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Introduction
This report contains a collection of all the eight WMO Antarctic Ozone Bulletins that were issued over the
course of the 2005 ozone hole season. These Bulletins are based on data from the ground, from balloons and
from satellites. Many stations and institutions have put efforts into providing data in near real time. Without
such timely delivery of data it would not have been possible to produce the Bulletins. Acknowledgements are
found in each of the Bulletins.

List of acronyms and abbreviations
The Bulletins contain many acronyms and abbreviations for institutions, instruments etc. The table below gives
an explanation of the most used abbreviations and there are links to more information.
Abbreviation Explanation

More information

AURA

Atmospheric chemistry satellite launched by NASA on
15  July 2004.

http://aura.gsfc.nasa.gov

AWI

Alfred Wegener Institute

http://www.awi.de

BAS

British Antarctic Survey

http://www.bas.ac.uk

DU

Dobson Units. A measure of the total ozone column.

http://www.atm.ch.cam.ac.uk/
tour/dobson.html

ECC

Electrochemical Concentration Cell

http://www.fz-juelich.de/icg/
icg-ii/josie/ozone_sondes/ecc

ECMWF

European Centre for Medium Range Weather Forecasts.
Reading, UK.

http://www.ecmwf.int

ENVISAT

Environmental Satellite. Operated by ESA.

http://envisat.esa.int

ESA

European Space Agency

http://www.esa.int

GAW

Global Atmosphere Watch

http://www.wmo.int/web/arep/
gaw/gaw_home.html

GOME

Global Ozone Monitoring Experiment. Instrument on the
European ERS-2 satellite.

http://earth.esa.int/ers/eeo4.96/

KNMI

Royal Netherlands Meteorological Institute

http://www.knmi.nl

MLS

Microwave Limb Sounder. Instrument first launched on
UARS (Upper Atmosphere Research Satellite) and then
on AURA.

http://mls.jpl.nasa.gov

NASA

National Aeronautics and Space Administration

http://www.nasa.gov

NCEP

National Centers for Environmental Prediction

http://www.ncep.noaa.gov
http://www.cpc.ncep.noaa.gov/
products/stratosphere
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Abbreviation Explanation

More information

NDSC

Network for the Detection of Stratospheric Change. Name http://www.ndacc.org
has been changed to Network for Detection of Atmospheric Composition Change (NDACC).

NILU

Norwegian Institute for Air Research

http://www.nilu.no
http://nadir.nilu.no

NIVR

Netherlands Agency for Aeorospace Programmes

http://www.nivr.nl

NIWA

National Institute for Water and Atmospheric Research,
New Zealand

http://www.niwa.co.nz

NOAA

National Oceanic and Atmospheric Administration

http://www.noaa.gov

NSF

National Science Foundation

http://www.nsf.gov
http://www.biospherical.com/
nsf

OMI

Ozone Monitoring Instrument. Instrument on the NASAoperated AURA satellite.

http://aura.gsfc.nasa.gov/instruments/omi

PSC

Polar Stratospheric Cloud

http://www.atm.ch.cam.ac.uk/
tour/psc.html
http://www.sundog.clara.co.uk/
highsky/psc1.htm

SBUV &
SBUV/2

Solar Backscatter UltraViolet Instrument. Instuments on
various NOAA satellites.

http://www.cpc.ncep.noaa.gov/
products/stratosphere/sbuv2to

SCIAMACHY

SCanning Imaging Absorption spectroMeter for Atmospheric CHartographY

http://envisat.esa.int/instruments/sciamachy

TNAT

Temperature for existence of polar stratosperic clouds
of type I (nitric acid trihydrate, NAT). If the temperature
drops below TNAT, polar stratospheric clouds of type I
can form. At 20 km altitude (50 hPa), this temperature is
around 195 K or -78˚C.

TOMS

Total Ozone Mapping Spectrometer

http://toms.gsfc.nasa.gov

UNEP

United Nations Environmental Program

http://www.unep.org

WMO

World Meteorological Organization

http://www.wmo.int

WOUDC

World Ozone and UV Data Centre

http://www.woudc.org
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Forecast map of assimilated total ozone (Dobson units) for 23 August 2005 made at
the Royal Netherlands Meteorological Institute by combining ozone observations from
the SCIAMACHY instrument on the European Space Agency ENVISAT satellite and
wind data from the European Centre for Medium Range Weather Forecasts. The satellite data is continually validated using ground-based observations from the WMO/GAW
ozone network. In this box on the cover, future Antarctic Ozone Bulletins will highlight
results from different WMO partners on a rotating basis.

Executive summary
During the May-August 2005 time period, the temperature conditions in the south
polar stratospheric vortex have been close to the 1995-2004 average. The vortex is
colder than at the same time in 2004, but somewhat milder than in 2003. Total ozone
column values are quite low along the edge of the polar vortex and lower than at
the same time in both 2003 and 2004. It is still too early to give a reliable statement
about the development of this year's ozone hole, so WMO and the scientific community will use ozone observations and meteorological data to keep a close eye on
the development during the coming weeks and months.
G l o b a l A t m o s p h e r e Watch



Background information

Meteorological conditions

The meteorological conditions in the Antarctic stratosphere found during the austral winter (June-August)
set the stage for the annually occurring ozone hole.
Low temperatures lead to the formation of clouds in
the stratosphere, so-called polar stratospheric clouds
(PSCs).  

Meteorological data from the European Centre for
Medium Range Weather Forecasts (ECMWF) in
Reading, UK and the National Center for Environmental Prediction (NCEP) in Maryland, USA, show
that stratospheric temperatures over Antarctica have
been below the PSC type I threshold of -78°C since
the beginning of May and below the PSC type II
threshold of –85°C since late May (see Figure 2).

The amount of water vapour in the stratosphere is very
low, only 5 out of one million air molecules are water
molecules. This means that under normal conditions
there are no clouds in the stratosphere. However,
when the temperature drops below -78°C clouds that
consist of a mixture of water and nitric acid start to
form. These clouds are called PSCs of type I. On the
surface of  particles in the cloud, chemical reactions
occur that transform passive and innocuous halogen
compounds (e.g. HCl and HBr) into so-called active
chlorine and bromine species (e.g. ClO and BrO).
These active forms of chlorine and bromine cause
rapid ozone loss in sun-lit conditions through catalytic cycles where one molecule of ClO can destroy
thousands of ozone molecules before it is passivated
through the reaction with nitrogen dioxide (NO2).

Since the last week of July, temperatures low enough
for PSC type I formation have covered an area of
approximately 25 million square kilometres, or about
80-85% of the vortex area. This area is near the
1995-2004 mean and higher than observed in 2004
but somewhat lower than in 2003 (see Figure 3).
Based upon the historical meteorological record it is
expected that the extent and frequency of PSC occurrence will level off and begin to decrease now as
the sun rises over Antarctica, although the vortex will
gradually increase in size throughout most of August.
Figure 1 shows a map of potential vorticity at the
500 K potential temperature level (approx. 20 km).
This picture indicates how isolated the polar air mass
is from air masses outside the polar vortex. Yellow,
orange and red colours depict regions where the air
is particularly well isolated from the surroundings.

When temperatures drop below -85°C clouds that
consist of pure water ice will form. These ice clouds
are called PSCs of type II. Particles in both cloud
types can grow so large that they no longer float in
the air but fall out of the stratosphere. In doing so
they bring nitric acid with them. Nitric acid is a reservoir that liberates NO2 under sunlit conditions. If NO2
is physically removed from the stratosphere (a process called denitrification), active chlorine and bromine can destroy many more ozone molecules before they are passivated. The formation of ice clouds
will lead to more severe ozone loss than that caused
by PSC type I alone since halogen species are more
effectively activated on the surfaces of the larger ice
particles.  

Presently the vortex is relatively circular, stable and
centred over the pole. However, on 17 August a lobe
of the vortex between 60 and 120° W stretched further north than the rest of the vortex and exposed
these air masses to sunlight.
Figure 2 shows that the daily minimum temperatures
at the isentropic level of 500 K in the south polar region for 2005 have been close the 1995-2004 mean
and somewhat lower than in 2004.
Figure 3 shows that the daily geographical extent of
PSCs of type I (also at the isentropic level of 500 K)
for 2005 have been close to or above the 1995-2004
mean and greater than the 2004 values.

The Antarctic polar vortex is a large low-pressure system where high velocity winds (polar jet) in the stratosphere circle the Antarctic continent. Figure 1 depicts
the vortex on 17 August 2005. The region poleward
of the polar jet includes the lowest temperatures and
the largest ozone losses that  occur anywhere in the
world. During early August, information on meteorological parameters and ozone measurements from
ground stations, balloon sondes and satellites can
provide some insight into the development of the polar vortex and hence the ozone hole later in the season. For more background information see: http://www.
wmo.int/web/arep/O3_summaries/O3_summaries_afischer.html.

Ozone observations
Most of Antarctica still remains under winter darkness, so the average rate of ozone loss there remains relatively low. However, total ozone column
maps synthesised by the World Ozone and UV Data
Centre at Environment Canada, using surface-based
WMO/GAW network observations and satellite data,
show that the sunlit parts of the vortex in mid-August
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Figure 1. Polar orthographic map of
potential vorticity at the potential temperature level of 500 K (ca. 20 km) over
the south polar region for 17 August
2005. It can be seen that the vortex is
displaced to the north in the 60-120°W
sector. This lobe of the vortex is exposed to several hours of sunlight every day. Exposure of vortex air to sunshine will lead to ozone destruction.
In the meantime, this lobe has moved
eastward so that the region with reduced ozone can be found to the east
of the Antarctic Peninsula (see section
on ozone observations and ozone map
on the cover).
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Figure 3. Time series of the area where temperatures are low
enough for the formation of PSCs of type I at the 500 K isentropic level. This corresponds to an altitude of approximately
20 km. The thick red curve shows 2005 (until 21 August). The
blue curve represents 2004. The average of the 1995-2004 period is shown for comparison in grey. The error bars represent
± 2s (standard deviations).
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Figure 2. Time series of daily minimum temperatures at the
500 K isentropic level south of 30°S. The thick red curve shows
2005 (until 21 August). The blue line shows 2004. The average of the 1995-2004 period is shown for comparison in grey.
The error bars represent ± 2s (standard deviations). The two
horizontal green lines at 195 and 188 K show the thresholds for
formation of PSCs of type I and type II, respectively.
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Figure 5. Area (millions of km2) where the total ozone column
is less than 200 Dobson units. All the years from 1996 to 2005
(black dots) are shown. It can be seen that the 2005 ozone hole
so far is quite similar in size to the ozone hole in 2000 (green
curve). Using a threshold of 220 DU will lead to a significantly
larger area (see link to TOMS web site on the next page).

Figure 4. Daily minimum total ozone columns in the Southern
Hemisphere as observed by GOME and SCIAMACHY from
1996 to now. The black dots show the observations for 2005.
Ozone values are relatively low for mid-August.



have total ozone column values well below 200 DU
and even close to 150 DU along the vortex edge,
and in particular in the regions around the Antarctic Peninsula. This is considerably lower than at the
same time in 2004 when the lowest ozone column
was around 240 DU and also somewhat lower than in
mid-August 2003. This result has been confirmed by
independent analyses and forecasts carried out by
the Royal Netherlands Meteorological Institute (see
ozone map on the cover).

the WMO Global Telecommunication System (GTS)
and are also available through the Global Atmosphere Watch programme web page at http://www.wmo.
ch/web/arep/ozone.html. In addition to the National Meteorological Services, the information in these Bulletins
is made available to the national bodies representing
their countries with UNEP and that support or implement the Vienna Convention for the Protection of the
Ozone Layer and its Montreal Protocol.

The lowest daily total ozone columns observed in the
Southern Hemisphere during the last decade can be
seen in Figure 4. This graph shows that the ozone
hole of 2005 is about to form and the minimum total
ozone columns in mid-August are comparable to, or
even a bit lower than, mid-August of the nine previous years. This can be explained by the fact that the
Antarctic vortex is somewhat displaced towards sunlit regions as shown in Figure 1. Sunlight is needed to
drive the catalytic cycles that destroy ozone.

Acknowledgements and links
These Bulletins use provisional data from the WMO
Global Atmosphere Watch (GAW) stations operated
within or near Antarctica by: Argentina (Comodoro
Rivadavia, San Martin, Ushuaia), Argentina/Finland (Marambio), Argentina/Italy/Spain (Belgrano),
Australia (Macquarie Is), France (Dumont D’Urville
and Kerguelen Is), Germany (Neumayer), Japan
(Syowa), New Zealand (Arrival Heights), Russia
(Mirny), Ukraine (Vernadsky), UK (Halley Bay, Rothera) and USA (South Pole). Satellite ozone data
are provided by NASA/TOMS (http://toms.gsfc.nasa.gov/
eptoms/ep_v8.html   and http://jwocky.gsfc.nasa.gov/eptoms/dataqual/
ozone.html), NOAA/TOVS (http://www.cpc.ncep.noaa.gov/products/stratosphere/tovsto/) and NOAA/SBUV/2 (http://www.cpc.
ncep.noaa.gov/products/stratosphere/sbuv2to/). Potential vorticity
and temperature data are provided by the European
Centre for Medium Range Weather Forecasts (ECMWF) and their daily T106 meteorological fields are
analysed and mapped by the Norwegian Institute for
Air Research (NILU) Kjeller, Norway, to provide vortex extent, PSC area and extreme temperature information (http://www.nilu.no/projects/nadir/o3hole). Meteorological
data from the US National Center for Environmental
Prediction (NCEP) are also used to assess the extent
of PSC temperatures and the size of the polar vortex
(http://www.cpc.ncep.noaa.gov/products/stratosphere/polar/polar.html).
Ozone data analyses and maps are prepared by the
World Ozone and UV Data Centre at Environment
Canada (http://exp-studies.tor.ec.gc.ca/cgi-bin/selectMap) and by
the Royal Netherlands Meteorological Institute (http://
www.temis.nl/protocols/O3global.html). UV data are provided
by the U.S. National Science Foundation’s (NSF) UV
Monitoring Network.

