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Changes in weather, air mass patterns

Increased temperatures

Increased frequency of forest fires

Increased growing seasons/pollens/mold



The Public’s Health
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Who’s Health?
Vulnerable:

1) Populations

Children/Elderly

Those with asthma, COPD
CVD, diabetes, allergies
other diseases

Resource-poor

2) Locations
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Air mass patterns associated with air 
pollution and asthma/myocardial 

infarction hospital admissions
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& Institute for the Environment, 
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Objectives

•Characterize air mass patterns over the 
state of North Carolina 

•Describe their relationship to air pollution



Objectives

Examine the interrelationships among
– Air mass patterns,
– ozone
– hospitalizations

– asthma 
– myocardial infarctions

Evaluate heat-related morbidity in a vulnerable 
population: children with economic disadvantage



Study Design

•Time series analyses

•Time frame, 1996-2005



Exposures
Meteorological Data
– The National Climatic Data Center archives, 

surface and upper-air data over the U.S. 

Air Masses (spatial synoptic 
classifications)

Air Quality Data
– EPA’s Air Quality System,  ambient ozone 

concentration measurements



The Concept of Air Mass

•How is “air mass” different from basic 
meteorological parameters (temperature, 
pressure, winds, etc.)?

– Source
– Duration
– Spatial coverage



Dry Tropical Air Mass



Spatial Synoptic Classification
Air mass  types

• DM: Dry Moderate (mild and dry)
• DP: Dry Polar (very cold)
• DT: Dry Tropical (hottest and driest conditions at any 

location)
• MM: Moist Moderate (warmer and more humid than MP)
• MP: Moist Polar (cloudy, humid, and cool)
• MT: Moist Tropical (warm and very humid)
• Tr Transition (one air mass giving way to another)
• MT+: Moist Tropical+ (upper limits of the MT)

Sheridan Spatial Synoptic Classification system (2001) 
(sheridan.geog.kent.edu/ssc.html)



Dry tropical trajectories, Summer

(DT 15 trajectories in Summer), Frequency trajectory clusters of 72-hour backward trajectories for 
Charlotte, using EDAS analysis for different air masses during the summer of years 2001, 2002 and 
2003,



Health Outcomes

•Hospitalizations in North Carolina (North Carolina 
Center for State Health Statistics)

– asthma (ICD9 493.x)
– myocardial infarctions (ICD 410)



Statistical Analysis-General Linear 
Models

Evaluated association of ozone with asthma and MI 
hospitalizations for different air masses

Modeling strategy:
– Joint modeling of ozone and air mass

Assumed a Poisson distribution of the outcomes, 
– Checked for over dispersion

Used B-spline function with 24 knots to adjust for nonlinear 
seasonal effect and long term trend. 

Adjusted for differences in meteorological variables (relative 
humidity, pressure) and day of the week.



Results



Monthly Frequency of Air Mass 
Types (1996-2005)

Monthly frequency of occurence of different air masses in North Carolina
based on daily weather analysis during the period 1996 to 2005
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Ozone Threshold and Air Mass 
Type



Ozone & Asthma Hospitalizations

-20 -10 0 10 20
Percent change (or 95% CI) in Asthma admissions per 10ppb rise in Ozone (Charlotte, Greensboro, Raleigh)

Controlled for Dew point, Air mass, Ozone, and Splines (df=24, degree=4)
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Ozone & Myocardial Infarction 
Hospitalizations

-20 -10 0 10 20
Percent change (or 95% CI) in MI admissions per 10ppb rise in Ozone (Charlotte, Greensboro, Raleigh)

Controlled for Dew point, Air mass, Ozone, and Splines (df=24, degree=4)
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Conclusions

•Certain air mass patterns, in conjunction 
with ambient ozone, were associated with 
increased asthma hospitalizations.



Conclusions
•The distribution of ozone concentration is different under 
different air masses.

The Dry Tropical air mass was associated with highest 
ozone concentrations in North Carolina.

Lag 1-day through lag 5-day ozone was positively related to 
asthma hospitalizations under the Dry Tropical air mass. 

•Current day ozone was also associated with increased 
asthma hospitalizations under the Moist Tropical++ air mass.

•Lag 3-day and lag 4-day ozone was also associated with 
increased asthma hospitalizations under the Transition air 
mass.



In the Future?



Future Air Mass Predictions

For Charlotte, NC
(Hanna et al.)



Next Steps

•Use climate and air pollution models to 
construct projected synoptic weather 
classifications and air pollution for 2020-2050.

•Apply our statistical models to project asthma 
and MI hospitalizations for 2020-2050.





Peat Fire near Pocosin Lakes, 
2008

June 11                                   June 12

Rappold et al 2011



Percent change in relative risk for ER visits

Rappold et al 2011



Regional Transport & 
Population Growth



Regional development and Impacts on 
Air Pollution Emissions, Charlotte NC

Rodriguez, Hanna 2009





Recommendations
•Develop North Carolina specific models and 
infrastructure

•Focus research efforts on 
•the effects of climate change and health in vulnerable 
populations 
•new adaptation strategies

•Promote new collaborations among state and local 
governments, universities, public and private institutions.

•Build and maintain public health surveillance, 
emergency preparedness, and research.

Ostry et al. 2010 
Frumkin et al. 2008



Adaptation Strategies
Friel et al 2011
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