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Abstract 

By calculating the area encompassed from the pole to 
the 5640-m contour at the 500-mb constant pressure level, 
the temporal ebb and flow of the cool air pool can be 
observed. Mean monthly, by year, circumpolar vortex area 
indexes have been calculated for the Northern and 
Southern Hemispheres and are presented for the period 
1948-2002. Recent digital advances have enabled these 
calculations to be automated and to provide greater preci
sion than past analytical and manual measurements. 
While a discernible contractual (warming) pattern is evi
dent in the Northern Hemisphere beginning late in the 
1960s, the pattern of contraction (warming) is observable 
in the Southern Hemisphere from 1948 through the pre
sent. 

1. Introduction 

The circumpolar vortex can be defined as a persistent 
cold, low-pressure center around which the midlatitude 
westerly winds circulate. If considered a representation 
of the pole (singularity) to equator temperature gradient, 
the vortex area increases in size into the winter season 
and correspondingly decreases in size in the summer. 

The area of the cool air pool at defined upper levels of 
the atmosphere has been studied for decades. Using 
planimeter and manual methods of measurement, Angell 
and Korshover (1977a, b; 1978a, b) conducted pioneering 
work at the 300-mb level in the 1970s. The change in cir
cumpolar vortex area served as a proxy for the change in 
mean hemispheric tropospheric temperature. Peterlin 
(1981) calculated 500-mb circumpolar area index values 
by summing 36 meridian lengths at lO-degree intervals 
from the pole to the 5640-m contour on the 
NOAAlNational Weather Service (NWS), National 
Meteorological Center (NMC; now part of the National 
Centers for Environmental Prediction (NCEP)), 500-mb 
constant pressure, hemispheric analysis chart in weekly 
increments, and suggested use of the circumpolar vortex 
area index as a tool for forecasting surface temperature. 
Peterlin et al. (1987) suggested gross regional implications 
could be inferred and a series of mean charts over the cli
matological year were presented as decadal normals. 

43 

Working with different best representative geopoten
tial heights, Frauenfeld and Davis (2000) suggested the 
circumpolar vortex area might offer some information 
about climate change, that is, warming or cooling over 
time. But, the correlation analysis they performed on the 
entire Northern Hemisphere (NH) 500-mb circumpolar 
vortex did not produce any relationships, lending support 
to their notion that vortex responses to EI Niiio/Southern 
Oscillation (ENSO) are regional. This study selects a sin
gle geopotential height for all periods and for both hemi
spheres. 

The purpose ofthis paper is to present the first results 
of an automated circumpolar vortex area index computed 
over the 1948-2002 period for both the Southern and 
Northern Hemisphere, to briefly discuss observable 
trends, and acknowledge additional research potential. 
While this paper considers only the 500-mb constant 
pressure level, additional pressure levels are available for 
more complex consideration and will be presented in the 
future, for both hemispheres. 

2. Data Sources and Methods 

Datasets used in this study are from the NOAAINWS 
National Centers for Environmental Prediction and 
National Center for Atmospheric Research (NCEP
NCAR) reanalysis project. The reanalysis includes spa
tial gridding of the original irregularly spaced dataset 
into a global grid with a 2.5-degree spacing in both lati
tude and longitude. Details of the reanalysis project are 
described in Kalnay et al. (1996). A nearly complete set of 
the historical grids is available via the NOAA-CIRES 
Climate Diagnostics Center (CDC) Web site 
(www.cdc.noaa.gov). 

The daily averaged geopotential height grids were 
downloaded for all available pressure levels for each year, 
1948-2002, the period of record for this study. The geopo
tential height grid data for a user chosen pressure level 
and date are contoured onto a polar stereographic view of 
the Northern or Southern Hemisphere. An arbitrary date 
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Table 1. Comparison of selected 30-year normals of monthly 
mean index values for the Northern Hemisphere. 

1950-1979 1960-1989 1970-1999 1980-2002 
Jan 156.04 154.76 153.38 150.01 
Apr 126.89 126.30 125.38 124.92 
Jul 51.46 50.60 48.23 45.32 
Oct 99.87 99.51 98.69 98.14 

Table 2. Comparison of selected 30-year normals of monthly 
mean index values for the Southern Hemisphere. 

Jan 
Apr 
Jul 
Oct 

1950-1979 
114.60 
122.36 
153.78 
141.34 

1960-1989 
113.78 
120.34 
152.86 
140.01 

1970-1999 1980-2002 
112.34 111.28 
118.82 117.36 
150.18 150.79 
139.37 139.09 

range and time step can be specified by the user. The 
5640-m contour at the 500-mb constant pressure level 
was selected as the target contour, the geographical 
boundary for which the circumpolar vortex index was cal
culated. The 5640-m contour was selected after trial and 
error based on measurability about the vortex during the 
summer season when the vortex shrinks considerably. 