Ozone hole
Temperatures are still sufficiently low within the polar
vortex to maintain the chemical processes required
for the formation of the annually recurring Antarctic
ozone hole (see Figure 2). The ozone hole usually
does not reach its maximum size until mid- to late
September, but already by mid-August, one can see
the first signs of ozone destruction, as shown in Figures 4 and 5 and on the cover map.
As the sun rises over Antarctica during the coming
weeks, the ozone hole is expected to deepen. The
amount of ozone loss will be dependent upon prevailing meteorological conditions in the stratosphere,
particularly during September and October. This situation is expected to continue as long as the stratosphere contains an excess of ozone depleting substances.
In August, ozone loss is limited and the sun is still low
in the sky, so the intensity of ultraviolet (UV) radiation
in areas usually affected by the ozone hole is modest.
UV levels will be reported in future ozone bulletins.

Questions regarding the scientific content of this Bulletin should be addressed to Geir O. Braathen, mailto:
GBraathen@wmo.int, tel: +41 22 730 8235.

Distribution of the bulletins
The Secretariat of the World Meteorological Organization (WMO) distributes Bulletins providing current
Antarctic ozone hole conditions beginning mid-August of each year. The Bulletins are distributed via

End of WMO Antarctic Ozone Bulletin 1/2005.
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The size of the ozone hole (area where total ozone is less than 220 DU) as calculated
by the US National Weather Service's Climate Prediction Center. This figure is based
on the NOAA SBUV/2 instrument. The red curve shows the development in 2005 in
comparison to 2003 (green), 2004 (blue) and the mean and range over the 1995-2004
time period (grey and black curves).

Executive summary
Since the last WMO Antarctic Ozone Bulletin, which was published on 23 August,
temperatures have remained cold inside the south polar vortex, and at 20 km altitude ECMWF data show a cooling of a few Kelvin during the last week. Minimum
total ozone columns are around 130-140 DU, which is only slightly less than 10
days ago. However, the area where the total ozone column is less than 220 DU has
increased from 12 to 22 million km2 during the 10-day period since the previous Bulletin. A forecast for the next 7 days indicates a further increase to about 26 million
km2.  Although the development of the ozone hole of 2005 is similar to what was
observed in 2003, it is still too early to make a statement about the maximum size
of this year's ozone hole.
1 Sep 2005

G l o b a l A t m o s p h e r e Watch



Introduction

during the last days, as seen in Figure 2.

For background information on the Antarctic ozone
hole and ozone loss in general the reader is referred
to the previous issue of this Bulletin, which can be
found here: http://www.wmo.int/web/arep/ozone.html

Analyses of zonal mean temperatures from the US
National Center for Environmental Prediction (NCEP)
show that 2005 is between 2003 and 2004 with regard to duration of the lowest temperatures.

More background information is also found here: http://
www.wmo.int/web/arep/O3_summaries/O3_summaries_afischer.html.

Ozone observations
Ozone observations are available from many different
instrument types based on the ground, carried by balloons or on satellites. Minimum ozone values as observed by the SCIAMACHY instrument on ENVISAT
are now around 140 DU. The daily minimum ozone
value is not expected to change much over the next
week according to forecasts from the Royal Netherlands Meteorological Institute. Data from the Total

Meteorological conditions
During the 10 days since the last bulletin minimum
temperatures at the isentropic level of 500 K in the
south polar vortex have dropped by a few Kelvin, as
can be seen from Figure 1. This cooling is also reflected in the area where T < TNAT, which has increased
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Figure 2. Time series of the area where ECMWF temperatures are low enough for the formation of PSCs of
type I at the 500 K isentropic level. This corresponds to
an altitude of approximately 20 km. The thick red curve
shows 2005 (until 31 August). The blue curve represents
2004. The average of the 1995-2004 period is shown for
comparison in grey. The error bars represent ± 2s (standard deviations).

Figure 1. Time series of ECMWF daily minimum temperatures at the 500 K isentropic level south of 30°S. The
thick red curve shows 2005 (until 31 August). The blue
line shows 2004. The average of the 1995-2004 period is
shown for comparison in grey. The error bars represent
± 2s (standard deviations). The two horizontal green lines
at 195 and 188 K show the thresholds for formation of
PSCs of type I and type II, respectively.
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Figure 3. Zonal mean temperatures at 50 hPa from the National Center for Environmental Prediction (NCEP) for the years
2003, 2004 and 2005 are shown in panel A, B and C, respectively. The blue and violet regions at the bottom of the plots
show the low temperatures in the south polar vortex during the austral winter. From these plots it is clear that low temperatures prevailed for a longer period of time (horizontal axis) in 2003 than in both 2004 and 2005. It can also be seen
that low temperatures are more prevalent in 2005 compared to 2004.



Ozone Mapping Spectrometer (TOMS) on the  NASA
Earth Probe satellite show minimum ozone values
around 130 DU.

Low total ozone values have also been observed from
the ground. The Global Atmosphere Watch (GAW)
stations at Marambio (64.2°S, 56.7°W), Rothera
(67.6°S, 68.1°W) and Faraday-Vernadsky (65.2°S,
64.2°W) report ozone columns in the 150-200 DU
range during the last week of August.

Total ozone column maps synthesised by the World
Ozone and UV Data Centre at Environment Canada,
using surface-based WMO/GAW network observations and satellite data, show that the sunlit parts of
the vortex in late August have total ozone column
values well below 200 DU and even close to 150 DU.
Figure 4 shows the change in the area affected by
low ozone values from 21 August to 31 August, as
analysed by Environment Canada.

The lowest daily total ozone columns observed in the
Southern Hemisphere during the last decade can be
seen in Figure 5. This graph shows that the ozone hole
of 2005 is developing in a way that is similar to what
has been observed during the last decade. Minimum
total ozone columns in mid-August are comparable

B

A

Figure 4. Total ozone maps synthesised by the World Ozone and UV Data Centre at Environment Canada. Panel A shows
the situation on 21 August 2005 and panel B shows the situation on 31 August 2005. It is clearly visible that the area with
a total ozone column inferior to 200 DU (dark blue and violet) has increased significantly during this 10-day period.
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Figure 6. Area (millions of km2) where the total ozone
column is less than 220 Dobson units. All the years from
1996 to 2005 (black dots) are shown. The open circles are
forecasts for the next 8 days. This figure shows that the
size of the ozone hole has increased from 12 to 22 Mkm2
during the last 10 days. The forecasts indicate a further
increase to about 26 Mkm2 during the next week.

Figure 5. Daily minimum total ozone columns in the
Southern Hemisphere as observed by GOME and
SCIAMACHY from 1996 to now. The black dots show the
observations for 2005. During most of August, minimum
ozone columns have been lower that at the same time of
the year for the 1996-2004 period. The forecast indicates
that the first week of September will be similar to 2003.



to, or even a bit lower than, mid-August of the nine
previous years. The forecast in Figure 5 shows that
the minimum ozone values next week will be quite
similar to those of the first week of September 2003.

phere Watch programme web page at http://www.wmo.
ch/web/arep/ozone.html. In addition to the National Meteorological Services, the information in these Bulletins
is made available to the national bodies representing
their countries with UNEP and that support or implement the Vienna Convention for the Protection of the
Ozone Layer and its Montreal Protocol.

Ozone hole
The area where the ozone column is less than 220 DU
has increased from 12 to 22 million km2 during the
last 10 days (see Figure 6). A forecast produced
by the Royal Netherlands Meteorological Institute
(KNMI) shows that the size is expected to continue
to increase and reach about 26 million km2 during the
next seven days. This development is very similar to
what was observed in 2003, the year with the largest
ozone hole on record.

Acknowledgements and links

These Bulletins use provisional data from the WMO
Global Atmosphere Watch (GAW) stations operated
within or near Antarctica by: Argentina (Comodoro
Rivadavia, San Martin, Ushuaia), Argentina/Finland (Marambio), Argentina/Italy/Spain (Belgrano),
Australia (Macquarie Is), France (Dumont D’Urville
and Kerguelen Is), Germany (Neumayer), Japan
The ozone hole size, as calculated by the US Climate (Syowa), New Zealand (Arrival Heights), Russia
Prediction Center using SBUV/2 data, has reached   (Mirny), Ukraine (Vernadsky), UK (Halley Bay, Ro24 million km2 (see figure on the cover) and is there- thera) and USA (South Pole). Satellite ozone data are
fore quite similar to the result from KNMI. Data from provided by NASA/TOMS (http://toms.gsfc.nasa.gov/eptoms/
Earth Probe TOMS (NASA) also show that the ozone ep_v8.html   and http://jwocky.gsfc.nasa.gov/eptoms/dataqual/ozone.
hole of 2005 so far develops similarly to the one in html), NOAA/TOVS (http://www.cpc.ncep.noaa.gov/products/strato2003 (see links below).
sphere/tovsto/), NOAA/SBUV/2 (http://www.cpc.ncep.noaa.gov/
The ozone hole usually does not reach its maximum products/stratosphere/sbuv2to/) and ESA/Sciamachy (http://ensize until mid- to late September, so it is still too early visat.esa.int) Potential vorticity and temperature data are
to make a reliable statement about the maximum size provided by the European Centre for Medium Range
Weather Forecasts (ECMWF) and their daily T106 meof this year's ozone hole.
teorological fields are analysed and mapped by the
As the sun rises over Antarctica during the coming Norwegian Institute for Air Research (NILU) Kjeller,
weeks, the ozone hole is expected to deepen (see Norway, to provide vortex extent, PSC area and exFigure 5) and also grow somewhat in size (see Fig- treme temperature information (http://www.nilu.no/projects/
ure 6). The amount of ozone loss will be dependent nadir/o3hole). Meteorological data from the US Climate
upon prevailing meteorological conditions in the strat- Prediction Center are also used to assess the extent
osphere, particularly during September and October. of PSC temperatures and the size of the polar vortex
Annually recurring ozone holes are expected as long (http://www.cpc.ncep.noaa.gov/products/stratosphere/polar/polar.html).
as the stratosphere contains an excess of ozone de- Ozone data analyses and maps are prepared by the
pleting substances.
World Ozone and UV Data Centre at Environment
Canada (http://exp-studies.tor.ec.gc.ca/cgi-bin/selectMap) and by
In August, ozone loss is limited and the sun is still low
the Royal Netherlands Meteorological Institute (http://
in the sky, so the intensity of ultraviolet (UV) radiation
www.temis.nl/protocols/O3global.html). UV data are provided
in areas usually affected by the ozone hole is modest.
by the U.S. National Science Foundation’s (NSF) UV
UV levels will be reported in future ozone bulletins.
Monitoring Network.
Questions regarding the scientific content of this Bulletin should be addressed to Geir O. Braathen, mailto:
GBraathen@wmo.int, tel: +41 22 730 8235.

Distribution of the bulletins
The Secretariat of the World Meteorological Organization (WMO) distributes Bulletins providing current
Antarctic ozone hole conditions beginning mid-August of each year. The Bulletins are distributed via
the WMO Global Telecommunication System (GTS)
and are also available through the Global Atmos-

The next bulletin is planned for 15 September.
End of WMO Antarctic Ozone Bulletin 2/2005.
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Ozone column forecast for the International Day for the Preservation of the Ozone
Layer (16 September) made by the US National Centers for Environmental Prediction
and made available through Environment Canada. This box on the cover highlights
results from different WMO partners on a rotating basis.

Executive summary
Since the last WMO Antarctic Ozone Bulletin 14 days ago, the area where temperatures are low enough for formation of PSCs of type I (nitric acid trihydrate, NAT) has
decreased as the sun now comes back and starts to heat the Antarctic vortex. This
so-called PSC area follows quite closely the development of the 2003 Antarctic vortex and is still significantly larger than in 2004. The area where the total ozone column is less than 220 DU has, during the same time period, increased from 22 to 27
million square kilometres, which means that the ozone hole of 2005 is near the size  
of those of 2000 and 2003, the two years with the largest ozone holes on record.
The size of the ozone hole, as defined above, is now levelling off and is expected
to reach its maximum over the next one or two weeks. The depth of the ozone hole
is expected to continue its increase until the first or second week of October. Since
solar elevations are still low, the UV index at Antarctic stations remains below 3.
15 Sep 2005
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south polar vortex have remained relatively low, but
with some fluctuations, as can be seen from Figure 1.
The area where T < TNAT, has decreased during the
last two weeks, which is normal for this time of the
year, as seen in Figure 2. This area is still higher than
the 1995-2004 average and quite close to 2003 values.

Introduction
For background information on the Antarctic ozone
hole and ozone loss in general the reader is referred
to the first 2005 issue of this Bulletin, which can be
found here: http://www.wmo.int/web/arep/ozone.html
More background information is also found here: http://
www.wmo.int/web/arep/O3_summaries/O3_summaries_afischer.html.

Analyses of the vortex area at the isentropic level of
450 K (about 17 km), made by   the Climate Prediction Center at NCEP/NOAA, shows that the area of
the vortex, during the first week of September, has
stabilised around 30 million square kilometres and is
close to the 1995-2004 average. Graphics showing
this development are updated regularly and available
at the web sites referred to below in the "Acknowledgements and links" section.

Meteorological conditions
During the 14 days since the last bulletin, minimum
temperatures at the isentropic level of 500 K in the
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Ozone observations
Ozone observations are available from many different instrument types based on the ground, carried
by balloons or on satellites. Minimum ozone column
values, as observed by the SCIAMACHY instrument
on ENVISAT, reached values around to 115 DU on
11 September. The last few days the minimum ozone
columns from SCIAMACHY have been around 120130 DU and are expected to remain in that range
during the next 8 days according to forecasts from
the Royal Netherlands Meteorological Institute. Data
from the Total Ozone Mapping Spectrometer (TOMS)
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Figure 1. Time series of ECMWF daily minimum temperatures at the 500 K isentropic level south of 30°S. The thick
red curve shows 2005 (until 13 September). The blue line
shows 2004 and the green line 2003. The average of the
1995-2004 period is shown for comparison in grey. The
error bars represent ± 2s (standard deviations). The two
horizontal green lines at 195 and 188 K show the thresholds for formation of PSCs of type I and type II, respectively.
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Figure 2. Time series of the area where ECMWF temperatures are low enough for the formation of PSCs of
type I at the 500 K isentropic level. This corresponds to
an altitude of approximately 20 km. The thick red curve
shows 2005 (until 13 September). The blue curve represents 2004 and the green curve 2003. The average of the
1995-2004 period is shown for comparison in grey. The
error bars represent ± 2s (standard deviations).

