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OUTLINE  

● Climate Toolbox: Datasets, Metrics and Tools

● Incorporating Future Climate and Uncertainty in Impacts Assessment

● Application: Using Scenario Climate Information for SSAs

● Hands-On Activity 



The Climate Toolbox



The Climate Toolbox



Historical Data in 
The Climate Toolbox



• Daily data from: 
• Continental USA  
      (4-km, 2.5 mi grids,
         1/24-deg)

Climate Dataset Hydrology Modeling 

Variable Infiltration Capacity (VIC) Model
(1920-Yesterday)

Precipitation Evaporation

Runoff

Base flow
Soil 
Moisture

Snow 
Water
Equivalent

Surface Weather: 
• Temperature 
• Precipitation
• Humidity
• Wind
• Solar Radiation

2.5 mile

2.5 mile

Grid cell

gridMET - a blend of satellite & ground 
station data

(1979-Yesterday)

Toolbox - Historical Data

UCLA Surface Hydrology Group



Water Metrics

Climate Metrics Ecology Metrics

• Temperature 
• Precipitation
• Humidity
• Wind
• Radiation

• Soil moisture
• Total moisture
• Snow water 

equivalent
• Runoff 

● Day of First Fall Freeze
● Day of Last Spring Freeze
● Growing Season
● Palmer Drought Severity Index
● Standardized Precipitation Index

Fire Danger Metrics

• Days since 0.1” precipitation
• 100-hour fuel moisture
• Vapor Pressure Deficit

Toolbox - Historical Data 



Historical Data Tools in 
The Climate Toolbox



Toolbox- Climate Tracker Tool



Toolbox - Climate Scatter Tool



Future Projection Data in 
The Climate Toolbox



Simulations of global weather

• Atmosphere
• Ocean
• Land surface
• Cryosphere

Source: Cal Tech Climate Dynamics Group

Scientists use computer simulations to conduct experiments and test 
hypotheses about our changing climate.

Toolbox - Future Projection Data 

Global Climate Simulations



Over 20 climate modeling centers contribute 
outputs to CMIP.

Models provide daily outputs of temperature, 
precipitation, humidity, wind, radiation. 

The Intergovernmental Panel on Climate Change (IPCC) created the Coupled Model 
Inter-Comparison Project (CMIP) to create an ensemble of future climate projections.

 

Toolbox - Future Projection Data 

Global Climate Models

● phase 5 (CMIP5) completed in  2011
● phase 6 (CMIP6) completed in  2021

Future Climate Projections

Climate Outputs



RCP8.5  –  “High emissions”
is the highest baseline emissions scenario in 
which emissions continue to rise throughout 
the twenty-first century

RCP4.5 – “Intermediate emissions”
a moderate emissions scenario in which 
emissions peak around 2040 and then 
decline

Historical Simulations Future Simulations

1950 - 2005 2006 - 2100

Historical -
Pre-industrial greenhouse gas
concentrations

Each model runs simulations of global weather for historical and future time periods. 

Toolbox - Future Projection Data 

Future Climate Experiments

Historical simulations are 
initialized with pre-industrial 
conditions. 

Future simulations assume an 
emission pathway to 2100. 



Downscaling

• Increase resolution of data
• Remove or reduce biases

Toolbox - Future Projection Data 

Statistical Downscaling

Coarse Model Outputs

~200 mile x ~200 mile grid cells

In downscaling, biases are removed using statistics from a training dataset and the 
resolution of the gridded data is increased. 

Finer Resolution Data

~2.5 mile x ~2.5 mile grid cells

MACA (Multi-Variate Adaptive Constructed Analogs) downscaled CMIP5 outputs using gridMET as training dataset.
(Abatzoglou, 2011)



• Global climate models: 20 GCMS from CMIP5

• Scenarios: Historical, RCP 4.5, RCP 8.5

• Downscaling: MACA (Abatzoglou, 2011)

• Training data: gridMET (1979-2012)

• Spatial coverage: continental USA (4-km, 2.5 mi)

• Daily projections (2020-2099) 

Toolbox - Future Projection Data 

Future Climate Projections



Water Metrics

Climate Metrics Ecology Metrics

• Temperature 
• Precipitation
• Humidity
• Wind
• Radiation

• Soil moisture
• Total moisture
• Snow water 

equivalent
• Runoff
• Streamflow

● Coldest Winter Day
● Hottest Summer Day
● Day of First Fall Freeze
● Day of Last Spring Freeze
● Growing Season
● Days of Max Temperature>86F

Fire Danger Metrics

• Days of Extreme Fire Danger
• 100-hour fuel moisture
• Vapor Pressure Deficit

Toolbox - Future Projection Data 



Toolbox - Find Your Variable Tool



Future Data Tools in 
The Climate Toolbox



Toolbox - Future Boxplots Tool



Toolbox - Future Climate Scatter Tool



Toolbox - Climate Mapper Tool



● Select future climate 
scenarios from GCMs, 
RCPs.

