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Crop producer response:
• “Yes. I see the patterns in the weather changing”
• “We have always managed around variable weather”
• No-till, or reduced tillage systems retain soil moisture and 

reduce GHG emissions
• Crop diversification to add soil organic matter and resilience 

to price variability
• Add irrigation
• Grow winter wheat instead of spring wheat



Livestock producer response:

• “Yes. I see the patterns in the weather changing”
• “We have always managed around variable weather”
• Create stock ponds in every gully 
• Add irrigation for hay production



• Increase certainty with contracts to grow crops
• Manage for sudden onset of drought with earlier spring and fall 

planting
• Realize that irrigation cannot continue to be expanded
• Plant multispecies cover crops that livestock can be finished on
• Minimize nitrogen fertilizer use, weed and pest control using 

precision agriculture 
• Use decision aids that optimize field specific inputs based on 

monitoring data and in-field experiments

What could crop producers do to be more resilient?



• Experiment with more heat tolerant breeds
• Strategic placement of water
• Plant trees for shade
• Finish livestock on grass and push for local processing
• Market products based on quality and production methods
• Use data intensive monitoring to increase livestock efficiency

What could livestock producers do to be resilient?



http://montanaclimate.org
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MONTHLY TEMPERATURES

• Winter: 5 to 7°F
• Summer: 6 to 7.5°F

(100% model agreement)

RCP 8.5 (2040-2060)



MONTHLY PRECIPITATION

Model agreement: 85%

inches



• High temperatures 
will increasingly 
influence onset and 
severity of drought

• Days over 90⁰F
expected to increase 
5-35 days/year

Long-term Drought in the Future

• Difficult to predict when long-term droughts 
will occur



KEY MESSAGE: SNOWMELT & 
RUNOFF TIMING 

• Observed trends shows shift 
toward earlier snowmelt and 
shifts in timing of runoff

• Increasing temperatures are 
very likely to cause this 
pattern to continue

• Changes in runoff timing 
may result in reduced late-
summer water availability 
throughout MT



STREAMFLOW PROJECTIONS – CLARK FORK
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WHAT DOES CLIMATE CHANGE MEAN FOR
AGRICULTURE?

HOW DOES AGRICULTURE CONTRIBUTE TO
CLIMATE CHANGE?



Total Emissions in 2016 = 6,511 Million Metric Tons of CO2 equivalent US EPA

https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions


17% increase 1990-2016



Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990–2016 (2018) EPS



Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990–2016 (2018) EPS



Maasakkers et. al. 2016, A Gridded National Inventory of U.S. Methane Emissions. 
Environ. Sci. Technol., 2016, 50 (23), pp 13123–13133



GOOD NEWS
• Crops and forage sequester carbon from atmosphere

• Replace fallow with cover crops
• Replace livestock feed crops with protein crops for humans
• Increase, or do not remove, woody plants

• Warmer = longer growing season (maybe)
• More cover crop options

• More precipitation (maybe)
• More cover crops and options

• Soil management improvements
• No-till reduces emissions

• Fertilizer application improvements
• Precision ag to optimize fertilizer rates (minimize pollution while 

maximizing farmer profits and resilience)



BAD NEWS
• New crop options for MT = corn and soybeans 

• ethanol and animal feed = increased GHG emissions

• Warmer = longer growing season
• Wheat pollen viability decreased with more hot days
• Increased irrigation with limited water

• Warmer = increased drought
• Flash drought

• More precipitation (maybe)
• Increased cultivation of previous marginal production acres 
• Plowing up the sagebrush



• MT Livestock can only withstand 
major heat during the day if those 
days are followed by cool nights.

• On hot days livestock require more 
water nearby which increases 
producer costs and impacts on 
waterways.

• Need a breeding program specifically 
focused on heat tolerance and 
grass/cover crop finishing



q Montanans want adaptation strategies and services.

q “Services” will come in the form of public-private 
partnerships that facilitate taking adaptation actions that 
effectively combat impacts being felt and causing damage 
to the local and State economy and to Montanan’s unique 
and high-quality lifestyle

q Farmers and ranchers in particular are experiencing shifts in 
weather patterns directly, and the uncertainty is taking a 
tole. 

Montana Adaptation to Climate Change

Messages from the MCA rollout
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Gaining resilience in agriculture:
Farmers/ranchers must learn for themselves on their land

How will your farm/ranch perform under complex 
interactions?
• Warming climate,
• Increasing range of precipitation possibilities,
• Price volatility,
• Input cost increases 

• Fertilizer
• Herbicides
• Fuel
• Insecticides
• Insurance
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Enter a new era of plentiful data! 
We can now site-specifically parameterize the crop response models 

over a range of weather conditions? 

Monitoring Tools



Need Research to Develop Adaptation Strategies

Critical information needs:
1. Monitoring of weather to calibrate and downscale 

climate models, crop models, forage production 
models, remote sensing

2. Hydrologic monitoring in streams, irrigation canals 
and ground water levels

3. Snowpack monitoring
4. Agricultural monitoring and analysis with precision 

technologies to minimize uncertainty
5. Montana specific crop and forage production models
6. Historic weather pattern analysis and influence on 

forestry, agriculture, recreation, tourism, human 
health, fish and wildlife, drought, stream flows, snow 
storage



http://www.climatechangenews.com/2018/10/08/important-years-history-major-un-report-sounds-last-minute-climate-alarm/

IPCC Report Aug. 2018

Human activities are estimated to have caused approximately 1.0°C (± 0.2°C) of 
global warming above pre-industrial levels. Global warming is likely to reach 
1.5°C between 2030 and 2052 if it continues to increase at the current rate (high 
confidence).

Warming will persist for centuries to millennia and will continue to cause further 
long-term changes in the earth’s climate system. (high confidence)

Climate-related risks for natural and human systems are higher for global 
warming of 1.5°C than at present, but lower than at 2°C (high confidence). 

Climate-related risks dependent on location and the choices and implementation 
of adaptation and mitigation options (high confidence).



http://www.climatechangenews.com/2018/10/08/important-years-history-major-un-report-sounds-last-minute-climate-alarm/

IPCC Report Aug. 2018

Pathways reflecting compliance with the Paris Agreement  would not limit 
global warming to 1.5°C, even if supplemented by very challenging increases 
in the scale and ambition of emissions reductions after 2030 (high confidence). 

Reliance on future largescale deployment of carbon dioxide removal (CDR) 
can only be achieved if global CO2 emissions start to decline well before 
2030 (high confidence).
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