Figure 3. The vertical ozone profile above McMurdo as
measured by ozonesondes on 21 August (black line) and
13 September (thick blue line and dots).
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using surface-based WMO/GAW network observations and satellite data, show that the sunlit parts of
the vortex in mid-September have total ozone column
values well below 200 DU and, in some areas even
below 125 DU. Figure 4 shows the change in total
ozone from 31 August to 14 September, as analysed
by Environment Canada.

on the   NASA Earth Probe satellite show minimum
ozone values around 130 DU.
Ozonesondes launched by the University of Wyoming
from the McMurdo station (78°S) show that about
70 DU of ozone has been destroyed in the 14-22 km
altitude range from 21 August to 13 September (see
Figure 3).

Low total ozone values have also been observed from
the ground. The Global Atmosphere Watch (GAW)
stations at Rothera (67.6°S, 68.1°W), Faraday-Ver-

Total ozone column maps synthesised by the World
Ozone and UV Data Centre at Environment Canada,
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Figure 4. Total ozone maps synthesised by the World Ozone and UV Data Centre at Environment Canada. Panel A
shows the situation on 31 August 2005 and panel B shows the situation on 14 September 2005. It is clearly visible that
the area with a total ozone column inferior to 200 DU (dark blue, violet and grey) has increased significantly during this
14-day period.
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Figure 6. Area (millions of km2) where the total ozone
column is less than 220 Dobson units. All the years from
1996 to 2005 (black dots) are shown. The open circles are
forecasts for the next 8 days. This figure shows that the
size of the ozone hole has increased from 22 to 27 Mkm2
during the last two weeks. The forecasts indicate a further
increase to 28 Mkm2 during the next 8 days.

Figure 5. Daily minimum total ozone columns in the
Southern Hemisphere as observed by GOME and
SCIAMACHY from 1996 to now. The black dots show the
observations for 2005. During most of August and early
September, minimum ozone columns have been lower
that at the same time of the year for the 1996-2004 period. The forecast indicates that the third week of September will be close to the average of the last 10 years.
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ed as long as the stratosphere contains an excess of
ozone depleting substances.

nadsky (65.2°S, 64.2°W) and Halley (75.6°S, 26.7°W)
report ozone columns in the 110-200 DU range during
the first two weeks of September. At Rothera one observed 110 DU on 11 September, the lowest ever this
early in the season.

UV-B radiation

The lowest daily total ozone columns observed in the
Southern Hemisphere during the last decade can be
seen in Figure 5. This graph shows that the ozone
hole of 2005 is developing in a way that is similar to
what has been observed during the last decade. Minimum total ozone columns in August and early September are comparable to, or even a bit lower than,  
similar dates of the nine previous years. The forecast
in Figure 5 (open circles) shows that the minimum
ozone values next week will be quite close to the average of the last 10 years.

Ozone hole

The US National Science Foundation funds a network
for the monitoring of ultraviolet radiation at stations
scattered around the globe. There are several stations
in Antarctica and the southern part of South America.
UV Bulletins are issued regularly by Biospherical Instruments Inc. Their first Antarctic UV Bulletin of 2005
reports on the 22 August to 13 September time period
and states the following:
This year’s ozone hole has already affected all austral network sites, including Ushuaia, leading to noticeable increases in UV. However, prevailing solar
elevations are still small and absolute UV levels are
therefore still low. The UV Index remained below 2.8.

McMurdo Station, Antarctica:

The area where the ozone column is less than 220 DU
has increased from 22 to almost 27 million km2 during the last 14 days according to the analysis carried
out by the Royal Netherlands Meteorological Institute
(KNMI) (see Figure 6). This figure also shows a forecast where the size is expected to continue to increase
and reach 28 million km2 during the next 8 days. This
development is similar to what was observed in 2003,
the year with the largest ozone hole in the KNMI time
series.

McMurdo Station was affected by the ozone hole during the last two weeks. Total ozone dropped to below 180 DU on 10 September 2005. Solar elevations
were still below 8° and UV levels consequently very
low. The maximum UV Index observed during the last
three weeks was 0.3.

Palmer Station, Antarctica:
Total ozone at Palmer Station dropped to below 140
DU on 11 September 2005. The Sun was less than
21° over the horizon during the reporting period. The
maximum UV Index, observed on 11 September 2005,
was 2.8. Typical summer-time indices range between
8 and 10 with maximum indices exceeding 13.

The ozone hole size, as calculated by the US Climate
Prediction Center, using SBUV/2 data, has been
in the    22-24 million km2 range during the first two
weeks of September, which is somewhat lower than
the result from KNMI. Data from Earth Probe TOMS
(NASA) show that the area of the 2005 ozone hole in
mid-September reached about 28 million km2, which
is nearly identical with   the area in mid-September
2003. Plots of the ozone hole area, deduced from
NOAA/SBUV/2  and NASA/EP-TOMS, can be found
at the web sites given in the section on "Acknowledgements and links" below.  

South Pole, Antarctica:
UV levels are still negligible as the Sun has not risen
yet.

Ushuaia, Argentina:
The edge of the ozone hole passed over Ushuaia on
2 September 2005. TOMS measured 212.9 DU on
this day. The UV Index was 1.8. On 12 September
2005, the Sun was less than 31° over the horizon and
UV levels are therefore still small.

Although we are now probably quite near the maximum size of this year's ozone hole, one still needs
one or two more weeks of observations to make a
reliable statement about the maximum size of this
year's ozone hole.

Distribution of the bulletins

As the sun continues to rise over Antarctica during the
coming weeks, the ozone hole is expected to deepen
(see Figure 5). The amount of ozone loss will be dependent upon prevailing meteorological conditions in
the stratosphere, particularly during September and
October. Annually recurring ozone holes are expect-

The Secretariat of the World Meteorological Organization (WMO) distributes Bulletins providing current
Antarctic ozone hole conditions beginning mid-August of each year. The Bulletins are distributed via
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the WMO Global Telecommunication System (GTS)
and are also available through the Global Atmosphere Watch programme web page at http://www.wmo.
ch/web/arep/ozone.html. In addition to the National Meteorological Services, the information in these Bulletins
is made available to the national bodies representing
their countries with UNEP and that support or implement the Vienna Convention for the Protection of the
Ozone Layer and its Montreal Protocol.

provided by the European Centre for Medium Range
Weather Forecasts (ECMWF) and their daily T106 meteorological fields are analysed and mapped by the
Norwegian Institute for Air Research (NILU) Kjeller,
Norway, to provide vortex extent, PSC area and extreme temperature information (http://www.nilu.no/projects/
nadir/o3hole). Meteorological data from the US Climate
Prediction Center are also used to assess the extent
of PSC temperatures and the size of the polar vortex
(http://www.cpc.ncep.noaa.gov/products/stratosphere/polar/polar.html).
Ozone data analyses and maps are prepared by the
World Ozone and UV Data Centre at Environment
Canada (http://exp-studies.tor.ec.gc.ca/cgi-bin/selectMap) and by
the Royal Netherlands Meteorological Institute (http://
www.temis.nl/protocols/O3global.html). UV data are provided
by the U.S. National Science Foundation’s (NSF) UV
Monitoring Network (http://www.biospherical.com/nsf).

Acknowledgements and links
These Bulletins use provisional data from the WMO
Global Atmosphere Watch (GAW) stations operated
within or near Antarctica by: Argentina (Comodoro
Rivadavia, San Martin, Ushuaia), Argentina/Finland (Marambio), Argentina/Italy/Spain (Belgrano),
Australia (Macquarie Is), France (Dumont D’Urville
and Kerguelen Is), Germany (Neumayer), Japan
(Syowa), New Zealand (Arrival Heights), Russia
(Mirny), Ukraine (Vernadsky), UK (Halley Bay, Rothera) and USA (South Pole). Satellite ozone data are
provided by NASA/TOMS (http://toms.gsfc.nasa.gov/eptoms/
ep_v8.html   and http://jwocky.gsfc.nasa.gov/eptoms/dataqual/ozone.
html), NOAA/TOVS (http://www.cpc.ncep.noaa.gov/products/stratosphere/tovsto/), NOAA/SBUV/2 (http://www.cpc.ncep.noaa.gov/
products/stratosphere/sbuv2to/) and ESA/Sciamachy (http://envisat.esa.int) Potential vorticity and temperature data are

Questions regarding the scientific content of this Bulletin should be addressed to Geir O. Braathen, mailto:
GBraathen@wmo.int, tel: +41 22 730 8235.
The next WMO Antarctic Ozone Bulletin is planned
for Thursday 29 September.

End of WMO Antarctic Ozone Bulletin 3/2005.

13

Antarctic Ozone Bulletin
No 4/2005

30

Altitude [km]

25
20
15
10
5
0
0

5
10
15
Ozone Partial Pressure [mPa]

20

Ozone profiles measured with balloon sondes from the GAW/NDSC station at the
South Pole. The ozone soundings are carried out by the Climate Monitoring and
Diagnostics Laboratory of the US National Oceanic and Atmospheric Administration.
This series of profiles shows the progression of ozone depletion from 7 August (thick
grey line) until 23 September (blue curve). The red and green curves show the situation on 28 August and 12 September, respectively. This box on the cover highlights
results from different WMO partners on a rotating basis.

Executive summary
Since the last WMO Antarctic Ozone Bulletin 14 days ago, the area where temperatures are below the threshold for formation of PSCs of type I (nitric acid trihydrate,
NAT) has continued to decrease as the returning sun heats up the stratosphere.
This area has been close to the 2003 values and well above the 1995-2004 average
throughout the month of September. The area where the total ozone column is less
than 220 DU reached a maximum of 26.9 million square kilometres on 19 September and has since then stabilised around 24-25 million square kilometres. Although
the ozone hole area has remained nearly constant during the last two weeks, it has
continued to deepen, and the minimum total ozone columns are now around 110115 DU. Based on forecasts and experience from previous years, the deepening is
expected to continue into the first week of October before minimum ozone columns
start to increase again. The maximum observed UV index at Antarctic stations has
increased since the previous Bulletin from 2.8 to 4.4.
29 Sep 2005
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south polar vortex have increased, but remained below or near the 1995-2004 average, as can be seen
from Figure 1. Looking at the overall development
during the last week of August and the four weeks of
September, minimum temperatures have been relatively low compared to the last decade.

Introduction
For background information on the Antarctic ozone
hole and ozone loss in general the reader is referred
to the first 2005 issue of this Bulletin, which can be
found here: http://www.wmo.int/web/arep/ozone.html
More background information is also found here: http://
www.wmo.int/web/arep/O3_summaries/O3_summaries_afischer.html.

The area where T < TNAT, has continued to decrease
during the last two weeks, which is normal for this
time of the year, as seen in Figure 2. This area has
throughout September been higher than the 19952004 average and quite close to the 2003 values.

Meteorological conditions
During the 14 days since the last bulletin, minimum
temperatures at the isentropic level of 500 K in the
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Analyses of the vortex area at the isentropic level of
450 K (about 17 km), made by   the Climate Prediction Center at NCEP/NOAA, shows that the area of
the vortex has not changed much during the last two
weeks and still hovers around 30 million square kilometres, which is close to the 1995-2004 average. At
550 K (approximately 25 km) the vortex area reached
a maximum in the beginning of September and is now
decreasing slowly. At 650 K (about 28 km) the vortex
area reached a maximum of approximately 40 Mkm2
in early August and is now (22 September) down to
31 Mkm2. Throughout most of   the winter the vortex
area has been very close to the 1995-2004 average
at all three of these levels. Graphics showing this
development are updated regularly and available at
the web sites referred to below in the "Acknowledgements and links" section.
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Figure 1. Time series of ECMWF daily minimum temperatures at the 500 K isentropic level south of 30°S. The thick
red curve shows 2005 (until 27 September). The blue line
shows 2004 and the green line 2003. The average of the
1995-2004 period is shown for comparison in grey. The
error bars represent ± 2s (standard deviations). The two
horizontal green lines at 195 and 188 K show the thresholds for formation of PSCs of type I and type II, respectively.

Area T < TNAT [km2]

25x106

Theta = 500 K

2005
2004
2003
1995-2004

20
15
10
5
0
5

6

7

8
9
Decimal Month

10

11

12

Figure 2. Time series of the area where ECMWF temperatures are low enough for the formation of PSCs of
type I at the 500 K isentropic level. This corresponds to
an altitude of approximately 20 km. The thick red curve
shows 2005 (until 27 September). The blue curve represents 2004 and the green curve 2003. The average of the
1995-2004 period is shown for comparison in grey. The
error bars represent ± 2s (standard deviations).

Figure 3. This map shows Southern Hemisphere total
ozone on 27 September from the Solar Backscattering
UltraViolet (SBUV/2) instrument on board the NOAA-17
polar orbiting satellite. It can be seen that the southern tip
of South America is under the edge of the ozone hole.
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Ozone soundings from the GAW/NDSC AmundsenScott base at the South Pole are shown on the cover
of this Bulletin. The total ozone column, as calculated
from the sonde profiles, has decreased from 266 DU
on 7 August to 121 DU on 23 September, which
amounts to a decrease of about 55%. Time series
of the partial column for the 12-20 km altitude range,
based on South Pole ozonesonde observations, are
given in Figure 5.

Ozone observations
Satellite observations
On 27 September the ozone hole affected the southern tip of South America, as shown in Figure 3. Similar images can also be obtained from NASA/TOMS
and ESA/SCIAMACHY by visiting the links given at
the end of the Bulletin.
Minimum ozone column values, as observed by the
SCIAMACHY instrument on ENVISAT, reached values around 108 DU on 20 September. The last week
the minimum ozone columns from SCIAMACHY
have stabilised around 115 DU and are expected to
decline to 105 DU during the next 8 days, according
to forecasts from the Royal Netherlands Meteorological Institute (Figure 4). Data from the Total Ozone
Mapping Spectrometer (TOMS) on the  NASA Earth
Probe satellite now show minimum ozone values
around 95 - 100 DU. Looking at data from the last few
years, one expects the minimum ozone columns to
decrease for about one more week before they start
to increase.

