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Forest Service – 193 million acres  
Intermountain Region – 32 million acres



Intermountain Region’s Subregions
Climate Assessment



We have lots of information!
What is important?  What isn’t? 

Who decides?

Important: 

• Multi-perspective
• Structured



Climate Change Performance Scorecard
FY11 – FY16 

Organizational Capacity
1 Employee Education
2 Designated Climate Change Coordinators
3 Program Guidance

Engagement
4 Science and Management Partnerships
5 Other Partnerships

Adaptation
6 Assessing Vulnerability
7 Adaptation Actions
8 Monitoring

Mitigation and Sustainable Consumption
9 Carbon Assessment & Stewardship
10 Sustainable Operations
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Climate Change Performance Scorecard
FY11 – FY16 for Intermountain Region
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Image source: http://www.sacbee.com/static/weblogs/photos/2009/03/020268.html. 
“Mike McDonald cross country skis across the National mall in front of the U.S. Capitol on Monday, March 2, in Washington, D.C. A late season snow storm hit the east coast of the U.S. late Sunday evening and early Monday morning leaving behind the most significant snowfall of the season in the Washington region. Getty Images / Win McNamee” �



Climate Assessment Schedule

• June 2014: Regional coordinator conference call
• February 2015: Leadership meeting and approval
• April 2015: Kick-off meeting
• March 2016: Webinar series
• May – June 2016: Two-day workshops
• 2016 – 2017: Writing & review
• 2017 – 2018: Into edit, layout, press
• May 2018: GTR Published/Roll-out workshop 



IAP / R4 Climate Assessment posted:  
www.fs.usda.gov/goto/cc

http://www.fs.usda.gov/goto/cc


Intermountain Adaptation Partnership (IAP)

Goals for the science-
management partnership:

• Increase climate change 
awareness

• Assess vulnerability of natural 
resources

• Develop adaptation strategies 
and tactics

http://adaptationpartners.org/iap



March 2016 Two-Hour Webinars

Dates Topics

March 3 Climate, Hydrology, Soils, Water Resources

March10 Vegetation, Ecological Disturbance

March 17 Fisheries, Aquatics, Terrestrial Species

March 24 Recreation, Infrastructure

March 31 Cultural Heritage, Ecosystem Services



2016 Two-Day Workshops 

Dates Location Total Attendees Forest Service Partners

May 4-5 Ogden, Utah 50 41 9

May 11-12 Boise, Idaho 53 32 21

May 18-19 Salt Lake City, Utah 54 37 17

May 25-26 Reno, Nevada 43 28 15

June 1-2 Idaho Falls, Idaho 51 37 14



Focus Areas 

• Climate
• Hydrology, Soil, and Water
• Aquatic Species
• Vegetation
• Ecological Disturbance
• Terrestrial Species
• Recreation 
• Infrastructure
• Cultural Heritage
• Ecosystem Services



“Where conflicting interests 
must be reconciled, the 
question shall always be 

answered from the 
standpoint of greatest good 
for the greatest number in 

the long run.”  
- Gifford Pinchot, 1st Chief 

of Forest Service, 
- 1905-1910
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Forest Service Mission Statement
Incorporating climate science is essential if the 
Forest Service is to fulfill its mission:
• “to sustain the health, diversity, and productivity 

of America’s forests and grasslands for the 
benefit of present and future generations.”



Dave Peterson, PhD
USDA Forest Service, retired 

Professor
University of Washington, Seattle





Introductions 

Main location: Ogden, UT
Virtual locations:  
Ashley National Forest (NF), Vernal, UT
Bridger-Teton NF, Jackson, WY
Dixie NF, Cedar City, UT
Manti-La Sal NF, Price, UT
Payette NF, McCall, ID
Salmon-Challis NF, Salmon, ID
Sawtooth NF, Twin Falls, ID



GROUP EXERCISE - ICEBREAKER



BREAK TIME



Holly R. Prendeville, PhD
Coordinator

USDA Northwest Climate Hub 
FS Pacific Northwest Research Station

Background Information on Climate
Intermountain Region – Climate Assessment Workshop

May 22, 2018



Weather: minutes to months

Climate: 
months, years+

The difference between 
weather and climate is time

Presenter
Presentation Notes
The difference between weather and climate is time. Short-term changes in the atmosphere such as changes in temperature, humidity, precipitation, cloudiness, visibility, & wind that occur over minutes and months is weather, whereas climate is the long-term average of weather over time and space. 

