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EPA’s Motivation for  
Regional Climate Modeling Research 

• Taking Action on Climate Change and Improving Air Quality  among  
“Seven Priorities for EPA’s Future” (12 Jan 2010) 

• “As a nation of innovators, we can and will meet this [climate change] 
challenge in a way that advances our economy, our environment, and public 
health all at the same time.” – President’s Climate Action Plan (Jun 2013)  

• “We have a clear responsibility to act now on climate change.   
This Agency has the courage to act.” – EPA Admin. McCarthy (22 Jul 2013) 

 

Climate change is a global phenomenon, but the effects are felt locally. 

Global Climate 
 

- Comprehensive science 

- Emissions scenarios 

- Multi-century data 

- Coarse resolution 

Regional Impacts of 
Climate Change 
 

- Effects on human health, 

air quality, and ecosystems 

- Frequency and intensity of 

extreme events 

Regional Climate Modeling 

using Downscaling 

Large, well-established programs EPA’s interests 



EPA’s Relationship to IPCC Climate Modeling 
and External Climate Modeling Programs 

• Leverage latest global modeling science/expertise/data to create  

regional climate simulations that are “driven” by global scenarios. 

• Focus on U.S. interests in the light of global context. 

• Provide a comprehensive suite of high spatial (36-km and 12-km) and  

temporal (hourly) resolution climate data for applications. 

No public database contains sufficient resolution and suite of atmospheric  
data required to drive EPA models so that we can examine the effects of  
climate change on air quality and pollutant deposition. 

EPA’s Objective: 

To equip environmental managers and policy/decision 
makers with science, tools, and data to inform decisions 
related to adapting to and mitigating the potential 
impacts of regional climate change on air quality, 
ecosystems, and human health. 



What is Dynamical Downscaling? 

Global climate model (GCM) creates 
coarse gridded future climate with 
world-wide coverage. 

Regional climate model (RCM) 
generates gridded higher-resolution 
climate predictions over focal area. 

More detail in local effects from: 

- scale-appropriate physics 

- topography & land/water interfaces 

- urban areas (population centers) 

GCM 

RCM 



Gains in Spatial Scale: 
Global to Regional Climate Models (part 1) 
 

2° × 2.5° Global Model 36-km Regional Model 

Regional models add details:  coastlines, topography, peninsulas. 

cities (often along coastlines)  where the people are 

lakes, estuaries, streams  not shown in global climate predictions 

These details are essential for examining local effects of climate change on 
human health and the environment. 



Gains in Spatial Scale: 
Global to Regional Climate Models (part 2) 

1° × 1° Domain 

12-km Domain 

2° × 2.5° Domain 

36-km Domain 

“Typical” Scale of Global Models (then and now) 

“Typical” Scale of Regional Models (then and now) 



High-Resolution Needed to Capture 
Spatial Variability for Local Assessments 

Figures courtesy of State Climate Office of North Carolina 



Developing Downscaling Methodology  
for Environmental Applications 

• Use historical data sets to develop downscaling methodology 

– 20-year WRF simulations forced using historical data (comparable to global model) 

– Evaluate regional data against observation-based data sets 

• Apply downscaling methodology to future climate simulations 

– Build “ensemble” database by downscaling U.S. global models in IPCC AR5 

• Examine air quality-climate change interactions, as well as impacts on  

human exposure, energy demands, ecosystems, etc. 

– Apply EPA models (CMAQ and BenMAP) for National Climate Assessment Interagency 
Special Report on the Impacts of Climate Change on Human Health in the United States  

 

Sets of 11-year current (ca. 2000) and future (ca. 2030) WRF runs using: 

1. NASA/GISS ModelE2 (RCP 6.0) 
2. NCAR/DOE CESM (RCP 8.5; others coming this summer!) 
3. NOAA/GFDL CM3 (coming this summer!) 



Comparing Downscaled “Current” Climate 
to Observed Conditions 

ModelE2 

WRF 

Obs 

Mean Temperature: 

Winter 

Mean Temperature: 

Summer 

EPA downscaled 
current temperature 
is realistic. 
 
Regional model is 
broadly consistent 
with global model 
with appropriate 
local features. 



Changes (2030–2000) in Mean 2-m Temperature: 
ModelE2 vs. WRF 

January:  ModelE2 July:  ModelE2 

July:  WRF January:  WRF 
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More pronounced warming in winter than summer.  Regional model 
generally more intense than global model, and with local differences. 



Projected Changes (2030-2000) in 
Extreme Days 

Freeze Days 

(T  <  32°F) 

-28 -20 -12 -4 4 

“Hot” Days 

(T  >  90°F) 

-8 8 24 40 56 

days/yr days/yr 

As expected, projected decrease in freeze days and increase in “hot” days. 