More ozonesonde data will be reported in the next
Bulletin.

Ground-based observations
Low total ozone values have also been observed
from the ground. The Global Atmosphere Watch
(GAW) stations at Rothera (67.6°S, 68.1°W), Faraday-Vernadsky (65.2°S, 64.2°W) and Halley (75.6°S,
26.7°W) report ozone columns around 150 DU or below during the latter half of September. At Halley, the
2005 observing season has just started and the sun
remains rather low in the sky.  The observations show
that ozone values are falling rapidly and have reached
around 120 DU, around 60% below the normal for the
time of year. On 27 September, one recorded 107 DU,
which is the second lowest value ever recorded for
the month of September at this site.

Ozonesonde observations
Ozonesondes launched by the University of Wyoming
from the GAW/NDSC station at McMurdo (77.9°S,
166.6°E) show that about 100 DU of ozone has been
destroyed in the 14-22 km altitude range from 21 August to 20 September.

Dobson Units
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The Argentinian GAW stations at Marambio (64.2°S,
56.7°W), San Martin (68.1°S, 67.1°W) and Belgrano
(77.9°S, 34.5°W) are all well inside the ozone hole
and report total ozone values in the 110-190 DU dur-
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Figure 4. Daily minimum total ozone columns in the
Southern Hemisphere as observed by GOME and
SCIAMACHY from 1996 to now. The black dots show the
observations for 2005. During most of August and early
September, minimum ozone columns have been lower
that at the same time of the year for the 1996-2004 period. The last two weeks of September have been close to
the average of the last 10 years and the forecast predicts
a development close to this average.

Figure 5. Partial ozone columns at the South Pole for
the 12-20 km height interval. This is the altitude region
where most of the ozone loss takes place. The brown
diamonds show the 2005 measurements. It can be seen
that on several days in September the partial ozone column has been lower than any of the earlier years at the
same date.
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Figure 6. Total ozone maps synthesised by the World Ozone and UV Data Centre at Environment Canada. Panel A
shows the situation on 14 September 2005 and panel B shows the situation on 27 September 2005. It is clearly visible
that the area with a total ozone column inferior to 150 DU (dark grey and light grey) has increased significantly during this
14-day period.

gradually and it reached its lowest value so far this
year (141 DU) on 27 September. This is 54% below
the 1964-76 pre-ozone hole norm.

ing the last two weeks. At Marambio the ozone column has varied between 187 DU on 23 September
and 127 DU on 19 and 26 September. At San Martin,
123 DU was observed on 26 September. Belgrano,
which is located deeper inside the polar vortex, started the observations on 13 September, and ozone
columns have decreased from about 150 to 107 DU
during the two last weeks. The latter is about 60%
below the pre-ozone hole  norm. The GAW station at
Ushuaia (54.5°S, 68.3°W), usually outside the polar
vortex, has been located under the edge of the vortex
during several days in September. Most recently, on
26 and 27 September, the total ozone column fell to
185  and 205 DU, respectively, whereas the long-term
norm for September is around 320 DU at Ushuaia.

The GAW station at Novolazarevskaja (70.8°S,
11.9°E) has reported ozone columns below 150 DU
during the last week, and the column dropped to
109 DU on 23 September.

WOUDC maps
Total ozone column maps synthesised by the World
Ozone and UV Data Centre at Environment Canada,
using surface-based WMO/GAW network observations and satellite data, show that the ozone hole
area (defined as the region where total ozone is less
than 220 DU) has not changed much during the last
two weeks. However, as shown in Figure 6, the hole
has deepened considerably as given by the area contained within the 150 and 125 DU contours.

The GAW/NDSC station at Arrival Heights (77.8°S,
166.7°E) started this season's Dobson measurements on 15  September and the ozone columns have
varied between 156 and 249 DU, depending on the
position of the station relative to the edge of the polar
vortex. This station is less affected by ozone loss than
Belgrano (see above), which is located at the same
latitude, but further west. This is partly due to the fact
that Arrival Heights on many days has been closer to
the edge of the vortex, but also because ozone depletion has been more intense in the 30-150°W sector.

Ozone hole
The area where the ozone column is less than 220 DU  
reached a peak of 26.9 million km2 on 19 September
according to the analysis carried out by the Royal
Netherlands Meteorological Institute (KNMI) (see Figure 7). The ozone hole area then decreased somewhat and has been around 24-25 million km2 the last
few days. The forecast for the next week shows a
small increase back to about 27 million km2. The last
two weeks the ozone hole size has developed very
similarly to what was observed in year  2000.

The GAW station Syowa (69.0°S 39.6°E) started this
season's total ozone measurements on 14 August
and the column values were close to or above 200 DU
during August and early September. From 5  September the ozone column has decreased more or less

18

The ozone hole size, as calculated by the US Climate
Prediction Center, using SBUV/2 data, has been in
the 21-24 million km2 range during weeks 2 and 3 of
September, which is somewhat lower than the result
from KNMI. Data from Earth Probe TOMS (NASA)
show that the area of the 2005 ozone hole in mid-September reached about 28 million km2, which is nearly
identical with  the area in mid-September 2003. Since
then, the area of the ozone hole has decreased to
about 25 million km2 at the end of September. Plots
of the ozone hole area, deduced from ESA/SCIAMACHY, NOAA/SBUV/2   and NASA/EP-TOMS, can be
found at the web sites given in the section on "Acknowledgements and links" below.

in Antarctica and the southern part of South America.
UV Bulletins are issued regularly by Biospherical Instruments Inc. Their second Antarctic UV Bulletin of
2005 reports on the 13 - 26 September time period
and states the following:
The 2005 ozone hole affected UV levels at all austral network sites according to NASA’s Earth Probe
TOMS. UV levels generally fell within the range established by measurements of the last 10 years. Prevailing solar elevations are still small and absolute UV
levels were therefore still low. The UV Index remained
below 4.5 at all austral network sites.

McMurdo Station, Antarctica

Although it is now quite likely that the area where total
ozone is less than 220 DU has passed the maximum,
one will still need more observations to make a final
statement about the evolution of this year's ozone
hole.

McMurdo Station was below the ozone hole during
most of the reporting period. Exceptions are 22 and
23 September when total ozone exceeded 220 DU,
according to TOMS. Solar elevations were still below
14° and UV levels were therefore still low. The maximum UV Index observed during the last two weeks
was 0.7.

The ozone hole has deepened during the last couple of weeks, as shown in Figures 4, 5 and 6. Vortex  ozone columns are now quite near their seasonal
minimum, but vortex column minima might still decrease another 5-10 DU during the next 8 days (see
Figure 4).

Palmer Station, Antarctica
Total ozone at Palmer Station was below 200 DU during the entire reporting period, according to TOMS.
UV levels were somewhat above the long-term average for this period, calculated from measurements
performed between 1991 and 2004. Day-to-day variability was high. The maximum daily UV Index ranged
between 1.4 (15 September) and 4.4 (26 September).
These values are still low compared to typical summer-time values of about 8.

UV radiation
The US National Science Foundation funds a network
for the monitoring of ultraviolet radiation at stations
scattered around the globe. There are several stations
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UV levels at the South Pole are still very small as the
Sun has just risen.

Ushuaia, Argentina
The edge of the ozone hole passed over Ushuaia
on 16 September (TOMS measured 244 DU) and
26 September (179 DU). UV levels were comparable
to measurements of previous years. The maximum
daily UV Index ranged between 1.4 (13 September)
and 4.4 (25 and 26 September). Typical summer-time
UV Indices are about 8.
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Figure 7. Area (millions of km2) where the total ozone
column is less than 220 Dobson units. All the years from
1996 to 2005 (black dots) are shown. The open circles
are forecasts for the next 8 days. This figure shows that
the size of the ozone hole has decreased from 27 to 2425 Mkm2 during the last two weeks. The forecasts indicate
an increase back to 27 Mkm2 during the next 8 days.

Distribution of the bulletins
The Secretariat of the World Meteorological Organization (WMO) distributes Bulletins providing current
Antarctic ozone hole conditions beginning mid-Au-
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gust of each year. The Bulletins are distributed via
the WMO Global Telecommunication System (GTS)
and are also available through the Global Atmosphere Watch programme web page at http://www.wmo.
ch/web/arep/ozone.html. In addition to the National Meteorological Services, the information in these Bulletins
is made available to the national bodies representing
their countries with UNEP and that support or implement the Vienna Convention for the Protection of the
Ozone Layer and its Montreal Protocol.

int)
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(Marambio), Argentina/Italy/Spain (Belgrano), Australia (Macquarie Is), France (Dumont D’Urville and
Kerguelen Is), Germany (Neumayer), Japan (Syowa),
New Zealand (Arrival Heights), Russia (Mirny),
Ukraine (Vernadsky), UK (Halley, Rothera) and USA
(South Pole, McMurdo). Satellite ozone data are provided by NASA/TOMS (http://toms.gsfc.nasa.gov/eptoms/ep_
v8.html   and http://jwocky.gsfc.nasa.gov/eptoms/dataqual/ozone.html),
NOAA/TOVS (http://www.cpc.ncep.noaa.gov/products/stratosphere/
tovsto/), NOAA/SBUV/2 (http://www.cpc.ncep.noaa.gov/products/
stratosphere/sbuv2to/) and ESA/Sciamachy (http://envisat.esa.
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Potential vorticity and temperature data are provided by the European Centre for Medium Range
Weather Forecasts (ECMWF) and their daily T106 meteorological fields are analysed and mapped by the
Norwegian Institute for Air Research (NILU) Kjeller,
Norway, to provide vortex extent, PSC area and extreme temperature information (http://www.nilu.no/projects/
nadir/o3hole). Meteorological data from the US Climate
Prediction Center are also used to assess the extent
of PSC temperatures and the size of the polar vortex
(http://www.cpc.ncep.noaa.gov/products/stratosphere/polar/polar.html).
Ozone data analyses and maps are prepared by the
World Ozone and UV Data Centre at Environment
Canada (http://exp-studies.tor.ec.gc.ca/cgi-bin/selectMap) and by
the Royal Netherlands Meteorological Institute (http://
www.temis.nl/protocols/O3global.html). UV data are provided
by the U.S. National Science Foundation’s (NSF) UV
Monitoring Network (http://www.biospherical.com/nsf).
Questions regarding the scientific content of this Bulletin should be addressed to Geir O. Braathen, mailto:
GBraathen@wmo.int, tel: +41 22 730 8235.
The next WMO Antarctic Ozone Bulletin is planned
for Thursday 13 October.

End of WMO Antarctic Ozone Bulletin 4/2005.
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The ozone hole on 11 October 2005 as observed by the Ozone Monitoring Instrument (OMI) on the
AURA satellite. Low ozone values are stretching from the vortex and across South America at middle latitudes. In Salto, Uruguay, a total ozone column of 249 DU was measured on this day, which is
unusually low for the month of October. This box on the cover highlights results from different WMO
partners on a rotating basis.

Executive summary
Since the last WMO Antarctic Ozone Bulletin 14 days ago, the area where temperatures
are below the threshold for formation of PSCs of type I (nitric acid trihydrate, NAT) has
continued to decrease and is now close to zero. This area has been close to the 2003
values and well above the 1995-2004 average throughout the month of September and
the first week of October. The area where the total ozone column is less than 220 DU
is now on the way down after reaching its maximum around 20   September. Although
the ozone hole area has remained nearly constant during the last two weeks, it is now
being filled up with ozone, and minimum values, as seen by satellites, are now around
125 DU, after being down to 106 DU on 30  September. Ground-based observations from
Belgrano showed a total ozone column of 94 DU on 4 October, which is the lowest ever
measured at that station. The maximum observed UV index at Antarctic stations has
increased since the previous Bulletin from 4.4 to 6. At Ushuaia, Argentina, the UV index
reached 8 on 8 October, which is unusually high for this time of the year.
13 October 2005
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low or near the 1995-2004 average, as can be seen
from Figure 1. Looking at the overall development
during the last week of August, the four weeks of September, and the first two weeks of October, minimum
temperatures have been relatively low compared to
the last decade.

Introduction
For background information on the Antarctic ozone
hole and ozone loss in general the reader is referred
to the first 2005 issue of this Bulletin, which can be
found here: http://www.wmo.int/web/arep/ozone.html
More background information is also found here: http://
www.wmo.int/web/arep/O3_summaries/O3_summaries_afischer.html.

The area where T < TNAT, has continued to decrease
during the last two weeks, which is normal for this
time of the year, as seen in Figure 2. This area has
been between zero and 5 Mkm2 the last days and is
expected to drop to zero within the next two weeks.

Meteorological conditions
During the 14 days since the last bulletin, minimum
temperatures at the isentropic level of 500 K in the
south polar vortex have increased, but remained beMinimum Temperature [K]
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Analyses of the vortex area at the isentropic level of
450 K (about 17 km), made by   the Climate Prediction Center at NCEP/NOAA, show that the area of
the vortex has hovered around 30 Mkm2 throughout September, but has now (6 Oct.) decreased to
28 Mkm2. At 550 K (approximately 25 km) the vortex
area reached a maximum of 32 Mkm2 in the beginning
of September and has now decreased to 27 Mkm2. At
650 K (about 28 km) the vortex area reached a maximum of approximately 40 Mkm2 in early August and is
now (6 October) down to 28 Mkm2. Throughout most
of  the winter the vortex area has been very close to
the 1995-2004 average at all three of these levels.
Graphics showing this development are updated regularly and available at the web sites referred to below
in the "Acknowledgements and links" section.
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Figure 1. Time series of ECMWF daily minimum temperatures at the 500 K isentropic level southward of 30°S.
The thick red curve shows 2005 (until 11 October). The
blue line shows 2004 and the green line 2003. The average of the 1995-2004 period is shown for comparison in
grey. The error bars represent ± 2s (standard deviations).
The two horizontal green lines at 195 and 188 K show
the thresholds for formation of PSCs of type I and type II,
respectively.
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Figure 2. Time series of the area where ECMWF temperatures are low enough for the formation of PSCs of type I
at the 500 K isentropic level. This corresponds to an altitude of approximately 20 km. The thick red curve shows
2005 (until 11 October). The blue curve represents 2004
and the green curve 2003. The average of the 1995-2004
period is shown for comparison in grey. The error bars
represent ± 2s (standard deviations).
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Figure 3. Total ozone map for 8 October 2005 based on
data from the Ozone Monitoring Instrument (OMI) on
board the AURA satellite.
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Ozone observations
Satellite observations
On 8 October the ozone hole affected the southern tip
of South America, as shown by the AURA/OMI map
in Figure 3. Similar images can also be obtained from
NASA/TOMS and ESA/SCIAMACHY by visiting the
links given at the end of the Bulletin. The low ozone
column on 8 October led to unusually intense UV radiation in Ushuaia, Argentina, as described below in  
the section on UV radiation.
Minimum ozone column values, as observed by the
SCIAMACHY instrument on ENVISAT, reached values around 106 DU on 30 September. During the first
two weeks of October, the minimum ozone columns
from SCIAMACHY have stabilised around 115-127 DU
as shown in Figure 4. Comparing with data from the
last few years, one expects that the minimum ozone
columns now have reached the bottom and will begin
to increase again.