This graph shows the average high and low temperatures for Ogden, UT each month. From this we can see seasonal changes with January being the coldest month on average and July being the hottest month on average. Climate can be examined at different scales here we focus on Ogden, but climate can be estimated at larger spatial and temporal scales. When we average over long periods of time the chaotic events are absorbs by the average events.




Short-term projections

8-10 day vs 1 month 
temperature probability 

outlook

http://www.cpc.ncep.noaa.gov/

Presenter
Presentation Notes
During this workshop you will hear more about climate and how changes in projected climate are expected to affect vegetation, hydrology, aquatics, infrastructure and so on. Consider the projections in both the very near-term and the longer-term that will be presented when develop project and forest plans. In terms of very near-term decisions check out NOAA Climate Predictions Center.



Global temperatures over 
geological time

http://gergs.net/2015/06/updating-the-geological-temperature-plot/all_palaeotemps/

“Normal” climate has meant different things through 
the history of the Earth.

+14

-6

+25

-10

Presenter
Presentation Notes
In this figure we see differences in the surface air temperatures from a global average across geological time. On the y-axis (left is Celsius and Right is Fahrenheit) we see the DIFFERENCE in the estimated surface air temperature from a global average compared to a 30 year period 1960-1990. We see how the average global temperature varied over the last 550 million years to 2015. 2015 is noted by the 0.  Note each panel shows a different interval of time with about 400 million years in the first panel on the left to 20,000 years in the right most panel showing the most recent global climate. Anything above the zero value on the y-axis noted by the black line are temperatures above the surface air temperature for the globe during 1960 – 1990, with below this line indicating below the average 1960-1990 global surface air temperature.

The climate of the Earth over its history has varied from cold conditions with global ice cover to hot conditions when glaciers all but disappeared. Data from the very distant past is derived from the paleo climate records (pollen, vegetation present, stable isotope measurements and so on. From paleo climate records we know that for example, 150 million years ago there was no ice anywhere on Earth. There were dinosaurs in Antarctica, palm trees in Siberia, sea levels were hundreds of feet higher than they are today. 

Looking at this chart of temperature over geological time, it is clear that “normal” climate has meant different things at different times. 

(Gold, A. U. (2013). Global Weirdness. Climate Central. Reports of the National Center for Science Education, 33(4).)
[The Paleocene-Eocene Thermal Maximum (PETM) involved more than 9F of warming in 15-20 thousand years (which is actually a little slower than rates of warming than over the last 50 years), fueled by the input of more than 2000 gigatons (a gigaton is a billion tons!) of carbon into the atmosphere. https://www.e-education.psu.edu/earth103/node/639 ]





Observations in Global 
Climate

http://www.metoffice.gov.uk/research/mon
itoring/climate/surface-temperature#how

Presenter
Presentation Notes
Here are global average temperature anomalies or differences from the observed year (y-axis) and the difference from 1961-1990 average temperature in Celsius. Again values above the black line are warmer than 1961-1990 average temperatures and values below the line are cooler than this time period. The blue bracket and shaded area notes the 1961-1990 time period. Three groups calculated the global average air temperature using different methodologies. The results of these efforts are similar, but not exactly the same due to differences in the methodologies. 

In climate change studies, temperature anomalies are more important than absolute temperature. A temperature anomaly is the difference from an average, or baseline, temperature. The baseline temperature is typically computed by averaging 30 or more years of temperature data. A positive anomaly indicates the observed temperature was warmer than the baseline, while a negative anomaly indicates the observed temperature was cooler than the baseline. 

The plot on the SLIDE shows annual global average temperature anomalies from HadCRUT4 (black line). These represent our best estimates of global surface temperature. However, because there are difficulties in the calculation, the true value of global surface temperature might differ from these best estimates. We put a lot of effort into understanding how much these could affect the numbers and the result is the gray shading in the plot. We expect that the true value of the global temperature will fall within that shaded area in 19 out of 20 cases.

Global average land and sea surface temperatures have increased since 1850, thought to be caused by: The Intergovernmental Panel on Climate Change (IPCC) concluded that "most of the observed increase in global average temperatures since the mid-20th century is very likely due to the observed increase in anthropogenic greenhouse gas concentrations."


http://www.metoffice.gov.uk/research/monitoring/climate/surface-temperature#how


Some 
processes 
often 
included in 
models of 
the Earth’s 
climate 
system. 

