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Integrating Future Climate 
Uncertainty



Climate change is rapidly altering environmental processes, reshaping and transforming ecosystems, at 
times in surprising ways. These are expected to intensify in coming decades. Land managers are asked 
to better anticipate these impacts and develop science-informed adaptation strategies.



Future Climate Uncertainty

Magnitude and Direction of Change
- How much hotter? 
- Will there be more or less water? 
- How will the severity of extreme weather/climate 

events change?

Emission Scenario & Future Time Horizon

Figure Source: Fig. 3.6, NCA 2023
https://nca2023.globalchange.gov/all-figures/ 

Integrate this uncertainty 
into assessments

https://nca2023.globalchange.gov/all-figures/


Scenario Planning: A functional and effective approach to consider in the   
face of significant & irreducible uncertainties

Image: National Park Service 

Scenario-based approaches are increasingly being used to do 
climate change impact assessments by practitioners



Science Support and Applications Development for USFWS Species Status Assessments

Images: FWS (John Guinotte)



Integrating Climate Uncertainty: Working with divergent climate futures

Very Hot & 
Wet

Hot & Dry
Hot



 

USFWS - Climate Information for Species Status Assessments

SSA climate metric table 



Climate Applications for 
USFWS Species Status 

Assessments



❖ Close working relationship with Imtiaz and Katherine has 
created efficiencies for FWS when dealing with SSA future 
condition.

➢ Future condition (large climate component) is one of the 
most difficult issues for FWS biologists working on SSAs

■ Uncertainty in climate scenarios and species response.



❖ Iterative approach to toolbox development has enabled FWS to 
provide input for tool improvement to suit our needs

➢ Climate Metric Table automated

➢ GIS shapefile upload option has streamlined table 
generation for separate sp. populations (big time saver) 

➢ Visualization tools to help guide biologists in making 
choices (Climate Scatter tool).



Climate Toolbox



The Climate Toolbox
climateToolbox.org



gridMET 
historical data

• Blend of  ground 
station/satellite daily 
data from  PRISM & 
NLDAS2 

• Jan 1, 1979- Yesterday

• 2.5 mile grid cells

• Contiguous USA

CMIP5 – MACA- gridMET 
future projection data

• Daily projections from 
IPCC’s CMIP5

• Projections to 2100

• 20 climate models

• 2 future scenarios 
(RCP4.5/8.5)

NMME - gridMET 
forecast data

• Monthly forecasts 
from NOAA’s NMME

• Forecasts for next 7 
months

• 5 climate models

CFSv2 - gridMET 
forecast data

• Daily forecasts from 
NOAA’s CFSv2

• Forecasts for next 
28 days

• 48 ensemble 
members

All data has been bias corrected to gridMET (2.5 mile grid cells, contiguous USA)

Past/Real-Time Forecasts Future Projections

Toolbox - The Data



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) was completed in 2011

Future Climate Projections

Climate Outputs



RCP8.5  – ”High emissions”
A ‘business as usual’  extension of our 
current emissions pathway where 
there is 8.5 W/m2 by 2100.
RCP4.5 –”Low emissions”
a reduced emissions pathway from 
global mitigation of emissions. 4.5 
W/m2 by 2100.

Historical Simulations Future Simulations

1950 - 2005 2006 - 2100

Historical -
Pre-industrial greenhouse gas
emissions

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

• Correct errors in 
modeling

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 (1950-2099) 

Toolbox - Future Projection Data 

Future Climate Projections

2.5 
mile

2.5 mile

Grid 
cell



Climate Data Hydrology Data

Precipitation Evaporation

Runoff

Base flow
Soil 
Moisture

Snow 
Water
Equivalent

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

Toolbox - Future Projection Data

Fire Danger Data

● VIC Model - UW Lettenmaier/Nijssen 
● Monthly Water Balance Model  - 

Hostetler, Alder 

National Fire Danger Rating 
System
● fuel model G (dense conifer 

forests) 

Metrics: 
● Energy release component
● Burning index
● 100-hr fuel moisture



Water Metrics

Climate Metrics Ecology Metrics

• Temperature 
• Precipitation
• Humidity
• Wind
• Radiation

• Soil moisture
• Total moisture
• Snow water 

equivalent
• Runoff 

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

Toolbox - The Metrics  



The Climate Toolbox



Toolbox - Future Climate Scatter Tool



● Select future climate 
scenarios from GCMs, 
RCPs.

● Select location
of habitat.

● Select summary 
climate metrics.

Toolbox - Future Scenarios Tool



Toolbox - Future Scenarios Tool



Thank You!
Katherine Hegewisch: khegewisch@ucmerced.edu
John Guinotte: john_guinotte@fws.gov
Imtiaz Rangwala: imtiaz.rangwala@colorado.edu

mailto:khegewisch@ucmerced.edu
mailto:john_guinotte@fws.gov
mailto:imtiaz.rangwala@colorado.edu