Figure 5. Partial ozone columns at the South Pole for the
12-20 km height interval. This is the altitude region where
most of the ozone loss takes place. The brown diamonds
show the 2005 measurements. It can be seen that on
several days in September the partial ozone column has
been lower than any of the earlier years at the same date.
In early October the partial column has stabilised around
15-20 DU.

Ozonesonde observations
ozone column between 12 and 20 km decreased rapidly during the first three weeks of September from
100 to 15 DU. The last 2-3 weeks the partial column
has stabilised around 15-20 DU. Time series of the
partial column for the 12-20 km altitude range, based
on South Pole ozonesonde observations, are given in
Figure 5. The total ozone column, as calculated from
the sonde profiles, has decreased from 266 DU on
7  August to 110 DU on 28 September, which amounts
to a decrease of 59%. The ozone soundings carried
out after 28 September show an increase in the total
ozone column, which reached 181 DU on 9 October.

Ozonesondes launched in early October by the University of Wyoming from the GAW/NDSC station at
McMurdo (77.9°S, 166.6°E) show nearly complete
ozone destruction in the 14-19 km altitude interval, in
particular on 3 October.
Ozone soundings from the GAW/NDSC AmundsenScott base at the South Pole show that the partial

Dobson Units
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Ozonesondes are launched from the GAW/NDSC
station at Neumayer several times per week. The progression of ozone depletion at this stations is illustrated in Figure 6.
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Figure 7 shows recent ozonesonde profiles obtained
at the GAW station Davis. The most recent profile (12
October) has much more ozone above 20 km than observed earlier in the season. Radiosonde and lidar
observations carried out at the same site and at the
same time showed a significant temperature perturbation indicative of planetary wave activity between
20 and 40 km altitude. A similar feature has been observed in the ozonesonde profiles recorded at McMurdo in late September and early October.  

31 Dec

Figure 4. Daily minimum total ozone columns in the
Southern Hemisphere as observed by GOME and
SCIAMACHY from 1996 to now. The black dots show the
SCIAMACHY observations for 2005 (until 13 October).
During most of August and early September, minimum
ozone columns have been lower that at the same time
of the year for the 1996-2004 period. The minimum total
ozone values passed through a minimum of 106 DU on
30 September.

Ground-based observations
Low total ozone values have also been observed from
the ground. The Global Atmosphere Watch (GAW)
stations at Rothera (67.6°S, 68.1°W), Faraday-Ver-
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Figure 6. Ozone profiles measured with ozonesondes
from the GAW/NDSC station Neumayer (70.7°S, 8.3°W).
Five profiles are plotted here in order to show how the
ozone depletion develops over the course of the ozone
hole season. The profile measured on 4  August gives a
total column of 263 DU, and the one from 1  October gives
a column of 119 DU. A measurement made on 27  September (not shown here) gave a total ozone column of
115 DU. This represents a column ozone loss of 56%
relative to the 4 August profile.
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Figure 7. Recent ozonesonde profiles from the GAW station Davis (68.6°S, 77.5°E). See main text for an explanation of these observations.

nadsky (65.2°S, 64.2°W) and Halley (75.6°S, 26.7°W)
report ozone columns around 150 DU or below during
the latter half of September and first week of October.
At Halley, the observations show that ozone values
fell rapidly during September and reached 107 DU
on 27 September, which is the second lowest value
ever recorded for the month of September at this site.
After that, total ozone has increases somewhat and

is now around 130 DU. At Rothera, total ozone has
increased during the first week of October and is now
around 170 DU.
The Argentinian GAW stations at Marambio (64.2°S,
56.7°W), San Martin (68.1°S, 67.1°W) and Belgrano
(77.9°S, 34.5°W) are all well inside the ozone hole
and report total ozone values in the 94-161 DU range

B

A

Figure 8. Total ozone maps synthesised by the World Ozone and UV Data Centre at Environment Canada. Panel A
shows the situation on 27 September 2005 and panel B shows the situation on 11 October 2005. It is clearly visible that
the area with a total ozone column inferior to 125 DU (light grey) has shrunk significantly during this 14-day period.
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during the 3-12 October time period. Since the last  
Bulletin on 29 September, the ozone column at Marambio has varied between 275 DU on 1 October and
116 DU on 7 October. At San Martin, the column has
varied between 125 DU on 7 October and 170 DU
on 10 October. Belgrano, which is located deeper
inside the polar vortex, started the observations on
13 September, and ozone columns have continued
to decrease since the last Bulletin. The lowest values were observed on 1 and 4 October, with 95 and
94 DU, respectively. These are the lowest total ozone
columns ever measured at Belgrano. The previous
low is 95.4 DU, which was measured on 27 September 2003.  Zenith sky measurements showed 88 DU
on 6 October, but this measurement is not as reliable
as the direct sun measurements. The GAW station at
Ushuaia (54.5°S, 68.3°W), usually outside the polar
vortex, has been located under the edge of the vortex
during several days in September and October. Most
recently, the ozone column was below 220 DU during
7-9 October, with a minimum of 161 DU on 8  October
(see Figure 3). This led to enhanced UV radiation,
as described in the UV section below. The long-term
norm for early October is around 330 DU at Ushuaia.
The GAW/NDSC station at Arrival Heights (77.8°S,
166.7°E) started this season's Dobson measurements
on 15  September and the ozone columns have varied
between 156 (20 September) and 401 DU (9 October), depending on the position of the station relative
to the edge of the polar vortex. This station is less
affected by ozone loss than Belgrano (see above),
which is located at the same latitude, but further west.
This is partly due to the fact that Arrival Heights on
many days has been closer to the edge of the vortex,
but also because ozone depletion has been more intense in the 30-150°W sector.

(2  September) and 164 DU (30 September). The
ozone observations at this site has been influenced
by the location of the polar vortex. On 26 September,
Zhong Shan was under the vortex edge and an ozone
column of 240 DU was measured. Four days later, the
column was down to 164 DU, as the station then was
inside the vortex.

WOUDC maps
Total ozone column maps synthesised by the World
Ozone and UV Data Centre at Environment Canada,
using surface-based WMO/GAW network observations and satellite data, show that the ozone hole area
(defined as the region where total ozone is less than
220 DU) has not changed much during the last two
weeks. However, as shown in Figure 8, the hole has
been filled up with ozone and the area inside the 150
and 125 DU contours have decreased considerably
from 27 September to 11 October.

Ozone hole
Daily ozone hole area
The area where the ozone column is less than 220 DU  
reached a peak of 26.9 Mkm2 on 19 September according to the analysis carried out by the Royal Netherlands Meteorological Institute (KNMI). Since then,
the ozone hole area has been around 24-25.5 Mkm2.
The last few days the area has dropped to about
22 Mkm2 (see Figure 9).
The ozone hole size, as calculated by the US Climate
35
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The GAW station Syowa (69.0°S, 39.6°E) started this
season's total ozone measurements on 14 August
and the column values were close to or above 200 DU
during August and early September. From 5  September the ozone column has decreased more or less
gradually and it reached its lowest value so far this
year (136 DU) on 4 October. This is 56% below the
1964-76 pre-ozone hole norm.
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The GAW station at Novolazarevskaja (70.8°S, 11.9°E)
has reported ozone columns below 150 DU during
the last week, and the column dropped to 109 DU on
23  September. The last days of September and  the
first days of October, total ozone has remained low
and has varied between 111 and 126 DU.
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Figure 9. Area (millions of km2) where the total ozone
column is less than 220 Dobson units. All the years from
1996 to 2005 (black dots) are shown. The open circles
are forecasts for the next 8 days. The figure shows that
the size of the ozone hole has decreased from 27 Mkm2
in mid-September to around 24-25 Mkm2 during the last
three weeks. The last few days the area has dropped to
about 22 Mkm2

The GAW station at Zhong Shan (69.4°S, 76.4°E)
started the total ozone measurements on 22 August,
and the ozone column has varied between 267 DU
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Prediction Center, using SBUV/2 data, has been in
the 21-24 Mkm2   range during all of September and
the first week of October, but has dropped to 19 Mkm2
during the last few days.

also see that the 2004 ozone hole was less severe
than the other years shown here. Most of the years
the ozone hole is shifted somewhat towards South
America. This is also the case in 2005.

Plots of the ozone hole area, deduced from ESA/
SCIAMACHY, NOAA/SBUV/2  and NASA/EP-TOMS,
can be found at the web sites given in the section on
"Acknowledgements and links" below.

UV radiation
The US National Science Foundation funds a network
for the monitoring of ultraviolet radiation at stations
scattered around the globe. There are several stations
in Antarctica and the southern part of South America.
UV Bulletins are issued regularly by Biospherical
Instruments Inc. Their third Antarctic UV Bulletin of
2005 reports on the 27 September to 10 October time
period and states the following:

The area where total ozone is less than 220 DU has
passed its maximum, and based on data from GOME
and SCIAMACHY, the ozone hole of 2005 ranks as
the third largest ever recorded after the ones of 2000
and 2003.

September climatology

The 2005 ozone hole affected UV levels at all austral network sites according to NASA’s Earth Probe
TOMS. UV levels at McMurdo Station and the South
Pole remained low since prevailing solar elevations

The average total ozone column for the month of September for the years 2000-2005 is shown in Figure 10.
One can see the weak ozone hole of 2002, when the
vortex split in two parts in mid-September. One can
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Figure 10. Mean total ozone for the month of September for the years 2000-2005. These maps are based on data from
Earth Probe TOMS until 2004 and on AURA/OMI data for 2005.
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were still small. When the ozone hole extended to
South America between October 7 and 10, UV indices of 6 and 8 were measured at Palmer Station and
Ushuaia, respectively. These indices were amongst
the highest measured at these sites during this part
of the year.

ices, the information in these Bulletins is made available to the national bodies representing their countries
with UNEP and that support or implement the Vienna
Convention for the Protection of the Ozone Layer and
its Montreal Protocol.

McMurdo Station, Antarctica

Acknowledgements and links

Solar elevations at McMurdo Station were still below 19° and UV levels remained low. McMurdo Station was close to the edge of the ozone hole until 5
October. When the shape of the ozone hole became
elongated on 6 October, the station was outside the
ozone hole area and total ozone increased to values above 370 DU. This led to a marked reduction in
UV. Between 27 September and 5 October, the daily
maximum UV index varied between 0.9 and 1.4. It
remained below 0.8 after 7 October.

These Bulletins use provisional data from the WMO
Global Atmosphere Watch (GAW) stations operated
within or near Antarctica by: Argentina (Comodoro
Rivadavia, San Martin, Ushuaia), Argentina/Finland
(Marambio), Argentina/Italy/Spain (Belgrano), Australia (Macquarie Is and Davis), China/Australia (Zhong
Shan), France (Dumont D’Urville and Kerguelen Is),
Germany (Neumayer), Japan (Syowa), New Zealand
(Arrival Heights), Russia (Mirny and Novolazarevskaja), Ukraine (Vernadsky), UK (Halley, Rothera), Uruguay (Salto) and USA (South Pole, McMurdo). More
detailed information on these stations can be found at
the GAWSIS web site (http://www.empa.ch/gaw/gawsis).

Palmer Station, Antarctica
Palmer Station was affected by the ozone hole during
most of the reporting period. Exceptions are 30  September and 1 October. UV levels were highly variable. Much of the variability was caused by changes
in cloudiness. The maximum daily UV Index ranged
between 0.5 (30 September) and 6 (8 October). Typical summer-time values are about 8.

Satellite ozone data are provided by NASA (EP TOMS
and AURA/OMI) (http://toms.gsfc.nasa.gov/eptoms/ep_v8.html,
http://jwocky.gsfc.nasa.gov/eptoms/dataqual/ozone.html),
NOAA/
TOVS (http://www.cpc.ncep.noaa.gov/products/stratosphere/tovsto/),
NOAA/SBUV/2
(http://www.cpc.ncep.noaa.gov/products/stratosphere/sbuv2to/) and ESA/Sciamachy (http://envisat.esa.int).
Potential vorticity and temperature data are provided
by the European Centre for Medium Range Weather
Forecasts (ECMWF) and their daily T106 meteorological fields are analysed and mapped by the Norwegian
Institute for Air Research (NILU) Kjeller, Norway, to
provide vortex extent, PSC area and extreme temperature information (http://www.nilu.no/projects/nadir/o3hole).
Meteorological data from the US Climate Prediction
Center are also used to assess the extent of PSC
temperatures and the size of the polar vortex (http://www.
cpc.ncep.noaa.gov/products/stratosphere/polar/polar.html).
Ozone
data analyses and maps are prepared by the World
Ozone and UV Data Centre at Environment Canada
(http://exp-studies.tor.ec.gc.ca/cgi-bin/selectMap) and by the Royal
Netherlands Meteorological Institute (http://www.temis.nl/
protocols/O3global.html). UV data are provided by the U.S.
National Science Foundation’s (NSF) UV Monitoring
Network (http://www.biospherical.com/nsf).

South Pole, Antarctica
Solar elevations at the South Pole were still below 7°
and UV levels remained low. The maximum UV index
was 0.3.