Figure source: Karl 
and Trenberth 2003

Presenter
Presentation Notes
When trying to understand climate for the entire globe many processes must be included to understand the Earth’s climate system. Here I will highlight a few of the processes that are often included in models of the Earth’s climate system. These include: incoming solar energy, ocean temperature, currents and salinity, dynamic vegetation and ecology, snow cover, evaporation on land and in the oceans, land surfaces, precipitation, atmosphere, and much more. With all of this information gathered together in a model climate scientists can estimate global surface temperature in the past, present, and future. 




Global Climate Models

Presenter
Presentation Notes
Cell starting conditions: material type (air, soil, water, etc.), temperature, salinity [ocean cells], humidity, greenhouse gas concentration, insolation, and many other variables and constants. 

Global Climate Models calculates atmospheric pressure in each cell – this combined with Earth’s rotation determines exchange of heat, moisture, salinity, etc. between neighboring cells to simulate the circulation of the atmosphere and the oceans.




General 
Circulation 

Models

Presenter
Presentation Notes
General Circulation Models or GCMs is a type of climate model, which provides simulations of global climate. GCMs are numerical models that represent physical processes in the atmosphere, ocean, cryosphere and land surface, are the most advanced tools currently available for simulating the response of the global climate system to increasing greenhouse gas concentrations and provide geographically and physically consistent estimates of regional climate change which are required in impact analysis.

GCMs depict the climate using a three dimensional grid over the globe, typically having a horizontal resolution of between 250 and 600 km, 10 to 20 vertical layers in the atmosphere and sometimes as many as 30 layers in the oceans. 

Their resolution is thus quite coarse. 



Presenter
Presentation Notes
Output from General Circulation Model simulations is used to conduct regional climate modeling or dynamical downscaling. Regional Climate models provides a higher resolution in comparison to General circulation models. 



Online Resources

Northwest Climate Hub
https://www.climatehubs.oce.usda.gov/hubs/northwest

NOAA Climate Predictions Center
http://www.cpc.noaa.gov

Adaptation Partnership
http://www.adaptationpartners.org/

Climate mapper
https://climatetoolbox.org/tool/climate-mapper



Holly R. Prendeville, PhD

Coordinator of USDA Northwest Climate Hub 
Alaska, Idaho, Oregon, Washington

Based out of Corvallis, Oregon

hollyrprendeville@fs.fed.us

541-750-7300





Seth Arens
Research Scientist

Western Water Assessment

Historical and Projected Climate:
Climate models

Intermountain Region – Climate Assessment Workshop
May 22, 2018



Global Climate Models in the IAP

• Tools for projecting future climate

• CMIP: Couple Model Intercomparison Project
• CMIP3 vs. CMIP5

• Model selection – Median results

• Emissions scenarios

• Scenario differences



Coupled Model Intercomparison Project 
(CMIP)

• Which climate model is correct?
• Compare long-term and near-term projections
• CMIP compares hundreds of climate models
• CMIP3 – 2007

• IPCC Fourth Assessment Report
• CMIP5 - 2013

• IPCC Fifth Assessment Report
• 20 modeling groups; > 50 models compared
• More models, more complex models than CMIP3

• Both datasets provide valid projections of future 
climate



Model selection
• CMIP3 and CMIP5 data used in IAP report
• Chapter 3 uses CMIP5 data
• Individual models NOT used to present data
• Median or mean of a group of models used

• Accounts for variability between models
• Median/mean not necessarily the most likely outcome
• More “extreme” model solutions also likely



IAP report, Chapter 3, Figure 3.3 

• 2050 change in temperature   
vs. change in precipitation for 
entire IAP region

• CMIP5 data
• 36 global climate models
• Report uses median or mean 

values of models 
• CMIP3 and CMIP5

• Temperature changes same         
for CMIP3, CMIP5

• More precipitation projected       
in CMIP5

2050 temperature/precipitation change



Emissions scenarios: CMIP3 vs. CMIP5
• CMIP3 scenarios = SRES (Special Report on Emission 

Scenarios, 2007)  specific emission scenarios
• CMIP5 scenarios = RCP (Representative Concentration 

Pathways, 2014)  radiative forcing
• RCP4.5 =                                                                         

SRES B1
• RCP8.5 = 

SRES A1F1

IAP report, Chapter 3, Table 3.2 



RCP: Representative Concentration Pathway
• SRES based on specific emission scenarios
• RCP based on radiative forcing