Areas with maximum changes in both extreme events are not aligned with areas of 
maximum changes to daily maxima and minima. 



Changes in Air Quality under Future Climate 
with Constant Anthropogenic Emissions 

-4 -2 0 2 4 -3 -1 1 3 -4 -2 -0.5 2 0.5 -3 -1 1 3 

ppb K 

July:  Change (2000–2030) in  

Daily Max 2-m Temperature  

JJA:  Change (2000–2030) in  

Max Daily 8-h O3 

Increases of 0.5–2 ppb daily 8-hourly maximum O3, largely consistent with 
area of warming of 0.5–2 K in central/eastern U.S.   



Several Options for Regional Climate Data –  
Making the Most Informed Decisions 

• Although comprehensive, GCM data are not perfect. 

– Downscaled data often depend on GCM and “inherit” biases and errors. 

• Dynamical downscaling requires extensive computing resources. 

– “Cost” must be considered for multi-decadal and centurial runs. 

• “Downscaling” is not a solved problem. 

– Active area of research; philosophical differences to “best” approach. 

• There is no “best downscaling method”. 

– Strategy dictated by application and region(s) of interest. 

• Demonstrating “value added” with downscaling is difficult. 

– Data with finer granularity are nice, but how can we show that they’re better? 

• Avoid misuse of data 

– Need to communicate strengths and limitations of future climate data. 

 



Can our dots be connected? 

1. What are your data needs (time periods, regions, types of events)? 

2. What data do you currently use (or plan to use) for climate 

resilience applications? 

3. What climate resilience applications are you anticipating in the 

near-term (next 1-2 years)? 

4. If our data were freely available to you, would you be willing to 

work with us to use those data? 
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Dynamical Downscaling: 
Pros and Cons 

PROs: 
 
Allows consistent physical and 
dynamical evolution of climate data 

Can obtain high spatial resolution 
to focus on area/region of interest 

Can be used for extremes 

Some coordinated modeling efforts 
(NARCCAP, CORDEX) and 
databases 

CONs: 
 
Typical spatial resolution is  
~10s of kilometers 

Computationally expensive – 
impractical for century runs 

Scientific disagreements over  
“how” to do it 

Lots of sources for data –  
quality and assumptions vary 



EPA Dynamical Downscaling Improves 
Prediction of Historical Extreme Events 
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For 20-year historical 
period, number of 
annual extreme events 
(“hot” days and wet 
days) better simulated 
by EPA downscaling. 
 
(Otte et al., J. Climate, 
2012) 



EPA Downscaling Improves  
Simulation of Flooding and Drought 

Traditional 

EPA 

Obs 

Location of 1993 
Midwest U.S. floods 
better simulated with 
EPA downscaling than 
traditional method.  
(Bowden et al., Clim. 
Dyn., 2013) 



Downscaling Can Simulate Prolonged Wet and Dry 
Conditions (Preludes to Flooding and Drought) 

Observation-Based Model-Based 

Note:  Observational database is U.S. only. 

Alternating areas of prolonged wet and dry conditions well-simulated at  
15 years into historical downscaling simulation.  (Talgo et al., in preparation) 



Increasing Resolution with Downscaling can 
Reduce Errors in Key Atmospheric Fields 

Progressively increasing spatial resolution reduces error in 
temperature, wind speed, and moisture compared to observations, 
often in areas where O3 predictions matter most.   
(Bullock et al., J. Appl. Meteor. Climatol., 2014) 

Error (m s-1) in 10-m Wind Speed 

2006 Average 

36-km 12-km 



EPA Model Updates for Summertime 

Clouds/Rain Improve Prediction of Extremes 

Satellite Observations 
Traditional 

EPA 

Better representation of summer 
clouds and rain with EPA science.  
(Alapaty et al., Geophys. Res. Lett., 
2012; Herwehe et al., J. Geophys. 
Res., 2014) 



EPA Science Improves Downscaled 
Rainfall Totals from Hurricanes 

Observations EPA 

EPA“better” Traditional 

Hurricane Katrina 
inland rainfall totals 
improved with EPA 
science updates. 
 
(Bullock et al.,  
in preparation) 



EPA-Enhanced Regional Climate Model 
Reduces Temperature Error Near Lakes 

Error (ºC) in 2-m Air Temperature 

Summer 2006 

 
Traditional 

EPA using 
Lake Model 

Embedding a lake model within the regional climate model improves: 

 Air temperature near lakes 

 Water temperature of lakes 

 Ice coverage (including ice onset and melting periods) 

 Prediction of frequency and intensity of lake-effect snow events 

(Mallard et al., J. Geophys. Res., submitted) 