Ushuaia, Argentina
Ushuaia was affected several times by the ozone
hole. According to TOMS, total ozone dropped below 220 DU on 27 September and between 7 through
10 October. The lowest ozone concentration (161 DU)
was measured on 8 October when the ozone hole had
an elongated shape and extended to South America.
The maximum daily UV index stayed below 5 until
6  October and rose to about 8 on 8  October. A UV
index of 8 is exceptionally high for Ushuaia during this
part of the year.

Distribution of the bulletins

Questions regarding the scientific content of this
Bulletin should be addressed to Geir O. Braathen,.
mailto:GBraathen@wmo.int, tel: +41 22 730 8235.

The Secretariat of the World Meteorological Organization (WMO) distributes Bulletins providing current Antarctic ozone hole conditions beginning mid-August of
each year. The Bulletins are distributed via the WMO
Global Telecommunication System (GTS) and are
also available through the Global Atmosphere Watch
programme web page at http://www.wmo.ch/web/arep/ozone.
html. In addition to the National Meteorological Serv-

The next WMO Antarctic Ozone Bulletin is planned
for Thursday 27 October.
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Altitude-time cross section of ozone partial pressure in the vicinity of Davis, Antarctica (68°S, 78°E)
between July and October 2005, derived from measurements by the Microwave Limb Sounder (MLS)
on the AURA Satellite. Data from ascending and descending orbital paths within a 300 km radius of
Davis have been interpolated to a uniform grid in geopotential height and time. The times of the observations are indicated by the white vertical lines in the lower section of the plot. The development
of the Antarctic ozone hole from early September can be clearly seen in the 14-22 km altitude range.
This box on the cover highlights results from WMO partners on a rotating basis.

Executive summary
Since the last WMO Antarctic Ozone Bulletin 14 days ago, the area where temperatures
are below the threshold for formation of PSCs of type I (nitric acid trihydrate, NAT) has
continued to decrease and has now reached zero. This area has been close to the 2003
values and well above the 1995-2004 average throughout the month of September and
the first weeks of October. The area where the total ozone column is less than 220 DU
is now declining rapidly after reaching its maximum of 27 Mkm2 around  20  September.
The ozone hole area is now 18 MKm2 and is expected to decrease to 14 Mkm2 during
the next week. Ground-based observations from stations in Antarctica show a lot of variability, both from station to station and also with time at individual stations. This is, to  a
large extent, related to the positions of the stations with respect to the polar vortex.  
As reported in the previous Bulletin, Belgrano showed a total ozone column of 94 DU on
4 October, which is the lowest ever measured at that station. At the same station one
has observed unusually low ozone columns for several days of October.
27 October 2005
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south polar vortex have continued to increase, but
remained below or near the 1995-2004 average, as
can be seen from Figure 1. The last week, however,
the minimum temperature has been above the 19952004 average.

Introduction
For background information on the Antarctic ozone
hole and ozone loss in general the reader is referred
to the first 2005 issue of this Bulletin, which can be
found here: http://www.wmo.int/web/arep/ozone.html

The area where T < TNAT, has continued to decrease
during the last two weeks, and has now dropped to
zero, as seen in Figure 2.

More background information is also found here: http://
www.wmo.int/web/arep/O3_summaries/O3_summaries_afischer.html.

Analyses of the vortex area at the isentropic level of
450 K (about 17 km), made by   the Climate Prediction Center at NCEP/NOAA, show that the area of
the vortex has hovered around 30 Mkm2 throughout
September, but has now (22 October) decreased to
26 Mkm2. At 550 K (approximately 25 km) the vortex
area reached a maximum of 32 Mkm2 in the beginning
of September and has now decreased to 21 Mkm2. At
650 K (about 28 km) the vortex area reached a maximum of approximately 40 Mkm2 in early August and is
now down to 22 Mkm2. Throughout most of  the winter
the vortex area has been very close to the 1995-2004
average at all three of these levels. Graphics showing
this development are updated regularly and available
at the web sites referred to below in the "Acknowledgements and links" section.

Meteorological conditions
During the 14 days since the last bulletin, minimum
temperatures at the isentropic level of 500 K in the
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Figure 1. Time series of ECMWF daily minimum temperatures at the 500 K isentropic level southward of 30°S.
The thick red curve shows 2005 (until 26 October). The
blue line shows 2004 and the green line 2003. The average of the 1995-2004 period is shown for comparison in
grey. The error bars represent ± 2s (standard deviations).
The two horizontal green lines at 195 and 188 K show
the thresholds for formation of PSCs of type I and type II,
respectively.

Theta = 500 K

Satellite observations
Minimum ozone column values, as observed by the
SCIAMACHY instrument on ENVISAT, reached values around 106 DU on 30 September. Since then, the
minimum ozone columns have increased steadily and
are now around 145 DU (see Figure 3).
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Figure 2. Time series of the area where ECMWF temperatures are low enough for the formation of PSCs of type I
at the 500 K isentropic level. This corresponds to an altitude of approximately 20 km. The thick red curve shows
2005 (until 26 October). The blue curve represents 2004
and the green curve 2003. The average of the 1995-2004
period is shown for comparison in grey. The error bars
represent ± 2s (standard deviations).
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Figure 3. Daily minimum ozone columns in the Southern
Hemisphere as observed by GOME and SCIAMACHY
from 1996 to now. The black dots show the observations
for 2005 (until 27 Oct.).
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Ozonesonde observations
Ozone soundings from the GAW/NDSC AmundsenScott base at the South Pole show that the partial
ozone column between 12 and 20 km decreased rapidly during the first three weeks of September from
100 to 15 DU (Figure 4). The last 2-3 weeks the partial column has stabilised around 15-20 DU. On the
23 October, the partial column dropped to 13 DU,
the lowest so far in 2005. The total ozone column,
as calculated from the sonde profiles, has decreased
from 266 DU on 7  August to 110 DU on 28 September, which amounts to a decrease of 59%. The ozone
soundings carried out after 28 September show an
increase in the total ozone column, which reached
181 DU on 9 October. After that, the total column has
decreased and the soundings performed on 12, 16,
19 and 23 October give total columns between 140
and 147 DU.

5
4
3

Figure 5. Ozone mixing ratio from AURA/MLS at a pressure level of 14.7 hPa during October 2005. The location
of Davis is shown by the black dot on the first image. The
approximate geopotential height and potential temperature of the pressure level at Davis was 28 km and 840 K,
respectively. Data from descending orbital passes have
been interpolated to a grid with 1 degree spacing in latitude and longitude.

Davis from measurements by the AURA satellite (see
figure on the cover).
In the cover figure, the reduction in ozone between
~12 km and ~22 km from early September is associated with the ozone hole. The general enhancement
above this region is due to the ‘pileup’ of ozone outside the dynamical barrier imposed by the polar vortex. An additional short lived enhancement of ozone
was also seen near 30 km around 20 September when
the edge of the vortex at this altitude moved well away
from Davis.

12-20 km partial O3 column [DU]

150

In figure 5, further detail is revealed on the Davis observations by AURA. A tongue of ozone rich air near
30 km altitude can be seen emerging from the region
east of South America on 10 October, which subsequently wraps around the edge of the vortex (where
the mixing ratio is low) to pass over Davis on 12 October. A map of potential vorticity (PV) (see Figure 6)
shows the ‘draw down’ of air with low PV, typical of the
tropics, into the Antarctic region.
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The high ozone levels above 20 km altitude observed
at the GAW station Davis on 12 October (see Figure 7 of Bulletin 5) was due to an influx of ozone rich
air from low latitudes. This was related to pronounced
asymmetry in the vortex near 30 km altitude due to
planetary wave activity, which is a typical feature
at high southern latitudes for this time of year. The
ozone enhancement is shown in a cross section for
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The following analysis has been received from Dr. Andrew Klekociuk, Australian Antarctic Division:
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Analysis of data from the GAW station Davis
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Figure 4. Partial ozone columns at the South Pole for the
12-20 km height interval. This is the altitude region where
most of the ozone loss takes place. The brown diamonds
show the 2005 measurements. It can be seen that on
several days in September the partial ozone column has
been lower than any of the earlier years at the same date.
In early October the partial column has stabilised around
15-20 DU and on 23 October, the 12-20 km partial column
was 13 DU, which is the lowest this year.

In Figure 7, the backward trajectory analysis for a
range of altitudes sampled by the ozonesonde flown
from Davis on 12 October is shown. Above 20 km altitude, the air is modelled as having travelled from well
outside the Antarctic region. In particular, the two uppermost trajectories are placed at tropical latitudes
about 5 days earlier. Lidar observations at Davis
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Figure 6. Potential vorticity (PV) map (in potential vorticity
units; PVU) derived from Stratospheric Assimilated Data
of the United Kingdom Meteorological Office (supplied
by the British Atmospheric Data Centre). The location of
Davis is shown by a black dot.
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Figure 7. Backward trajectory analysis for air sampled by
the ozonesonde flown from Davis on 12 October 2005 obtained from the NASA/Goddard Automailer (http://hyperion.
gsfc.nasa.gov/Data_services/automailer), using Data Assimilation
Office (DAO) meteorological model input. Fiducial marks
show positions along the trajectory at 00 UT on particular
dates (day of October). The legend links each trajectory
to its originating altitude. The northern extremity of the
22.9 km altitude trajectory is ~45 degrees south.

around this time showed an increase in aerosol loading up to 35 km altitude.
Overall, this event illustrates aspects of the variability
in ozone levels during the southern hemisphere spring
due to atmospheric dynamics, which plays a key role
in the eventual dissipation of the ozone hole.  

hence experienced quite variable ozone columns.
During the 10-23 October time period total column
ozone has varied between 133 and 331 DU.

Ground-based observations

The GAW station at Belgrano (77.9°S, 34.5°W) has
been well inside the ozone hole the last weeks and
reports total ozone values in the 111-149 DU range
during the 11-23 October time period. During October
Belgrano has had several days with ozone column
lower than ever for the same time of the year, and an
all time low of 94 DU was recorded on 4 October.  

The Global Atmosphere Watch (GAW) stations at Halley (75.6°S, 26.7°W) report ozone columns around
140 DU or below during the 11-20 October time period.
At the GAW station Rothera (67.6°S, 68.1°W), the
ozone column has been very variable, depending on
the location of the station relative to the vortex edge.
During the 1-23 October time period, total ozone has
varied between 116 DU on 7 October and 322 DU on
22 October. From 20 to 21 October the total column
changed from 175 to 301 DU.

The GAW station at Ushuaia (54.5°S, 68.3°W) was
affected by the ozone hole from 8-10 October, as reported in the previous Bulletin. After that, the station
has been outside the vortex and the ozone column
has been above 300 DU since 11 October, with the
exception of 18 October, when the edge of the vortex
was near the southern tip of South America and total
ozone at Ushuaia dropped from 350 to 279 DU in one
day.

Also at the GAW station Faraday-Vernadsky (65.2°S,
64.2°W) there have been fairly large ozone fluctuations, although not as large as at Rothera. During the
11-20 October time period the ozone column varied
between 179 and 271 DU.

The GAW/NDSC station at Arrival Heights (77.8°S,
166.7°E) has during the 10-23 October time period
experienced large variations in the ozone columns
with values ranging from 383 DU on 10 October to

The Argentinian GAW stations at Marambio (64.2°S,
56.7°W) and San Martin (68.1°S, 67.1°W) have been
both inside and outside of the polar vortex and have
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A

B

Figure 8. Total ozone maps synthesised by the World Ozone and UV Data Centre at Environment Canada. Panel A
shows the situation on 11 October 2005 and panel B shows the situation on 25 October 2005. It is clearly visible that the
area with a total ozone column inferior to 150 DU (dark grey) has shrunk significantly during this 14-day period.

146 DU on 22 October.

The ozone hole size, as calculated by the US Climate
Prediction Center, using SBUV/2 data, has been in
the 21-24 Mkm2   range during all of September and
the first week of October, but has now (25 October)
dropped to 13 Mkm2.

Total ozone has been well under 200 DU at the GAW
station Syowa (69.0°S, 39.6°E) during the first weeks
of October, but from 20 October the ozone column
has increased rapidly and reached 311 DU on 23 October.  

Plots of the ozone hole area, deduced from ESA/
SCIAMACHY, NOAA/SBUV/2  and NASA/EP-TOMS,
can be found at the web sites given in the section on
"Acknowledgements and links" below.

The GAW/NDSC station at the Amundsen-Scott base
on the South Pole reports little variation in the total
ozone column and values have varied between 115
and 149 DU in October. The last week the column has
been in the 130-140 DU range.

WOUDC maps
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Total ozone column maps synthesised by the World
Ozone and UV Data Centre at Environment Canada,
using surface-based WMO/GAW network observations and satellite data, show that the ozone hole area
(defined as the region where total ozone is less than
220 DU) has shrunk somewhat during the last two
weeks. As shown in Figure 8, the hole has been filled
up with ozone and the area inside the 150 DU contour
has decreased considerably from 11 to 25 October.
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Daily ozone hole area
The area where the ozone column is less than 220 DU  
remained close to 25 Mkm2 in late September and early October (see Figure 9). Since the middle of October
this area has declined rapidly and is now (27 October)
around 18 Mkm2. The ozone hole area is expected to
decrease further during the next week.
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Figure 9. Area (millions of km2) where the total ozone
column is less than 220 Dobson units. All the years from
1996 to 2005 (black dots) are shown. The open circles
are forecasts for the next 8 days. The figure shows that
the size of the ozone hole has decreased from 27 Mkm2 in
mid-September to around 18 Mkm2 during the last week.
The size is expected to drop further to about 14 Mkm2 the
next week.

September climatology

McMurdo Station, Antarctica

The average total ozone column for the month of
September for the years 2003-2005 is shown in Figure 10 together with the deviations from the long-term
(1978-1988) mean. From this figure one can see that
the deviations from the long term September mean
were larger in 2005 than in 2004, but that they were
smaller than the deviations in 2003. The next Bulletin
will bring similar maps for the month of October.

Between 11 and 18 October 2005, McMurdo Station
was located either outside the ozone hole area or
close to its edge. Total ozone varied between 183 and
321 DU according to NASA Earth Probe TOMS. UV
levels remained below the long-term average for this
period, calculated from measurements of the years
1991 - 2004. The daily maximum UV Index stayed
below 1.8. After 18 October, McMurdo Station was inside the area of the ozone hole and daily maximum
UV Indices increased to values between 3.5 and 3.8.

