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MACA data: https://climate.northwestknowledge.net/MACA/

ECS = equilibrium climate sensitivity                 TCR = transient climate response

Selected
CMIP5 
models

1. GFDL-ES2M
2. CNRM-CM5
3. CanESM2
4. IPSL-CM5A-MR
5. HadGEM2-ES

o In this study, we consider five divergent future climate scenarios to 
examine mid-21st century projections in E0 from the Multivariate 
Adaptive Constructed Analogs (MACA) downscaled dataset at 4 km 
spatial resolution to assess future changes in E0 and E0 extremes

o The GCM selection depicts large differences in projected changes in the magnitude of warm season (May-Sep) mean 
and extreme E0 (the latter illustrated specifically by the 95th percentile of 90-day E0), and in some cases even direction 
of change. The MACA downscaling largely retains the magnitude and spatial character of change across models.

o [Box to the right] In examining the changes in distributions of warm-season 2-week and 90-day E0 over the Northern 
Great Plains by 2050, in both native GCM and downscaled products, we see increases in the central tendency (i.e., 
mean) that is consistent with each model’s climate sensitivity. In the MACA data, the inter-model differences are 
greatly reduced – benefit of the bias-correction process – while the rightward shift and widening of the PDF is mostly 
consistent with the changes projected by each model.

Changes in probabilities of exceedance (as a multiplicative factor) of 
historical warm season 90-day E0 90th, 95th, and 99th percentiles by 2050

Comparison between native and downscaled projections for historical warm season E0 indicates effectiveness of 
MACA bias-correction step while preserving the climate variability from the native GCMs

Most models point to at least a doubling in occurrence of extreme E0 events. For the 
more rare events (99th and 99.9th percentile), inter-model differences are very large.

Patterns similar to the 2-week E0, but increases in frequency are much larger. For the 
NGP region, most models point to at least a 3-fold increase in extreme seasonal 

evaporative stress. Again, very large differences across models for the most-rare events.

The risks for extreme evaporative demand across the conterminous US
substantially increases by 2050 at both sub-seasonal and seasonal
scales under all future scenarios barring some regional exceptions,
e.g. the south-central US for the lowest-sensitivity GCM (GFDL-ESM2M).

Selection of five GCM scenarios based on 
changes in temperature and precipitation
by mid-21st century (2036-2065 relative to
1976-2005) in the Northern Great Plains 
region (red box in the map below)

o Drought conditions are initiated and/or exacerbated by enhanced 
evaporative demand (E0)

o Several studies project severe to unprecedented drought conditions in 
western and central US due to increasing E0 during 21st century

o E0 projections are highly uncertain due to biases and differences between 
global climate models (GCMs)
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