
The observed trend in ozone pollution •	
days, n, is driven by trends in emissions E 
and in the number of cyclones C, allowing 
us to decompose the trend:                     

The trend •	 due to changes in the 
frequency of cyclones, shown in red 
above, can then be expressed as:                 

We•	  conclude from our data that without 
emission reductions, the number of 
ozone pollution days in the Northeast 
would have increased by 0.63 a-1.

Rearranging the equation from above •	
reveals the trend in ozone pollution days 
that would have occurred had there been 
no change in the number of mid-latitude 
cyclones (green, above). We find that the 
trend in ozone pollution days would have 
been -1.5 a-1, rather than the observed 
valued of -0.84 a-1.

 This result implies that •	 decreases 
in mid-latitude cyclone frequency 
over the past three decades has 
deteriorated air quality in the 
Northeast and offset, by half, the 
benefit of emission controls. This 
demonstrates the effect climate change 
can have on the accountability of 
emission reductions. 

F•	 urther attention to this issue is 
necessary given the consistent prediction 
of lowered frequency of mid-latitude 
cyclones by GCM simulations of the 21st 
century (Lambert and Fyfe, 2006) and 
previous work linking future air quality 
degradation to reduced frontal passages 
across the eastern United States (Mickley 
et al., 2004).

Over the last few decades, EPA has •	
restricted emissions of volatile organic 
compounds (VOCs) and nitrogen oxides 
(NOx ≡ NO + NO2) in order it improve 
ozone air quality. The success of these 
efforts is evident in the time series of ozone 
pollution days within the Northeast, which 
shows a decreasing trend of -0.84 a-1. 

The time series of summertime mid-•	 latitude 
cyclones contains a significant decreasing 
trend of -0.14 a-1. This trend is not found in 
our analysis of the NCEP Reanalysis 2 data, 
but a comparable trend is within the 95% 
confidence interval of the data. In addition, 
a decreasing trend exists within our manual 
analysis of the daily NOAA Weather Maps 
with a magnitude of -0.15 a-1.

We a•	 pplied the cyclone tracking 
algorithm to two simulations of the NASA 
Goddard Institute for Space Studies GCM 

3. The first was run for 50-years with the 
concentrations of greenhouse gases and 
aerosols fixed at their 1950 levels. The 
second simulation used reconstructed 
time-dependent concentrations of 
greenhouse gases and aerosols.  

We find that the trend in mid-latitude •	
cyclones can only be explained by 
increasing levels of greenhouse gases.
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SUMMARY

ABSTRACT  
A51E-0158

We show that the frequency of 
summertime mid-latitude cyclones 
tracking across eastern North America 
at 40°-50°N is a strong predictor of 
stagnation and ozone pollution days in  
the eastern United States. 

The NCEP/NCAR Reanalysis shows 
a significant long-term decline in the 
number of summertime mid-latitude 
cyclones in that track starting in 1980 
(-0.15 a-1). The more recent but shorter 
NCEP/DOE Reanalysis (1979-2006) 
shows similar interannual variability 
in cyclone frequency but no significant 
long-term trend. Analysis of NOAA daily 
weather maps for 1980-2006 supports 
the trend detected in the NCEP/NCAR 
Reanalysis 1. A GISS general circulation 
model (GCM) simulation including 
historical forcing by greenhouse gases 

reproduces this decreasing cyclone 
trend starting in 1980. 

Such a long-term decrease in mid-
latitude cyclone frequency over the 
1980-2006 period may have offset by 
half the ozone air quality gains in the 
northeastern U.S. from reductions in 
anthropogenic emissions.

We find that if mid-latitude cyclone 
frequency had not declined, the 
northeastern U.S. would have been 
largely compliant with the ozone 
air quality standard by 2001. Mid-
latitude cyclone frequency is expected 
to decrease further over the coming 
decades in response to greenhouse 
warming and this will necessitate 
deeper emission reductions to achieve a 
given air quality goal. 
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Surface ozone observations were •	
retrieved from EPA’s Air Quality 
System and averaged onto a 2.5o x 2.5o 

grid. A time series of the number of 
summertime exceedances of the ozone 
National Ambient Air Quality Standard of 
0.08 ppm was generated from this data. 

The June-August frequency of mid-•	
latitude cyclones was derived from 
SLP NCEP Reanalyses 1 and 2 SLP data. 
We used the SLP minimum tracking 
algorithm of Bauer and Del Genio (2007).

Mid-latitude cyclones were also counted •	
by visual inspection of the NOAA daily 
weather maps. 

We found that cyclones •	 tracking 
through 70-90oW and 40-50oN are most 
important for summer air quality.

Stagnation was calculated using the •	
method of Korshover and Angell (1982) 
and the Reanalysis data. 
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The figure above shows an example of a passing mid-latitude cyclone and its associated 
cold front sweeping eastward, dramatically lowering ozone concentrations across the 
eastern United States.
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The correlation of the interannual •	
variability between cyclones and 
stagnation is significantly negative, 
positive between stagnation and ozone 
pollution days, and negative between 
cyclones and ozone pollution days (as 
seen above).

 •	We thus see that there is a clear 
cause-to-effect link, at least in the 
Midwest and Northeast, between 
mid-latitude cyclones, stagnation 
days, and ozone pollution days. This 
allows us to confidently use mid-latitude 
cyclones as a seasonal predictor of ozone  
air quality.

We derive a sensitivity of -4.2 ozone•	  
pollution days per cyclone in the 
Northeast (right).


