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Presentation has 2 parts

 Section 1 – High Resolution Dynamical-Downscaling  
Model Analyses and Projections of Climate Change for 
the United States

 Section 2 – Air Quality Analyses using a Global Coupled 
Climate Model with Interactive Chemistry



High Resolution Climate Studies for 
the United States



Overview: Dynamical Downscaling Studies
Use an ensemble of high-resolution dynamically downscaled 
simulations to analyze future projections of extreme temperature and 
precipitation trends. 

1. The technique of dynamical downscaling embeds a higher resolution Regional 
Climate Model (RCM) [e.g. WRF] within the boundary conditions from low 
resolution Global Climate Models (GCMs) [e.g. von Storch et al., 2000].

2. We use 3 GCMs (CCSM4, GFDL-ESM2G, and HadGEM2-ES) as boundary 
conditions to force the WRF with a horizontal spatial resolution of 12 km. 

3. GCMs perform well at projecting global temperature and precipitation on a 
continental scale, but to simulate local and regional climate extremes more 
accurately, higher spatial resolution is needed. 



 Vertical black line represents the historical 95th percentile 

 Historical 95th percentile is projected to occur at least every 
other day in all of the simulations by late century “business 
as usual scenario” RCP8.5.

 Projected summer Northern U.S. regions have a more 
moderate increase in mean and extreme temperatures 
compared to southern regions, but large model 
differences. 

 For Winter (DJF) TMIN, the northern regions project the 
largest decrease in extreme cold temperatures. 

 RCP8.5 projects significantly more extreme events than a 
lower emission scenario RCP4.5. 
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Increased Likelihood of Heat Waves  
• With the RCP 4.5 scenario, most of the 

Midwest is projected to experience an 
average increase of 4-8+ 3-day heat 
waves by late century. 

• With the RCP 8.5 scenario, Midwest and 
Northeast are projected to experience a 
6-12+ increase of 5-day heat waves on 
average.

• The Chicago heat wave in 1995, where 
over 700 people died in Chicago area, was 
a 4-day event with the heat index values 
ranged about 100-115 °F, which is the 95th

percentile in all simulations within the 
ensemble..



Change in 95 °F days 

• Why 95 °F? 
• Schlenker and Roberts [2009] found 

that yield rates for corn, soybeans, and 
cotton increase as temperatures 
approach 84 °F, 86 °F, and 90 °F 
respectively, but temperatures greater 
than these thresholds act to drastically 
decrease crop yields.

• There is almost a month increase in 
95 °F between the RCP 4.5 and RCP 
8.5 by late century in many locations. 



Precipitation Distributions 
Historical simulations show a significant 

increase in accuracy at projecting extreme 
precipitation events compared to GCMs

Extreme events increase and median 
precipitation days decrease in all 3 
regions in the RCM simulations, which 
was not the case in GCM simulations. 

RCMs also project a much different 
outcome in terms of dry days (~2 mm). 
This is especially true in the Southwest 
where a large increase in dry days could 
lead to hydrological stress. 

Percentile of precipitation events



Conclusions 
 Regional climate models run on Blue Waters enhance our understanding of evolving 

climate extremes. 
 Summer temperature extremes are projected to increase significantly, specifically in 

the Southern regions, which lead to a subsequent increase in heat waves.
 5-day heat waves are twice as frequent than 3-day heat waves for the high scenario 

compared to a lower emission scenario by end of the century in the Midwest and 
Northeast. Southern regions have even higher increase 

 Increasing temperatures will also yield a spike in precipitation. When it does rain or 
snow, more likely to come as larger events.

 Extreme precipitation is better captured by high-resolution models compared to low-
resolution models. Seasonal precipitation accuracy improves in Western regions 

 Dry days are projected to increase in most regions of the United States as well as 
extreme precipitation events. Median or average precipitation events are projected 
to decline in all 7 CONUS regions. 



Air Quality in a Changing Climate



Impact of climate change on air quality?
 Warmer temperatures leads 

to more O3 production.
 Increased wildfires increases 

O3 and PM.
 Drier soils, more duststorms.
 Effects of long-range transport

across national boundaries 
from  Mexico, Canada, Asia, 
and North Africa.

 Shifts in weather regimes like 
jet streams, Bermuda highs, 
storm activities and hydrologic 
extremes.
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Project Objectives: Why Blue Waters?

 Blue Waters enables high resolution simulations with the 
global climate system modeling with fully coupled atmospheric 
chemistry.

 Blue Waters also enables a series of sensitivity studies with a 
state-of-the-science Dynamic Prediction system that couples 
the Global model  with a high resolution regional model 

 To determine the individual and combined impacts of global climate 
and emissions changes on U.S. air quality to 2050 under multiple 
scenarios.



Model Runs and Analyses

Global Climate-Chemistry simulations 
 Historical simulations (1980 – 2005) at 0.9o x 1.25o resolution
 Post processing of the monthly and hourly simulation
 Ongoing work - Future projections with full chemistry under RCP8.5 scenario 

from 2005 – 2060. 



CESM Input Emissions: Increasing Trend Globally

 Annual average surface emission of CO and NO. CO includes emissions from, anthropogenic 
activities, biomass burning and oceans and NO emission also includes the emission from soil

 Surface emissions include all known sources, including natural, biomass burning, domestic 
sources, transportation, waste treatment, ships, industry, fossil fuels, and biofuels emissions 
(based on POET, REAS, GFEDv2 and FINN emissions databases)



PM2.5: concentration has 
decreasing  trend in United 
States, Europe, and India, 
and increasing in China

National Standard (annual 
average)

US 12 ug/m3

China 15 ug/m3

India 40 ug/m3

Global US

Europe China

India



Ozone (O3): increasing 
trend both globally and in 
the subregions

National Standard (annual 
average)

US 70 ppb

China 160 ppb

India 100 ppb



Conclusions and Future Work

 High resolution long-term global model simulations using Blue Waters 
improves our understanding of how the changing climate affects air quality.

 Analyses for past climate and emissions changes indicate overall increase in 
global ozone and different regional trends for PM2.5.

 The results from the current analyses are in process of being compared with 
available observations.

 The results for the past will be used as benchmark to evaluate potential 
climate and emission assumption impacts on future air quality.

 We have started the long term future runs to examine potential effects  
globally, with a special focus on the United States.



Thank You



Regional Temperature vs. Precipitation Intensity 
Shows average precipitation 
intensity in the top 1% of 
events greater than 10 mm. 
 Midwest: peak in 

precipitation intensity at a 
cooler temperature in future 
projections. 

 Northeast and for 
temperatures >32°F in the 
Southeast: precipitation 
intensity increases for all 
temperature bins. 

 Northwest: warm shift in 
precipitation distributions 
leads directly to increased 
peak intensity
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