Making use of the NCEP-NCAR reanalysis project 
dataset and modem computer processing, the calculation 
of the circumpolar vortex index was computed via a series 
of 144 adjacent spherical triangles superimposed on the 
hemispheric plot. One vortex of all triangles meets at the 
pole, each forming an angle 2.5 degrees wide at this ver
tex. Two sides of each triangle extend on longitude lines 
from this pole vertex to the remaining two vertices which 
both lie on the target contour line. The third side of each 
triangle is formed by a very short segment of the target 
contour itself. When all 144 triangles are in place, the 
exact and total area enclosed by the target contour is 
completed; the area of each triangle is computed in units 
of spherical degrees. The derivation of this method is 
described in detail by Miller (1994). The summed area of 
all 144 triangles is our circumpolar vortex index. Since 
each hemisphere has a total area of 360 spherical 
degrees, the ratio of our circumpolar vortex index to 360 
yields the fraction of the hemisphere under the influence 
of the circumpolar vortex. 

There is some room for inaccuracy in computation 
should an isoline fold or regress across longitudinal lines 
of a cutoff low or be embedded on the equator side of the 
isoheight (contour) selected to define the vortex area. We 
have purposely tried to minimize this potential for inac
curacy. 

The circumpolar vortex area can be computed daily, 
weekly, monthly, seasonally and annually. This study 
deals exclusively with 500-mb monthly index values cal
culated on day 15 of each month (1948-2002). The cir
cumpolar area index on the 15th serves as a representa
tive sample for each month, which can be studied and 
compared to all months in the 55-year series. Monthly 
mean values were computed. A larger area represents 
more significant cooling; a smaller area represents warm-
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ing. As the Northern Hemisphere area expands, the 
Southern Hemisphere area contracts. The range of 
expansion/contraction in the Southern Hemisphere is 
approximately one half that of the Northern Hemisphere. 

Climatological normals can be defined in several 
ways. Thirty-year averages (1950-1979,1960-1989,1970-
1999, and a partial 1980-2002) of index values were cal
culated for "normal" comparison. Table 1 reflects the pat
tern in the Northern Hemisphere, contraction in July and 
expansion in January. Each succeeding 30-year mean 
(normal) is warmer, although with only 23 years in the 
final base period, the warmest, 1980-2002, is useful only 
as an illustration of an ongoing trend. In the Southern 
Hemisphere (Table 2), the normal values also reflect a 
continuous, consistent, ongoing contractual phase of the 
vortex. 

To compute an annual mean monthly circumpolar 
area index, the 12 midmonth index values were simply 
summed and an average value computed and presented 
as representative of the year. Looking at the Northern 
Hemispheric annual circumpolar area index plot (Fig. 1), 
the period 1948-1963 suggests an expansive pattern that 
reverses in 1964 and becomes contractive. While visual 
warming occurs over the length of the period, momentum 
appears in pulses, specifically 1963-64, 1984-85, and 
1997-98. Figure 2, a graphical representation of the 
Southern Hemispheric annual plot, depicts a consistent 
and definitive contractive pattern with little interrup
tion. There are few periods of sharp year-to-year variabil
ity, 1985-1987 being an exception, although without trend 
reversal. 

3. Use of the Area Index as a Forecasting Tool 

Circumpolar vortex studies can provide useful infor
mation to the operational forecaster, generally at the syn
optic or macro scales. At an annual level, the size of the 
vortex can provide a reasoned approach to recognizing 
the pattern and pathway of global change. While no one 
has suggested global temperatures have been constant 
over long periods of time, global change is now charged 
with political and societal context that begs for a scientif
ic underpinning. This paper's annual representation sug
gests some variability in warming in the northern hemi
sphere where most studies have been completed, but sug
gests a consistent, progressive and continuing warming 
in the Southern Hemisphere. 

Weekly circumpolar vortex area index values over a 
period as short as 6 to 12 weeks can offer a regression set 
that when forced forward as a forecast can provide 
monthly mean trend values for temperature that are rep
resentative of persistence. If vortex values are broken 
into regional components, the regional component along 
the North American Pacific coast can offer some insight 
into the placement of the polar jet boundary and the 
large-scale movement of warming or cooling trends about 
the Southern and Central Plains. 

This paper considers vortex measurements mainly at 
the annual level, although some monthly mean values 
are used to support the global pattern. Work at the sea
sonal, monthly, and weekly hemispheric and regional 
level is ongoing. 
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Fig. 1. Graph of Northern Hemisphere yearly mean vortex area 
index values, 1948-2002. 

4. Summary and Conclusion 

The annual mean Northern Hemispheric circumpolar 
vortex area index for the period 1948-2002 depicts early 
cooling from 1948 to 1963. A period of extreme volatility 
occurs from 1963 to 1968, after which, a discernable pat
tern of warming is established and persists. The interval 
1997-1998 suggests a period of extreme volatility that 
accelerates the contractual pattern. The 1976-1977 data is 
not nearly as extreme as 1963-1964, 1984-1986 or 1997-
1998. While not suggesting a cause, whatever the forcing 
mechanism, the depicted warming arising from the volatil
ity of the 1960's is consistently evident after 1968. 