UV radiation

Palmer Station, Antarctica

The US National Science Foundation funds a network
for the monitoring of ultraviolet radiation at stations
scattered around the globe. There are several stations
in Antarctica and the southern part of South America.
UV Bulletins are issued regularly by Biospherical Instruments Inc. Their fourth Antarctic UV Bulletin of
2005 reports on the 11 to 24 October time period and
states the following:

Between 11 and 20 October, Palmer Station was located close to the edge of the ozone hole. Total ozone
varied between 163 and 255 DU according to TOMS.
UV levels showed considerable variability during this
period. Daily maximum UV Indices ranged between
3.5 (11 October) and 6.6 (19 October). After 20 October, Palmer Station was outside the area of the ozone
hole and daily maximum UV Indices remained below
3.6.

McMurdo and Palmer Stations were often located
close to the edge of the ozone hole area, leading to
large variability in UV. The South Pole remained within
the area of the ozone hole and UV levels were comparable to measurements of previous years. Ushuaia
remained outside the area of the ozone hole and UV
levels stayed below the long-term average.

200 3

South Pole, Antarctica
Total ozone at the South Pole was below 120 DU according to TOMS. UV levels increased from day to
day as the Sun moved higher in the sky. The UV Index gradually increased from 0.4 to 1.05. UV meas-

2004

2005

Figure 10. Upper row: South polar total ozone (DU) averaged for the month of September for the years 2003, 2004 and
2005. Lower row: The deviations in total ozone from the 1978-88 mean.
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detailed information on these stations can be found at
the GAWSIS web site (http://www.empa.ch/gaw/gawsis).

urements from the reporting period compared well to
data measured during the same period of previous
years.  

Satellite ozone data are provided by NASA (EP
TOMS, AURA/MLS and AURA/OMI) (http://toms.gsfc.

Ushuaia, Argentina

nasa.gov/eptoms/ep_v8.html, http://mls.jpl.nasa.gov,

Ushuaia was outside the ozone hole area during the
entire reporting period. UV levels were somewhat below levels typical for this time of the year. Daily maximum UV Indices ranged between 3 and 5.

http://jwocky.gsfc.

nasa.gov/eptoms/dataqual/ozone.html),

NOAA/TOVS (http://www.
cpc.ncep.noaa.gov/products/stratosphere/tovsto/), NOAA/SBUV/2
(http://www.cpc.ncep.noaa.gov/products/stratosphere/sbuv2to/)
and
ESA/Sciamachy (http://envisat.esa.int). Potential vorticity
and temperature data are provided by the European
Centre for Medium Range Weather Forecasts (ECMWF) and their daily T106 meteorological fields are
analysed and mapped by the Norwegian Institute for
Air Research (NILU) Kjeller, Norway, to provide vortex extent, PSC area and extreme temperature information (http://www.nilu.no/projects/nadir/o3hole). Meteorological
data from the US Climate Prediction Center are also
used to assess the extent of PSC temperatures and
the size of the polar vortex (http://www.cpc.ncep.noaa.gov/products/stratosphere/polar/polar.html). Meteorological data from
UK Meteorological Office was obtained through the
British Atmospheric Data Centre (http://www.badc.rl.ac.uk).

Distribution of the bulletins
The Secretariat of the World Meteorological Organization (WMO) distributes Bulletins providing current Antarctic ozone hole conditions beginning mid-August of
each year. The Bulletins are distributed via the WMO
Global Telecommunication System (GTS) and are
also available through the Global Atmosphere Watch
programme web page at http://www.wmo.ch/web/arep/ozone.
html. In addition to the National Meteorological Services, the information in these Bulletins is made available to the national bodies representing their countries
with UNEP and that support or implement the Vienna
Convention for the Protection of the Ozone Layer and
its Montreal Protocol.

Ozone data analyses and maps are prepared by the
World Ozone and UV Data Centre at Environment
Canada (http://exp-studies.tor.ec.gc.ca/cgi-bin/selectMap) and by
the Royal Netherlands Meteorological Institute (http://
www.temis.nl/protocols/O3global.html). UV data are provided
by the U.S. National Science Foundation’s (NSF) UV
Monitoring Network (http://www.biospherical.com/nsf).

Acknowledgements and links
These Bulletins use provisional data from the WMO
Global Atmosphere Watch (GAW) stations operated
within or near Antarctica by: Argentina (Comodoro
Rivadavia, San Martin, Ushuaia), Argentina/Finland
(Marambio), Argentina/Italy/Spain (Belgrano), Australia (Macquarie Is and Davis), China/Australia (Zhong
Shan), France (Dumont D’Urville and Kerguelen Is),
Germany (Neumayer), Japan (Syowa), New Zealand
(Arrival Heights), Russia (Mirny and Novolazarevskaja), Ukraine (Vernadsky), UK (Halley, Rothera), Uruguay (Salto) and USA (South Pole, McMurdo). More

Trajectory data was obtained from the NASA Goddard
Automailer (http://hyperion.gsfc.nasa.gov/Data_services/automailer)
Questions regarding the scientific content of this
Bulletin should be addressed to Geir O. Braathen,.
mailto:GBraathen@wmo.int, tel: +41 22 730 8235.
The next WMO Antarctic Ozone Bulletin is planned
for Thursday 17 November.
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Ozone and chlorine monoxide at the isentropic level of 520 K (approx. 20 km) as observed by the
Microwave Limb Sounder (MLS) on the AURA satellite. The vertical axis is equivalent latitude, i.e.
the latitude that would enclose the same area between it and the pole as a given PV contour. ClO is
given in ppbv and ozone in ppmv. The left hand part shows the development in 2004 and the right
hand part 2005. It is clearly seen that chlorine activation was found over a longer time period and
over a larger latitude range in 2005 than in 2004. This led to more ozone loss in 2005 than in 2004,
as can be seen from the lower part of the Figure. The plot is provided by Gloria Manney of NASA's
Jet Propulsion Laboratory (JPL).

Executive summary
Since the last WMO Antarctic Ozone Bulletin three weeks ago, minimum temperatures
have continued to rise and have been quite near the 1995-2004 mean. The area where
total ozone is less than 220 DU has decreased from 18 million square kilometres on
27 October to 3 million square kilometres on 16 November. During the last week many
stations have observed a rapid increase of the total ozone column and the ozone hole
is expected to break down and dissipate within the next week.
The average total ozone map for October shows that the southern part of South America
has been less affected by the ozone hole in 2005 than in recent years. However, Ushuaia was inside the ozone hole on 8 November, and this gave rise to a daily maximum
UV Index of 8.5.
The next Bulletin, which will be issued on 22 December will contain a summary of the
development of the 2005 Antarctic ozone hole.

17 November 2005
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More background information is also found here: http://
www.wmo.int/web/arep/O3_summaries/O3_summaries_afischer.html.

zero. Throughout most of the winter the vortex area
has been very close to the 1995-2004 average at
all three of these levels. However, at the two higher
levels, the vortex has broken down somewhat earlier
than the 1995-2004 average. Graphics showing this
development are updated regularly and available at
the web sites referred to below in the "Acknowledgements and links" section.

Meteorological conditions

Ozone observations

During the three weeks since the last bulletin, minimum temperatures at the isentropic level of 500 K in
the south polar vortex have continued to increase,
oscillating around the 1995-2004 average, as can be
seen from Figure 1.

Satellite observations

Introduction
For background information on the Antarctic ozone
hole and ozone loss in general the reader is referred
to the first 2005 issue of this Bulletin, which can be
found here: http://www.wmo.int/web/arep/ozone.html

Since the last Bulletin three weeks ago, minimum
ozone column values, as observed by the SCIAMACHY instrument on ENVISAT, have increased from
about 150 DU to almost 200 DU (see Figure 2). This
increase has been faster than many of the years of
the last decade, but quite similar to the increase observed in 2000.

The area where T < TNAT reached zero already before
the previous Bulletin, so the plot is not shown here.
Analyses of the vortex area at the isentropic level of
450 K (about 17 km altitude), made by the Climate Prediction Center at NCEP/NOAA, show that the area of
the vortex, which hovered around 30 Mkm2 throughout
September, has during the last three weeks (from 22
October to 12 November) decreased from 26 Mkm2 to
17 Mkm2. At 550 K (approximately 25 km altitude) the
vortex area reached a maximum of 32 Mkm2 in the
beginning of September and has during the last three
weeks decreased from 21 Mkm2 to 3 Mkm2. At 650 K
(about 28 km) the vortex area reached a maximum of
approximately 40 Mkm2 in early August and has during the last three weeks decreased from 22 Mkm2 to
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Ozone soundings from the GAW/NDSC AmundsenScott base at the South Pole show that the partial
ozone column between 12 and 20 km decreased rapidly during the first three weeks of September from
100 to 15 DU (Figure 3). On 23 October, the partial
column dropped to 13 DU, the lowest in 2005. Between the end of October and 7 November the partial
column stabilised around 25 DU.
The total ozone column, as calculated from the sonde
profiles, increased from 141 DU on 23 October to
198 DU on 2 November. On 7 November total ozone
went down to 174 DU.
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Figure 1. Time series of ECMWF daily minimum temperatures at the 500 K isentropic level southward of 30°S.
The thick red curve shows 2005 (until 15 November). The
blue line shows 2004 and the green line 2003. The average of the 1995-2004 period is shown for comparison in
grey. The error bars represent ± 2s (standard deviations).
The two horizontal green lines at 195 and 188 K show
the thresholds for formation of PSCs of type I and type II,
respectively.
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Figure 2. Daily minimum ozone columns in the Southern
Hemisphere as observed by GOME and SCIAMACHY
from 1996 to now. The black dots show the observations
for 2005 (until 16 November).
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During the first nine days of November, the ozone columns were well below 200 DU, but from 10 November
the ozone columns have increased rapidly at both
stations and are now around 350 DU.

Ground-based observations
The last three weeks have been characterised by
the break-down of the south polar vortex, and ozone
column measurements from Antarctic stations show
large variability, depending on the location of the stations with respect to the remnants of the polar vortex.

The GAW station at Belgrano (77.9°S, 34.5°W) was
inside the ozone hole until 11 November with ozone
columns ranging from 135 DU (27 October) to 200 DU
(11 November). After 11 November, the ozone column
above Belgrano has increased and is now close to
300 DU.

During the last three weeks, the Global Atmosphere
Watch (GAW) station at Halley (75.6°S, 26.7°W) reports ozone columns ranging from 153 DU on 7 November to 298 DU on 16 November.

The GAW station at Ushuaia (54.5°S, 68.3°W) was
well outside the ozone hole during the last half of October, with ozone columns above 300 DU throughout
this period. During the first 8 days of November, the
station has been affected by the edge of the vortex
and the ozone column dropped to 213 DU on 8 November. As described in the UV section below, this
led to a daily maximum UV Index of 8.5.

From 24 October to 13 November the ozone column
at the GAW station Rothera (67.6°S, 68.1°W) has varied between 148 DU (7 November) and 346 DU (12
November).
During the 20 October to 10 November time period,
the GAW station Faraday-Vernadsky (65.2°S, 64.2°W)
experienced ozone columns between 185 DU (7 November) and 386 DU (27 October). From 9 to 10 November the ozone column increased from 210 to
331 DU, an increase of 58% in 24 hours.

The GAW/NDSC station at Arrival Heights (77.8°S,
166.7°E) has during the 24 October to 16 November time period experienced a more or less steady
increase in the ozone column from 154 DU at the beginning of the period to nearly 400 DU towards the
end of this period.

The Argentinian GAW stations at Marambio (64.2°S,
56.7°W) and San Martin (68.1°S, 67.1°W) have been
both inside and outside of the polar vortex and have
hence experienced quite variable ozone columns.
During the 24 October to 16 November time period,
total column ozone varied between 135 and 336 DU.

Total ozone at the GAW station Syowa (69.0°S,
39.6°E) has, during the last three weeks, varied between 196 DU (27 October) and 336 DU (1 November). The last week the ozone column has been in the
220 - 260 DU range.

12-20 km partial O3 column [DU]

200

During the last week of October, The GAW/NDSC station at the Amundsen-Scott base on the South Pole
reported total ozone columns varying between 135
and 153 DU, but the column increased to 183 DU on
31 October. After that, the column has been around
180 DU, until it suddenly rose to 288 DU on 12 November.
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Figure 4 shows total ozone column maps synthesised
by the World Ozone and UV Data Centre at Environment Canada, using surface-based WMO/GAW network observations and satellite data. These maps
show that the ozone hole area (defined as the region
where total ozone is less than 220 DU) has shrunk
drastically during the last three weeks and that this
area is now close to zero.

Dec

Figure 3. Partial ozone columns at the South Pole for the
12-20 km height interval. This is the altitude region where
most of the ozone loss takes place. The brown diamonds
show the 2005 measurements. It can be seen that on
several days in September the partial ozone column has
been lower than any of the earlier years at the same date.
In early October the partial column has stabilised around
15-20 DU and on 23 October, the 12-20 km partial column
was 13 DU, which is the lowest this year. From late October and until 7 November the partial column was quite
stable around 25 DU.

Ozone hole
Daily ozone hole area
During the last three weeks, the size of the ozone hole
has decreased rapidly from 18 Mkm2 on 27 October to
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Figure 4. Total ozone maps synthesised by the World Ozone and UV Data Centre at Environment Canada. Panel A
shows the situation on 25 October 2005 and panel B shows the situation on 15 November 2005. It is clearly visible that
the area with a total ozone column inferior to 225 DU (dark blue) has almost disappeared during these three weeks.

3 Mkm2 on 16 November, according to analyses from
the Royal Netherlands Meteorological Institute (see
Figure 5). The ozone hole area is expected to drop to
zero during the next few days.

October climatology
The average total ozone column for the month of October for the years 2003-2005 is shown in Figure 6
together with the deviations from the long-term (19781988) mean. From this figure one can see that the
area where ozone was more than 50% depleted compared to the long long-term mean, was larger in 2005
than in both 2003 and 2004. A more thorough analysis of ozone deviations together with the November
climatology will follow in the 2005 Summary Bulletin
on 22 December.

