | 0.oo | coo | 000
06-04-2019

Start of
Calendar Year | 100.00( 000 | 0.00 000 | 000 | 000
01-01-2019

Start of
\Nater Year | 7218 | 27.82 | 867 | 0.00 | 0.00 | 0.00
09-25-2018

One YearAgo | g4 43| 3537 (1496 | 0.00 | 000 | 0.00
05-04-2018

- Intensity:
I:] None |:| D2 Severe Drought

D DO Abnormally Dry - D3 Extreme Drought
D1 Moderate Drought D4 Exceptional Drought
g pt g

The Drought Monitor focuses on broad-scale conditions.
Local conditions may vary See accompanying text summary
for forecast statements

Author:
k David Miskus
NOAA/NWS/NCEP/CPC

droughtmonitor.unl.edu

24
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Mean Daily Light Intensity at Chatham, M|
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Mean Daily Canopy Temperature at Chatham, Ml
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Mean Daily Relative Humidity at Chatham, Ml
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Weekly Rainfall at Chatham, M
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Weekly Rainfall at East Lansing, M

58% Avg. Reduction in Precipitation
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Cumulative Rainfall at Chatham, Ml
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Cumulative Rainfall at East Lansing, Ml

53% Reduction in Total Precipitation
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Soil Moisture at Chatham, Ml
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Soil Moisture at East Lansing, Ml

25% Avg. Reduction in Soil Moisture

[
=

=
La

Stress

=
=

Wilting Point

Volumetric Water Content (%)

5
0
N N e e e e
fﬂﬁ" fﬁ,ﬁ‘ {Jf:! “::1:5 "3‘5 1%,5

s Open Plots —ee—Shelter Plots

33



MICHIGAN STATE
UNIVERSITY

Extension

Dry Bean Yield by Variety at Chatham, Ml

Residual standard error: 5.455 on 25 degrees of freedom
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307 multiple R-squared: 0.6281, Adjusted R-squared: 0.5388
F-statistic: 7.036 on 6 and 25 DF, p-value: 0.0001801
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Dry Bean Yield by Variety at East Lansing, M
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Dry Bean Yield by Treatment at East Lansing, Ml
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Conclusions and Next Steps

» Achieving controlled soil moisture conditions Is
challenging with static rainout shelters, no irrigation

* N fixation is important for yield, esp. in organic

« Of the four varieties, Rosetta yield was least
affected by drought

 Still analyzing effect of treatment on maturity, height,
N fixation and seed microbiome

* Opportunities for northward expansion of Ml dry
bean production exist

 GLISA dry bean climate impact scenarios project

38
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GLISA Climate Impact Scenarios

/ Phase | \ / Phase Il \ Phase Il

e N
Develo climate impact scenarios Integrated research and extension to
bean production and associated P P disseminate key findings to primary

climate variables s el L sl sl stakeholders
A A M A N v,

H » Interactive extension meetings
» Model future climate variability (fishbowl! approach)

and its potential impacts on » Facilitate improved dry bean
organic dry bean production production, via:

-

Assess vulnerabilities of organic dry

v" Climate resilient varieties
Projected Change in Frost-Free Season Length Ve 23 :
Period: 20702099 | Higher Emissions: A2 Opt|m|29d agronomic
: management practices
v" New production regions (or
climate havens)

michiganbean.org

Stakeholder meetings
Identify climate variables that will
impact future dry bean
production systems:

v Growing degree days

v" Precipitation
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