• Used in CMIP5 climate data

• Radiative forcing is the difference between energy 
absorbed by Earth and reflected into space

• RCP 4.5 means 4.5 Watts/m2 of radiative forcing
• RCP 8.5 means 8.5 Watts/m2 of radiative forcing
• Indirect measure of emissions 
• Changed in atmospheric concentrations of gases alter 

radiative forcing



Radiative Forcing
• SRES based on specific emission scenarios

Changes in gas concentration in atmosphere lead 
to changes in radiative forcing of atmosphere

RCP4.5 – In 2100, radiative forcing of atmosphere = 
71 W/m2 (67 W + 4.5 W)

RCP8.5 – In 2100, radiative forcing of atmosphere = 
75.5 W/m2 (67 W + 8.5 W)



Emission scenarios and RCPs
• Indirect measure of emissions 

IAP report, Chapter 3, Figure 3.13 

RCP 4.5 in 2100
+ 4.3˚ F
~ 630 ppm CO2

RCP 8.5 in 2100
+ 8.8˚ F
~ 1300 ppm CO2



Different approaches to building scenarios
• Median model approach

• Used by IAP report
• Common practice in many reports by local, state and 

federal agencies
• Most reports use different emissions scenarios
• May over-emphasize the middle result of a group of climate 

models

• Scenario approach
• Provides an array of future climates
• Often grouped in warm/hot and wet/dry scenarios for region
• Provides better understanding of a range of future climate



Summary
• Report uses both CMIP3 and CMIP5 data

• Climate chapter (3) uses CMIP5 data

• Different emission scenarios for CMIP3 and CMIP5
• RCP4.5 = SRES B1
• RCP8.5 = SRES A1F1

• RCP scenarios based on radiative forcing
• Median model approach to presenting climate 

modeling data in IAP report



Seth Arens
Research scientist
Western Water Assessment,
CIRES
University of Colorado – Boulder
University of Utah
wwa.arens@gmail.com
801-581-8498

mailto:Wwa.arens@gmail.com
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Uncertainty in Climate Projections
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What is climate uncertainty?
• 3 main sources of uncertainty in projections of future climate

• Inter-model differences (Blue)
• Future emissions - scenario uncertainty (Green)
• Internal climate variability (Orange)

Presenter
Presentation Notes
The diagram uses temperature as an example.
Internal variability is roughly constant through time, and the other uncertainties grow with time, but at different rates.




What is climate uncertainty?
• Inter-model differences – each model gives a different 

result

Range of 
temperature 
anomalies for 
39 models all 
using the 
same scenario 
(RCP 8.5)

Presenter
Presentation Notes
GCMs are designed to do provide projections of future climate using
Fundamental laws of physics 
Approximations of well-known equations
Empirical estimates of physical processes occurring at scales smaller than the model can physically resolve

Different models give different results because the groups running these models 
Make different assumptions about which physics to include
How to formulate their parameterizations 



What is climate uncertainty?
• Future emissions - scenario uncertainty

Range of 
temperature 
anomalies for 
multiple 
models using 
4 scenarios

Presenter
Presentation Notes
So we can quantify the differences between the models – that’s one source of uncertainty



What is climate uncertainty?
• Internal climate variability

Natural climate 
system processes 
cause variability 
in climate over 
short time scales

Presenter
Presentation Notes
So we can quantify the differences between the models – that’s one source of uncertainty



Sources of uncertainty  
• 3 main sources of uncertainty in projections of climate

• Internal climate variability (Orange)
• Future emissions - scenario uncertainty (Green)
• Inter-model differences (Blue)

Presenter
Presentation Notes
Return to this slide to explain in full.




Sources of uncertainty: downscaling  
• There are different methods for downscaling a 200 km 

GCM grid cell – to provide more detail at the local to 
regional scale – different methods > different results

Presenter
Presentation Notes
Joyce and Talbert’s chapter on Historical and Projected Climate uses the bias-correction and spatial disaggregation method (Maurer et al., 2007)




Using Model Ensembles
• To understand uncertainties, we can use multiple 

scenarios – e.g., Joyce and Talbert’s work on Historical 
and Projected Climate in chapter 3 of the GTR-375 uses 
RCP 4.5 (36 models) and RCP 8.5 (34 models)

Fig 3.7, p44

Presenter
Presentation Notes
Historical modeled and projected annual mean monthly minimum temperature, annual mean monthly maximum temperature, and total annual precipitation for 1950–2100 under RCP 4.5 and RCP 8.5 emissions scenarios based on CMIP5 data for the Middle Rockies subregion of the Intermountain Adaptation Partnership region. H