The yearly Southern Hemispheric circumpolar vortex 
area index for the period 1948-2002 is more consistent 
a,nd less volatile year to year than the Northern 
Hemisphere, although the periods 1951-1952, 1957-1958, 
and 1986-1987 seem to warrant in-depth analysis. 
However, the Southern Hemispheric circumpolar area 
index presentation consistently and continuously dis
plays a warming trend, 1948-2002. 

The authors found no evidence of a relationship to EI 
Niiio variability, although that is more a consequence of 
the smoothing procedure used in calculating the mean 
monthly area index by calendar year than anything else. 
Episodic events that occur over a period less than a full 
year and those that occur across calendar years could be 
effectively masked. When the index is calculated and pre
sented by month or by week, there may be a greater like
lihood of presenting a relationship with other indices, 
specifically, ENSO, the Pacific Decadal Oscillation, the 
North Atlantic Oscillation or the Arctic Oscillation. 
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Fig. 2. Graph of Southern Hemisphere yearly mean vortex area 
index values, 1948-2002. 
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Recognize Excellence by Nominating Colleagues/or 

NWA ANNUAL AWARDS 

The National Weather Association (NW A) began its annual 
awards program in 1977 to provide deserved recognition to those 
individuals involved in operational activities. The NW A Annual 
Awards Program recognizes the professional as well as the 
volunteer. The emphasis is on the people who perform the day
to-day tasks of providing meteorological information and 
weather support services to the public. 

Please review the award categories carefully and use the 
category most appropriate for the nomination being submitted. 
Award Categories are: 

Operational Achievement Individual Award: This award is 
presented to a NW A member who has made a significant 
contribution to operational meteorology (e.g., an accurate and 
timely forecast for one or more significant weather events or for 
long-period achievement). 
Operational Achievement Group Award: This award is 
presented to a group of two or more individuals for a significant 
contribution to operational meteorology. At a minimum, a 
majority of the group (greater than 50%) must be NW A 
members. 
Member of the Year Award: This award is presented to a 
NW A member who has made significant contributions to the 
organization over a period of time. 
T. Theodore Fujita Research Achievement Award: This 
award is presented to a NW A member whose research has made 
a significant contribution to operational meteorology. 
Walter J. Bennett Public Service Award: This award is 
presented to an individual or organization directly assisting the 
meteorological community in providing weather-related 
information to the public. Individuals and organizations in the 
meteorological profession are ineligible for this award. 
Public Education Award: This award is presented to an 
individual or organization providing significant contributions to 
increase the public's weather awareness. 
Aviation Meteorology Award: This award is presented to an 
individual or group to recognize significant contributions to 
aviation meteorology, such as impact of operational forecasts on 
aviation operations or advances in aviation meteorology 
including research in detection and forecasting of aviation 
hazards. 

Broadcaster of the Year Award: This award is presented to a 
NW A member Radio or Television weathercaster, or other 
member of the broadcast media, whose activities have 
significantly contributed to the development and presentation of 
weather information to the public service. Radio and Television 
weathercaster candidates must be current NW A Seal of Approval 
holders and have had the NW A Seal of Approval for at least one 
year prior to being nominated for this award. 
Local Chapter Award: This award is presented to a Local 
Chapter of the NW A whose activities have significantly 
increased awareness of the weather and of the NW A in their 
local area. 

The Larry R. Johnson Special Award: This award is presented 
to an individual or a group to recognize unique events or 
extraordinary accomplishments, which significantly contributed 
to operational meteorology. 

Submitting Nominations: 
Please use the new cover sheet that can be copied from the 
NWA Web site at: www.nwas.orglaward.htrnl or sent via Fax 
from the NW A office (call: 434-296-9966), and attach a 
narrative nomination (up to two pages in length) with no more 
than three supporting letters of endorsement. The 
nominations should be mailed by 1 July 2006 to: 

NWA Awards Committee 
Daniel McCarthy, Chairperson 
1697 Capri Way 
Charlottesville, VA 22911-3534 

Although there is no rigid time requirement for the awards, it is 
preferred that the accomplishment, if not on a continuing basis, occur 
within 18 months prior to the nominations. Self nominations will not be 
accepted. If the nomination is not selected as the winner, it will remain 
a valid nomination for two additional years unless the nominee(s) are 
no longer in positions applicable to the award. The nomination may be 
updated by the submitter in each of those additional two years. Names 
of previous winners and additional award information are available on 
the Web site: www.nwas.orgJaward.html. 

Presentation of the annual awards for 2006 will be made at the 
NW A Annual Meeting, Awards Luncheon, 18 October 2006, at the 
InterContinental Hotel in Cleveland, Ohio. 


