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What is the IRE? 

Enstrophy is the square of the relative vorticity (ζ2).  Therefore, all enstrophy 

values will be positive, whether a circulation is cyclonic or anticyclonic.  For 

example, if we consider the case of an area with a strong blocking anticyclone, 

and significant cyclones immediately adjacent, we would expect relatively large 

values of negative and positive vorticity, respectively.  Therefore, that region will 

also feature significant integrated enstrophy values.  A positive trend in 

integrated enstrophy suggests more and/or stronger circulations over a region 

and may portend a regime change toward low index flow (Fig. 1). 

 

Fig. 1 Schematic showing examples of periods when regional enstrophy should be increasing 

(IRE↑) and decreasing (IRE↓) with time.  Modified from Robinson and Henderson-Sellers (1999). 

A mean-and-spread plot of 500-hPa enstrophy for the area of the Northern 

Hemisphere, bounded by the Equator and 70N., is shown in Fig. 2.  To get the 

Integrated Regional Enstrophy (IRE) diagnostic (e.g., Jensen et al. 2017) shown 

here (Fig. 3) for 500-hPa, we integrate over the same area as in Fig. 2.  As 

presented, the values have NOT been divided by the area of the latitudinal band, 

thus explaining the units of km2 s-2, as opposed to simply s-2. 

 

Fig. 2.  An example of the 0◦ to 70◦ North region over which the IRE is calculated. 
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Prior work by the Global Climate Change Group at MU has shown that trends in 

the IRE diagnostic can portend changes in the gross hemispheric circulation.  

Using the past ~10 days of information, plus an 8-10 forecast, users are better able 

to detect regime changes.  Work so far has revealed no critical thresholds in IRE, 

but changes in the trend do hold promise in anticipating regime change.  Below 

is an example of five days worth of IRE trends (Fig. 3). 

 

 

Fig. 3.  An example plot of IRE for 5 consecutive 0000 UTC runs of the NAEFS for the 0◦ to 70◦ 

North region. 
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