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Gridded Historic Climate Data
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Climate and Weather Drive Key Ecological Processes

Whittaker’s biome classification; image from Wikipedia, Garrabou et al. 2009 Global Change 
Biology



4Applied Remote Sensing Training Program

Broad Scale Studies Link Ecological Data to Gridded Climate Data

Fick, S.E. and R.J. Hijmans, 2017. Worldclim 2: New 1-km spatial resolution climate surfaces for global land areas. International Journal of Climatology
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Gridded Data are Estimated from Climate Stations

Credit: Robert Rohde/Global 
Warming Art
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Gridded ‘Observations’ Are Still Estimates

Behnke et al. 2016 Ecological Applications
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More Uncertainty in ‘Observed’ Climate in the Mountains

Oyler et al. 2015 Geophysical 
Research Letters
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Datasets differ in spatial resolution, available years, and variables

Worldclim.org; http://metdata.northwestknowledge.net/



9Applied Remote Sensing Training Program

Derived Variables Are Becoming More Easily Accessible

Climate Engine: http://clim-engine.appspot.com/; Huntington et al. 2017 Bulletin of the American Meteorological Society



Global Climate Model (GCM) Data
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Global Climate Models

Heavens et al. 2013 Nature Education Knowledge



12Applied Remote Sensing Training Program

Representative Concentration Pathways

Knutti and Sedlacek 2013 Nature Climate Change
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Climate Models Reproduce Broad-Scale Spatial Patterns Well

Flato et al. 2013. Evaluation of climate models. Ch. 9 of IPCC Physical Science Basis
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Model Performance Varies Among Regions and Metrics

Sheffield et al. 2013 
Journal of Climate
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Lack of Observations Can Make It Hard to Assess Models

Sillmann et al. 2013 Journal of 
Geophysical Research: Atmospheres
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Climate Model Output Is Rarely Used Directly in Ecological Studies

• Bias

• Coarse Spatial Scale

Switzerland. Rajczak et al. 2016 Journal of Climate

Flato et al. 2013. Evaluation of climate models. Ch. 9 of IPCC Physical Science Basis
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Bias-Correction Is Often Based on Quantile Mapping

From MACA Website: http://maca.northwestknowledge.net/MACAmethod.php; Abatzoglou and Brown 2012 International Journal of Climatology
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Climate Data Are Bias-Corrected to a Particular Observational 
Dataset

Sofaer et al. 2017 Global Change Biology
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Projections at Finer Spatial Resolutions: Downscaling Methods

• Delta method
– Apply change in GCM to historical climate data

• Statistical downscaling
– Model relationship between broad-scale and fine-scale climate
– Many different methods

• Dynamical downscaling
– Based on a Regional Climate Model 
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Delta Method: Applies Mean Change in GCM to Historical Climate

Sofaer et al. 2017 Global Change Biology
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Widely-Used Datasets Are Based on the Delta Method

Worldclim.org; ClimateNA: http://tinyurl.com/ClimateNA
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Statistical Downscaling

Sofaer et al. 2017 Global Change Biology

GCM: projected 
change in temp 
(°C)

GCM: projected 
change in 
precipitation (mm)

Statistically 
downscaled: 
projected change 
in temp (°C)

Statistically 
downscaled: 
projected change 
in precipitation 
(mm)
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Preserves Projected Differences in Means and Extremes
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Means and Extremes Can Change at Different Rates

Sofaer et al. 2017 Global Change Biology

Projected change in 
mean July 
temperature (°C)

Projected change in 
hottest day 
expected in July in 
10-yr period (°C)
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Dynamical Downscaling Can Capture Processes That GCMs Miss

https://na-cordex.org/



Using Climate Projections



27Applied Remote Sensing Training Program

First identify key climatic drivers of your system

Bateman et al. 2016 Ecological Applications

Fox Sparrow

Model Based on Short-Term Variables Model Based on Long-Term Averages
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Consider Simple Sensitivity Analyses (e.g. + 4°C)

Albright et al. 2017 PNAS
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Spatial Scale: Don't Interpret Cell by Cell!

U.S. Climate Resilience Toolkit: 
Climate Explorer: 
https://toolkit.climate.gov/#climate-explorer
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How Many and Which Models and Pathways to Choose?

• Representative Concentration Pathways (RCPs):
– Focus on one RCP if projections are to midcentury or earlier
– Common to use 4.5 and 8.5 for end of century

• Climate models:
– Cull models that perform poorly in region or for variables of interest

• Using ‘raw’ output
– Strategies:

• As many GCMs as feasible / available
• Span range of GCM projected changes
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Consider Amount of Change Projected by Different Models

ClimateNA: http://tinyurl.com/ClimateNA
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Consider Amount of Change Projected by Different Models

Sofaer et al. 2016 Ecological Applications
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Developing and Summarizing Ecological Projections

• Predict to each climate model / 
RCP separately 
– Can average ecological results, 

but not climate inputs
– Show the variability!
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If Long-Term Means Are Key Drivers: Use Delta Method

Sofaer et al. 2017 Global Change Biology
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If Extremes Are Key Drivers: Consider 'Model Space'

Sofaer et al. 2017 Global Change Biology



Questions?

Helen Sofaer: hsofaer@usgs.gov