● Select location
of habitat.

● Select summary 
climate metrics.

Toolbox - Future Scenarios Tool



Toolbox - Future Scenarios Tool



Incorporating Future Climate and 
Uncertainty in Impacts Assessment

Current State of Practice

It’s a tricky business…but one which we must carry out 
with the best available information and understanding

Build 
Partnerships!



Challenges
1. Uncertainty: Arising from differences across climate models, 

emission scenarios, and choice and structure of ecological methods 

2. Complexity: Complex interactions between climate and ecological 
process and their relevant spatiotemporal scales (known unknowns 
and unknown unknowns)

3. Constraints: Availability of suitable observed and modeled data at 
appropriate spatiotemporal scales



Uncertainty from emission scenarios 
and inter-model differences



Different Emissions Scenarios

Sustainability 2022, 14(7), 4252; https://doi.org/10.3390/su14074252

https://doi.org/10.3390/su14074252


https://commons.wikimedia.org/wiki/File:All_forcing_agents_CO2_equivalent_concentration.svg



Differences in temperature projections across emission scenarios become important after 2050

Differences across models more 
important by mid-century



Emission scenarios have no significant impact on total precipitation 
projections; natural climate variability has a large influence



Climate Variability/Stochasticity
➔ Fluctuations (ups and downs around a long-term mean) in climatic conditions on 

time scales of months, years, decades, centuries and beyond
 

Precipitation: US Northern Great Plains 

Climate and Weather Extremes!



Changes in Annual Temperature and Precipitation in southwestern Colorado

30-year periods with the median year centered on 
2035, 2050 and 2070 compared to 1971-2000



Hausfather & Peters, 2020

“high-end [emission] scenarios have 
become considerably less likely 
since AR5 but cannot be ruled out. It
is important to realise that RCP8.5 
and SSP5-8.5 do not represent a 
typical ‘business-as-usual’ projection 
but are only useful as high-
end, high-risk scenarios”

IPCC AR6 WGIII Report

On the likelihood of emission scenarios



Scenario Planning to incorporate future climate uncertainty 
into impact assessment 

Graphic: NPS Climate Change Response Program

Image: NPS







TNC’s Colorado Climate Impacts & Opportunities Report, 2018

❏ Selecting and working 
with specific future 
climate scenarios (or 
climate futures)

❏ Use of bivariate 
scatter plot to select 
future climate 
scenarios 

Climate Toolbox can help you do 
these kinds of scenario selections! 



 

USFWS - Climate Information for Species Status Assessments

SSA climate metric table 



 

USFWS - Climate Information for Species Status Assessments

SSAs where the climate toolbox has been used 

Wolverine (CO, MT)

Canada Lynx

Silverspot butterfly (CO)

Southern White-tailed Ptarmigan Western Bumble Bee

Monkey Flower

Phacelia

Hookless Cactus

Cisco and Isely’s milkvetch  



 

USFWS - Climate Information for Species Status Assessments

Recent publication outlining the process and tools

 

Uncertainty, Complexity and Constraints: How Do We Robustly Assess Biological Responses 
under a Rapidly Changing Climate?
Imtiaz Rangwala, Wynne Moss, Jane Wolken, Renee Rondeau, Karen Newlon, John Guinotte, 
William Riebsame Travis
2021, Climate

https://www.wizdom.ai/publication/10.3390/CLI9120177/title/uncertainty_complexity_and_constraints_how_do_we_robustly_assess_biological_responses_under_a_rapidly_changing_climate
https://www.wizdom.ai/publication/10.3390/CLI9120177/title/uncertainty_complexity_and_constraints_how_do_we_robustly_assess_biological_responses_under_a_rapidly_changing_climate
https://www.wizdom.ai/author/imtiaz_rangwala/7d66da371660001
https://www.wizdom.ai/author/wynne_moss/7e540d08c840002
https://www.wizdom.ai/author/jane_wolken/7e540d08c840003
https://www.wizdom.ai/author/renee_rondeau/7dc45f02f980007
https://www.wizdom.ai/author/karen_newlon/7e540d08c840005
https://www.wizdom.ai/author/john_guinotte/7e44f550b1f0007
https://www.wizdom.ai/author/william_riebsame_travis/7d531d22b9c0002
https://www.wizdom.ai/journal/climate/2225-1154


Hausfather & Peters, 2020

“foreseeable future” to 
extend “only so far into the 
future as the Service can 
reasonably determine that 
both the future threats and 
the species’ responses to 
those threats are likely.”

