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The Physical Science Basis (August 2021)
• climate system & climate change
• advances in climate science 
• multiple lines of evidence from paleoclimate, 

observations, process understanding, and global 
and regional climate simulations

http://www.ipcc.ch/
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The Physical Science Basis (August 2021)

The Current State of the Climate

It is unequivocal that human influence has warmed the atmosphere, ocean and land. Widespread and 
rapid changes in the atmosphere, ocean, cryosphere and biosphere have occurred.

Humans have definitely warmed the 
planet.  

The scale of recent changes across the climate system as a whole and the present state of many aspects of 
the climate system are unprecedented over many centuries to many thousands of years.

Temperatures are rising faster than 
normal on earth and are now higher 
than in a LONG time.

Human-induced climate change is already affecting many weather and climate extremes in every region 
across the globe. Evidence of observed changes in extremes such as heatwaves, heavy precipitation, 
droughts, and tropical cyclones, and, in particular, their attribution to human influence, has strengthened 
since AR5.

Changes are occurring everywhere, 
including extreme events.  It’s more 
clear than ever that humans caused 
this.

Improved knowledge of climate processes, paleoclimate evidence and the response of the climate system 
to increasing radiative forcing gives a best estimate of equilibrium climate sensitivity of 3°C with a 
narrower range compared to AR5.

We understand better how much CO2 
impacts temperature.

http://www.ipcc.ch/
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The Physical Science Basis (August 2021)
Possible Climate Futures

Global surface temperature will continue to increase until at least the mid-century under all emissions 
scenarios considered. Global warming of 1.5°C and 2°C will be exceeded during the 21st century unless deep 
reductions in CO2 and other greenhouse gas emissions occur in the coming decades.

Temperatures will keep rising.

Many changes in the climate system become larger in direct relation to increasing global warming. They 
include increases in the frequency and intensity of hot extremes, marine heatwaves, and heavy precipitation, 
agricultural and ecological droughts in some regions, and proportion of intense tropical cyclones, as well as 
reductions in Arctic sea ice, snow cover and permafrost.

Higher temperatures impact many 
other aspects of climate.

Continued global warming is projected to further intensify the global water cycle, including its variability, 
global monsoon precipitation and the severity of wet and dry events.

Rainfall extremes, both wet and 
dry, will increase.

Under scenarios with increasing CO2 emissions, the ocean and land carbon sinks are projected to be less 
effective at slowing the accumulation of CO2 in the atmosphere.

Natural carbon sinks will become 
less helpful under high emissions.

Many changes due to past and future greenhouse gas emissions are irreversible for centuries to millennia, 
especially changes in the ocean, ice sheets and global sea level.

We’re stuck with many of these 
changes.

http://www.ipcc.ch/
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The Physical Science Basis (August 2021)

Climate Information for Risk Assessment and Regional Adaptation

Natural drivers and internal variability will modulate human-caused changes, especially at regional scales 
and in the near term, with little effect on centennial global warming. These modulations are important to 
consider in planning for the full range of possible changes.

Climate change is happening, even 
if you experience a snowstorm.

With further global warming, every region is projected to increasingly experience concurrent and multiple 
changes in climatic impact-drivers. Changes in several climatic impact-drivers would be more widespread 
at 2°C compared to 1.5°C global warming and even more widespread and/or pronounced for higher 
warming levels.

The impact of climate change will 
be greater if temperature goes up 
more.

Low-likelihood outcomes, such as ice sheet collapse, abrupt ocean circulation changes, some compound 
extreme events and warming substantially larger than the assessed very likely range of future warming 
cannot be ruled out and are part of risk assessment.

Crazy things might happen!

http://www.ipcc.ch/
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The Physical Science Basis (August 2021)

Limiting Future Climate Change

From a physical science perspective, limiting human-induced global warming to a specific level requires 
limiting cumulative CO2 emissions, reaching at least net zero CO2 emissions, along with strong reductions in 
other greenhouse gas emissions. Strong, rapid and sustained reductions in CH4 emissions would also limit 
the warming effect resulting from declining aerosol pollution and would improve air quality.

More CO2 or methane will cause 
more temperature increase

Scenarios with very low or low GHG emissions (SSP1-1.9 and SSP1-2.6) lead within years to discernible 
effects on greenhouse gas and aerosol concentrations, and air quality, relative to high and very high GHG 
emissions scenarios (SSP3-7.0 or SSP5-8.5). Under these contrasting scenarios, discernible differences in 
trends of global surface temperature would begin to emerge from natural variability within around 20 years, 
and over longer time periods for many other climatic impact-drivers (high confidence).

Limiting carbon emissions could 
have a big impact on reducing the 
magnitude of climate change.

http://www.ipcc.ch/
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The Physical Science Basis (August 2021)

Regional fact sheets: www.ipcc.ch/report/ar6/wg1/#Regional

Central and Western North America (CNA and WNA)
Increases in drought and fire weather in WNA and CNA in observations 
and will continue to increase in the future particularly at higher warming 
levels (high confidence, but medium confidence for fire weather in CNA)
Projected increase in extreme precipitation (very likely)
Projected increase in river and pluvial flooding (medium confidence)
Projected increases in precipitation in northern part of CNA in winter 
(medium confidence).
Anticipated decrease in NA Monsoon precipitation (medium 
confidence).

http://www.ipcc.ch/
http://www.ipcc.ch/report/ar6/wg1/#Regional
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The Physical Science Basis (August 2021) 
Interactive Atlas:
interactive-atlas.ipcc.ch/

http://www.ipcc.ch/
https://interactive-atlas.ipcc.ch/
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• The Physical Science Basis (August 2021)

• Mitigation of Climate Change (March 2022)
• Emissions
• Opportunities to decrease greenhouse gases

• Impacts, Adaptation and Vulnerability (February 2022)
• Ecosystems and ecosystem services
• Agriculture, Health, poverty, development
• Regional impacts

http://www.ipcc.ch/
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temperatures



<-Longer dry season->

Bradford et al. 2020. Global Change Biology



N. American drylands: changing hot-dry stress
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Bradford et al. 2020. Global Change Biology



Increasing weather variability … more unusual 
extreme events.