Projecting future precipitation changes
• Precipitation is much more challenging to model than 

temperature, therefore uncertainty is higher than for 
precipitation than for temperature

Precipitation 
(Joyce and Talbert, 2018)

Max temperature 
(Joyce and Talbert, 2018)

Fig 3.7, p44



Summary
• GCMs project a range of climate futures for any given 

location because of 
• Inter-model differences
• Using different scenarios 
• Internal climate variability

• Recommended approach - use ensemble of climate 
models to try to capture some of the uncertainty

• Precipitation projections contain much greater 
uncertainty than temperature projections

• Adaptation planners must understand what uncertainty 
means for decision-making – do you use model 
outputs from RCP 8.5 simulations and to 2100 



Weblinks & Additional Resources 
• Uncertainty in Climate Change Projections (Latif, 2011) 

https://www.sciencedirect.com/science/article/pii/S0375674210001433
• Sources of uncertainty in CMIP5 Projections https://www.climate-lab-

book.ac.uk/2013/sources-of-uncertainty/
• The uncertainty in climate modelling https://thebulletin.org/uncertainty-

climate-modeling
• Cover picture http://www.atkinson.cornell.edu/news/blog/for-better-

science-communication-reduce-uncertainty

https://www.sciencedirect.com/science/article/pii/S0375674210001433
https://www.climate-lab-book.ac.uk/2013/sources-of-uncertainty/
https://thebulletin.org/uncertainty-climate-modeling
http://www.atkinson.cornell.edu/news/blog/for-better-science-communication-reduce-uncertainty


Caiti Steele PhD
Coordinator, USDA SW Climate Hub
Location: USDA-ARS Jornada 
Experimental Range
Email: caiti@nmsu.edu
Phone number: 575-646-4144
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Overview

• Temperature

• Precipitation

• Snow

• Drought



Middle Rockies
Subregion

Change in 
Annual Average 
Temperature

+3.5°C/+6.25°F

+5.25°C/+9.5°F

RCP 8.5 +°C/+10°F

+4.75°C/+8.5°F

RCP 8.5 2080’s, data from MACAv2-Metdata 
monthly, Abatzoglou and Brown 2012



Middle Rockies
Subregion

% Change 
Total Annual 
Precipitation

+5%

+12%F
+24%

RCP 8.5 2080’s, data from MACAv2-Metdata 
monthly, Abatzoglou and Brown 2012



CanESM2 Oct-Mar Precipitation Change
2041-2070 vs 1971-2000

Raw GCM output Dynamically Downscaled

Presenter
Presentation Notes
Such increases as happen, happen in the rain shadows, not in the places with high precipitation, the mountains.



Orographic 
Precipitation

1) Is precipitation sensitive to wind?
2) Has wind changed?
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Fraction of Precipitation as Snow

Luce et al. 2014
Lute and Luce, 2017



Luce et al. 2014
Lute and Luce, 2017 RCP 8.5 2080s 



Fewer Rainy
Days in Summer

Increased 
Evaporation

Earlier 
Snowmelt

Wildfire Acres 
Burned in Forest

Holden et al, in review

69%

27%

4%

Drought and Fire



-15%

+5-7%
+50%

% Change 
May-Sep 
Precipitation

RCP 8.5 2080’s, data from MACAv2-Metdata monthly, Abatzoglou and Brown 2012



Change in 
Number of 
Consecutive 
Dry Days

From NCA 
2014

RCP8.5 2080s



Holden et al, in review

Less Rain and Fewer Rainy Days in Summer: Historical

May-Sep, 1980-2016



Change in Potential 
Evapotranspiration

1850 1900 1950 2000 2050 2100 Milly and Dunne, 2017

Thornthwaite = PDSI

Penman-Monteith
= SC-PDSI

Energy Balance





Summary & Major Results 

• Temperature is increasing

• Precipitation
• Mottled pattern
• Growing understanding of mountains
• Strong seasonal shifts

• Snow
• Warm snow going away faster than cold snow

• Drought
• Greatest controls are precipitation and snowmelt
• Worsening

See Chapter 3
Esp. Table 3.3 for more detail
on T and P



Charles Luce
Research Hydrologist
Boise, Idaho 
cluce@fs.fed.us





DIALOGUE AND Q&A



GROUP EXERCISE



LUNCH TIME
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