FWS definition of foreseeable 
future



Next Big Challenge to Impact Assessment

Climate 
Driver

Biological
Response 

Relationship?



Multiple ecological/biological response 
scenarios are plausible for a given 
climate scenario!!!



Hypothetical workflow for developing ecological scenarios



Climate Toolbox Activity:
Retrieving Scenario Data 



Regal Fritillary
Location of Interest: 

Prairie Coteau  

(45.8766 N Lat , 98.2591 W Long) 

Climate Variables of Interest: 

• Days with heat index > 105F and 
• Jun-Aug precipitation

Futures of Interest: 

• RCP 4.5
• Mid-Century (2040-2069) 



1. ClimateToolbox.org

2. Future Scatter Tool
• Select location
• Select variables of interest
• Select future emission scenario
• Look at the spread of the model results

• Choose 2 divergent models in the scatter of 
results

• Record the model names & data in Scenario 
Table

• Save the Scenario Table

Climate Toolbox Activity

3. Future Climate Scenario Tool 
• Select location
• Select future emission scenario
• Select the model names from 

previous
• Select different variables
• Generate and save a report



(Prairie Coteau) Regal Fritillary

HOT WET 
(CanESM2

HOT DRY  
(HadGEM2-CC365)



(Prairie Coteau) Regal Fritillary



Conclusions/Wrap Up



Wrap Up



Extra Slides



Past Presentations to Pull Slides from
○ February, 2022 FWS - Slides
○ April 2022 Climate 101 - Slides
○ December 2022 Stakeholder meeting - Slides

https://docs.google.com/presentation/d/1ifpVBkQvPJHns25CiGqHazSOR4JYREzH/edit#slide=id.g111da953fed_5_13
https://docs.google.com/presentation/d/1FHefqHgnFxChmB6RPXriJ6SZvFh6Er9uXm096J37nds/edit#slide=id.g123f86287e1_0_483
https://docs.google.com/presentation/d/1ps3z8J7wEot-hTUCcurwI1HR3-gn0fK1tCh7eFwXdEI/edit#slide=id.g1b1f5f041a7_0_35


❖ Inter-model differences 
contribute significantly 
to the spread in future 
projections

❖ Emissions scenarios 
become important 
largely after 
mid-century

Source: Ed Hawkins; https://www.climate-lab-book.ac.uk/2013/sources-of-uncertainty/

Temperature

https://www.climate-lab-book.ac.uk/2013/sources-of-uncertainty/


❖ Inter-model differences 
and climate variability 
contribute significantly 
to the spread in future 
projections

❖ Emissions scenarios have 
a very limited influence

Source: Ed Hawkins; https://www.climate-lab-book.ac.uk/2013/sources-of-uncertainty/

Precipitation

https://www.climate-lab-book.ac.uk/2013/sources-of-uncertainty/


Climate Projections to Regional Impacts
Often require use of multiple tools and data processing steps 



Climate Projections to Impacts: Compounding of Uncertainty

Wilby & Dessai, 2010 (Weather)



https://www.slideshare.net/VMMeu/1-patrick-willems-camino2015

❖ One main reason to do 
downscaling is to have data at 
the right scale to run an 
impacts model

❖ Bias correction  + Increasing 
spatial resolution

❖ Different downscaled 
datasets could be appropriate 
for a particular assessment — 
consult a climate scientist!

Downscaling of GCM Climate Projections

https://www.slideshare.net/VMMeu/1-patrick-willems-camino2015


Sources of uncertainty in 
climate projections 



Climate Variability
➔ Fluctuations (ups and downs around a long-term mean) in climatic conditions on 

time scales of months, years, decades, centuries and beyond
 

Precipitation: US Northern Great Plains 

Climate and Weather Extremes!



Species Status Assessment Framework

● The SSA Framework is a different 
way of thinking about biological 
status assessments under the ESA. 

● Its purpose is to describe the 
viability of a species in a way that 
supports our ESA decisions. 

● Viability is the ability of a species to 
sustain populations in the wild over 
a biologically meaningful 
timeframe.



Species Status Assessment Framework



 

USFWS - Climate Information for Species Status Assessments

SSA Condition Category Table



 

USFWS - Climate Information for Species Status Assessments

Climate Toolbox Tools



 

USFWS - Climate Information for Species Status Assessments

Climate Toolbox Tools



 

USFWS - Climate Information for Species Status Assessments

Climate Analysis



 

USFWS - Climate Information for Species Status Assessments

SSA Condition Category Table



 

USFWS - Climate Information for Species Status Assessments

Climate Analysis



 

USFWS - Climate Information for Species Status Assessments

Climate Analysis



 

USFWS - Climate Information for Species Status Assessments

Climate Analysis



 

USFWS - Climate Information for Species Status Assessments

Climate Analysis