(IPCC 2021)
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<-Longer dry season->

Higher 
temperatures• Shifting seasonality & phenology

• Longer frost-free period
• Increased plant activity in cool seasons

Vegetation impacts
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NPS Photo

• Shifting seasonality & phenology
• Mortality & dieback in response to 

extremes
• Potentially more barriers to plant 

establishment

• Long-term changes in plant viability:
• Changes in productivity
• Decreasing for cool-season grasses
• Mixed changes for warm-season grasses
• Potential shifts toward deep-rooted 

woody plants

Vegetation impacts

Palmquist et al. Global Change Biology 2021

Havrilla et al. in Prep.

Decreasing
Increasing



NPS Photo

• Shifting seasonality & phenology
• Mortality & dieback in response to 

extremes
• Potentially more barriers to plant 

establishment
• Long-term changes in plant viability

• Increasing transformations driven by 
multiple stressors (climate w/wildfire 
invasions, land use)

Vegetation impacts
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Climate adaptation: conceptual frameworks

https://www.nps.gov/subjects/climatechange/radframework.htm

https://www.nps.gov/subjects/climatechange/radframework.htm


Climate adaptation: conceptual frameworks

https://www.nwf.org/ClimateSmartGuide

https://www.nwf.org/ClimateSmartGuide


What is the resource of concern?
Identify focal resources for the rest of the project.

What is changing? 
Estimate exposure to long-term aridification.

What are the impacts? 
Synthesize knowledge about vegetation sensitivity to 
aridification.

What can we do? 
Identify short- and long-term management strategies that 
enhance adaptive capacity.

How do we make it happen? 
Incorporate strategies into management plans and actions.



Climate adaptation: resources

www.fs.usda.gov/ccrc/

www.niacs.org/

www.forestadaptation.org

http://www.fs.usda.gov/ccrc/
http://www.niacs.org/
http://www.forestadaptation.org/


Climate adaptation: tools
• https://toolkit.climate.gov/tools
• https://www.climatehubs.usda.gov/hubs/northern-

forests/adaptation-tools
• https://www.fs.usda.gov/ccrc/tools
• https://climatetoolbox.org/
• https://training.fws.gov/courses/alc/alc3184/resources/tools/CCTool

Matrix.pdf

• Many other more specific tools are emerging: e.g. ecological drought 
forecasts to enhance dryland restoration success:

• https://chsapps.usgs.gov/apps/land-treatment-exploration-tool/map

https://www.climatehubs.usda.gov/hubs/northern-forests/adaptation-tools
https://www.climatehubs.usda.gov/hubs/northern-forests/adaptation-tools
https://www.fs.usda.gov/ccrc/tools
https://climatetoolbox.org/
https://training.fws.gov/courses/alc/alc3184/resources/tools/CCToolMatrix.pdf
https://chsapps.usgs.gov/apps/land-treatment-exploration-tool/map


Forecasting 
dryland plant establishment 

to enhance restoration success 

Sagebrush shrublands… to annual grasslands

Dry forests… to shrub- or grasslands

Drylands are transforming

John Bradford (USGS): jbradford@usgs.gov

Restoration is widespread but 
success is not!
Plant establishment is often limited by 
dry conditions

Establishment requirements are 
reasonably well recognized
Soil moisture details are critical (depth & 
seasonal timing of moisture)
Some quantitative models exist

We are forecasting soil 
moisture & plant establishment   
Using NOAA’s seasonal temperature & 
precipitation anomaly forecasts with 
ecosystem water balance modeling and 
establishment models.

Opportunities for improvement 
• Gather & integrate monitoring data of seeding outcomes to iteratively 

improve ecological models
• Build establishment models for more species, genotypes, & seed sources
• Increased confidence in anomaly forecasts confidence will constrain 

forecast uncertainty
• Forecasts are currently point-based, need to created gridded products for 

landscape and regional planning
https://chsapps.usgs.gov/apps/land-treatment-exploration-tool/map

mailto:jbradford@usgs.gov
https://chsapps.usgs.gov/apps/land-treatment-exploration-tool/map






Climate change information: New IPCC report(s) & resources
Projections similar to previous reports: warmer temperatures, variable precipitation
Greater confidence about processes, human influence, and weather extremes 

Implications for ecological drought in drylands of the west
Warmer (perhaps wetter) cool season 
Earlier spring drying,  longer and hotter summers & more variability

Potential impacts to vegetation
Shifting seasonality & increased mortality
Changes in viability and transformations

Opportunities for climate adaptation
Conceptual frameworks exist
Practical resources are available….tool for adaptation to drought & climate changes are growing

jbradford@usgs.gov

mailto:jbradford@usgs.gov


Bradford et al. 2020. Global Change Biology
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