The ozone hole size, as calculated by the US Climate
Prediction Center, using SBUV/2 data, has dropped
from 13 Mkm2 on 25 October to zero on 15 November. Plots of the ozone hole area, deduced from ESA/
SCIAMACHY, NOAA/SBUV/2 and NASA/EP-TOMS,
can be found at the web sites given in the section on
"Acknowledgements and links" below.
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The US National Science Foundation funds a network
for the monitoring of ultraviolet radiation at stations
scattered around the globe. There are several stations
in Antarctica and the southern part of South America.
UV Bulletins are issued regularly by Biospherical Instruments Inc. Their fifth Antarctic UV Bulletin of 2005
reports on the 25 October to 15 November time period and states the following:

15
10

During the last three weeks, the ozone hole has decreased substantially in depth and size. Until 9 November, the ozone hole led to enhanced UV radiation
levels at the three Antarctic sites McMurdo Station,
Palmer Station, and South Pole. After 10 November,
total ozone markedly increased at all sites, leading to
clear reductions of UV levels. Ushuaia was outside
the ozone hole region during the reporting period but
a drop in total ozone to 225 DU on 8 November lead
to a spike in UV.
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Figure 5. Area (millions of km2) where the total ozone
column is less than 220 Dobson units. All the years from
1996 to 2005 (black dots) are shown. The open circles
are forecasts for the next 8 days. The figure shows that
the size of the ozone hole has decreased from 27 Mkm2 in
mid-September to around 3 Mkm2 in mid-November. The
size is expected to drop to zero over the next few days.
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the Sun moved higher in the sky. The UV Index gradually changed from 1.0 to 1.8. From 10 November onward, the South Pole was no longer under the ozone
hole, UV levels dropped markedly, and the maximum
daily UV Index remained below 1.3

McMurdo Station, Antarctica
McMurdo Station was located close to the edge of
the ozone hole until 5 November. This position led to
considerable day-to-day variability in UV; the maximum daily UV Index varied between 2.0 and 3.6. After
6 November, total ozone increased to values larger
than 330 DU and the maximum daily UV Index remained below 2.4.

Ushuaia, Argentina
Ushuaia was close to the edge of the ozone hole on
2 November and between 5 November and 9 November. During these periods, UV levels were significantly
above the long-term mean calculated from measurements of the last 14 years. The daily maximum UV
Index varied between 2.2 (27 October) and 8.5 (8 November).

Palmer Station, Antarctica
Palmer Station was outside the area of the ozone hole
during the last week of October. Between 24 October
and 29 October, the noon-time UV Index remained
below 3.2. UV levels increased significantly when the
station became affected by the ozone hole between
31 October and 9 November. Daily maximum UV Indices during this period varied between 6 and 9. After
10 November, total ozone increased to values larger
than 300 DU and UV levels dropped sharply; the maximum daily UV Index remained below 5.5. UV Indices
as high as 13 have historically been measured during
the first two weeks of November.

Distribution of the bulletins
The Secretariat of the World Meteorological Organization (WMO) distributes Bulletins providing current Antarctic ozone hole conditions beginning mid-August of
each year. The Bulletins are distributed via the WMO
Global Telecommunication System (GTS) and are
also available through the Global Atmosphere Watch
programme web page at http://www.wmo.ch/web/arep/ozone.
html. In addition to the National Meteorological Services, the information in these Bulletins is made available to the national bodies representing their countries
with UNEP and that support or implement the Vienna

South Pole, Antarctica
Total ozone at the South Pole remained below 199 DU
until 9 November, according to Earth Probe TOMS.
Until that day, UV levels increased from day to day as

200 3

2004

2005

Figure 6. Upper row: South polar total ozone (DU) averaged for the month of October for the years 2003, 2004 and 2005.
Lower row: The deviations in the October average total ozone from the 1978-88 mean.
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analysed and mapped by the Norwegian Institute for
Air Research (NILU) Kjeller, Norway, to provide vortex extent, PSC area and extreme temperature information (http://www.nilu.no/projects/nadir/o3hole). Meteorological
data from the US Climate Prediction Center are also
used to assess the extent of PSC temperatures and
the size of the polar vortex (http://www.cpc.ncep.noaa.gov/products/stratosphere/polar/polar.html). Meteorological data from
UK Meteorological Office was obtained through the
British Atmospheric Data Centre (http://www.badc.rl.ac.uk).

Convention for the Protection of the Ozone Layer and
its Montreal Protocol.
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Questions regarding the scientific content of this
Bulletin should be addressed to Geir O. Braathen,.
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The next WMO Antarctic Ozone Bulletin is planned
for Thursday 22 December and will contain a summary of the development of the 2005 Antarctic ozone
hole.

42

Antarctic Ozone Bulletin
No 8/2005
Winter/spring summary

OMI

Total O3
Nov 10, 2005
Plotted at NILU
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CIE UV
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Plotted at NILU
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UV index

On 10 November 2005, the polar vortex was displaced towards South America with ozone hole conditions (total ozone less than 220 DU) reaching as far north as 45°S (upper panel). The plot is made from
gridded OMI total column ozone data. OMI is a joint effort of KNMI, NASA, FMI and NIVR. Feeding this
total ozone field into a radiative transfer model, assuming clear sky conditions, the UV Index map in the
lower panel results. This map shows the erythemal dose rate at local noon expressed as UV Index. A
region close to South Georgia is exposed to a UV index above 12, whereas other regions at the same
latitude experience UV Indices in the range 4-6.
17 January 2006
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Executive Summary
The 2005 south polar vortex was close to the average of the last decade in terms of vortex area and
temperature conditions. However, minimum temperatures inside the vortex were in early September near
the coldest recorded since 1979. The area where total
ozone was less than 220 DU (also called "ozone hole
area") was larger than ever before, at that time of the
year, during the first two weeks of August. During the
last two weeks of August and the first three weeks of
September the ozone hole area continued to increase
at a pace close to the average of the last 10 years.

nual dynamical variability. This variability will make it
difficult to detect the onset of ozone recovery in Antarctica, and in particular it will be difficult to attribute
any positive change in ozone to declining amounts of
ozone depleting substances.
Some stations have observed total ozone columns
that are close to the all-time low for those stations.
There have also been episodes of unusually large total ozone columns at some stations. This variability
in ozone observations demonstrates the importance
of dynamical processes, in particular the position of
the polar vortex relative to the measurement site, in
addition to the chemical destruction caused by ozone
depleting substances.

The ozone hole reached a maximum area of about
27 Mkm2 on 19 September. Comparing with total ozone
data of the last decade from the satellite instruments
GOME and SCIAMACHY, the 2005 ozone hole ranks
as the third largest on record. During the last week of
September and through October the ozone hole area
declined at about the same rate as most of the previous ten years, but in mid-November it dropped from
14 to 3 Mkm2  in a matter of one week.

Continued observations from the ground, from balloons and from satellites of the three-dimensional distribution of ozone, and substances that affect ozone,
are necessary to obtaining the understanding we
need to identify ozone recovery and to attribute it to
changes in the stratospheric halogen loading. A better
understanding of vortex dynamics and its coupling to
external forcings, such as the quasi-biennial oscillation, as well as the effects of changes in greenhouse
gases and temperature, is also needed to interpret
the observations of the Antarctic ozone layer.

The 2005 ozone hole thus strengthens the tendency
towards the Antarctic ozone hole reaching its peak
earlier in the season and also breaking down earlier
than during the 1990s. All the ozone holes from year
2000 until now, with the exception of 2001, have declined more rapidly in the mid-October to mid-November period than during the years from 1996 to 1999.
This change in the temporal evolution of the ozone
hole over the course of the winter/spring season
points to changes in the meteorological conditions. In
particular, the large decrease in the ozone hole area
from 2003 to 2004 and the large increase again from
2004 to 2005 cannot be explained by changes in the
stratospheric halogen loading, but are due to interan-

This final 2005 issue of the WMO Antarctic Ozone
Bulletin contains a large number of figures to visualise observations and analyses of the Antarctic ozone
hole. Without the many contributions received from
numerous WMO-GAW partners it would not have
been possible to make such a comprehensive ozone
hole summary.   

The Adelie penguin
is the smallest and
most widely distributed penguin species in
the Antarctic region.
They are named after
the wife of the French
explorer Admiral Dumont d'Urville. More
information on these
birds can be found
here: http://www.antarcticconnection.com/antarctic/wildlife/penguins/

Photo: Camilla Stark,
Davis Station, Australian Antarctic Division.
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od. This figure shows that 2005 was colder than 2004
and in mid-September some days were as cold as or
colder than any year in the 1979-2004 time period.

Introduction
For background information on the Antarctic ozone
hole and ozone loss in general the reader is referred
to the first 2005 issue of this Bulletin, which can be
found here: http://www.wmo.int/web/arep/ozone.html

PSC area
The area where T < TNAT is a good proxy for the degree of ozone destruction. This so-called PSC area is
shown in Figure  2 for the 70 hPa isobaric level. It can
be seen that 2005 was very close to the 1995-2004
average. Yet, as described later, the maximum daily
area of the 2005 ozone hole is surpassed only by the
ozone holes of 2000 and 2003.

More background information is also found here: http://
www.wmo.int/web/arep/O3_summaries/O3_summaries_afischer.html.
This bulletin is the last one for the 2005 ozone hole
season and it is based on input from several WMO
partners.

Meteorological conditions

Vortex area

Minimum temperatures

The area of the south polar vortex at the 450 and
650 K isentropic levels made by the Climate Prediction Center at NCEP/NOAA is shown in Figure 3. The
vortex spun up relatively early in comparison with
earlier years of the last decade. Throughout most
of the winter the vortex area was very close to the
1995-2004 average. At the end of the winter the vor-

The temperature conditions of the 2005 south polar
vortex were colder than in 2004, but somewhat milder
than in 2003. Figure 1 shows NCEP minimum temperatures south of 65°S for 2004 and 2005 together
with the mean and range for the 1979-2004 time peri-35
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Figure 1. Time series of NCEP daily minimum temperatures at the 50 hPa isobaric level southward of 65°S. The thick red
curve shows 2004 and 2005. The green line shows the average of the 1979-2004 time period. The black curves show the
highest and lowest daily minimum temperatures for any year during the 1979-2004 period. The two horizontal blue lines
at -78 and -85°C show the temperature thresholds for formation of PSCs of type I and type II, respectively.
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Figure 2. The area at the 70 hPa level (approx. 17 km) where temperatures are lower than the threshold for existence of
polar stratospheric clouds of type I (NAT). The red curve represents 2005 and the blue curve 2004. The green dashed
line shows the average for the 1995-2004 time period. The black curves give the daily minimum and maximum for any
year during the 1995-2004 time period. It can be seen from this plot that the amount of type I PSCs in 2005 was very
close to the 1995-2004 average and significantly smaller than maximum areas obtained during the last decade.
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Figure 3. Time series of the area of the south polar vortex from April-December 2005. Data are from NOAA's Climate
Prediction Center. The upper panel shows the vortex area at the 450 K isentropic surface and the lower panel shows
the vortex area at the 650 K surface. The red curve represents 2005 and the blue curve 2004. The green dashed line
gives the 1995-2004 average, whereas the black curves represent daily minima and maxima for any year during the
1995-2004 time period.
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exactly to the area from the pole to 60°S. However,
the vortex might take on an elongated shape and extend further north than 60°S. In such cases the vortex
might affect areas outside Antarctica and especially
the southern part of South America. An example of
such an episode is shown in Figure 4 (upper panel).
On 8 and 9 October, the vortex swept over the southernmost part of South America and caused low total
ozone to be observed these two days at the GAW
station at Ushuaia, Argentina.

tex broke up earlier than the average for the last decade and the lower panel of Figure 3 shows that this
happened about two weeks earlier than average at
the 650 K level. As shown later, this led to a relatively
early disappearance of the 2005 ozone hole.

Vortex evolution
The polar vortex is usually quite concentric around the
South Pole. As seen in Figure 3, it reaches an area of
about 35 Mkm2 at 450 K, and this corresponds quite

Day number 282

Usually, even when the vortex takes on an elongated shape, the centre of the vortex remains close to
the South Pole. Around mid-November, however, the
vortex became severely displaced in the direction of
Africa and for a couple of days, the South Pole was
totally outside the vortex. This is shown in Figure 4
(lower panel). This vortex excursion resulted in a rapid increase in the total ozone column above the South
Pole as shown later (see Figures 8 and 12).

Plotted at NILU
by t106glob

Long-term temperature tendency
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Figure 5 shows monthly temperature anomalies at
the 50 hPa level south of 65°S. The anomalies are
deviations of the monthly mean temperatures from
the 1979-2004 average. From the figure it can be
seen that during most of the 2005 ozone hole season, temperatures were below the long-term average.
One can also see a tendency towards more negative
anomalies during recent years. However, the 2002
ozone hole season, when the polar vortex split into
two parts and dissipated much earlier than usual,
stands out as the most positive anomaly in the 19792005 time series.

ECMWF
Analysis of PV
10-6 Km2/kgs
Theta = 450 K
18 Nov 2005 06 UT
Day number 322
Plotted at NILU
by t106glob

Figure 4. Southern Hemisphere potential vorticity at the
450 K isentropic level based on data from the European Centre for Medium Range Weather Forecasts (ECMWF). The upper panel shows the situation at 12 UT on
9 October and the lower panel is for 6 UT on 18 November. On 9 October the vortex is elongated and stretches
out towards South America on one side and the Indian
Ocean on the other. However, the South Pole remains
deep inside the vortex. The lower panel shows the situation at 6 UT on 18 November. In this case the vortex
is not only elongated but also displaced towards Africa.
Many Antarctic stations that are usually well inside the
vortex are now entirely outside. This is also the case for
the South Pole.
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Figure 5. Temperature anomaly at the 50 hPa isobaric
level for the region south of 65°S. Anomalies are deviations of monthly mean temperatures from the long-term
(1979-2004) average for each month. Temperatures are
from the NCEP/CPC temperature analyses.
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values in August and early September can be seen.
The rapid increase in minimum ozone columns from
about 10 November can be seen in both SCIAMACHY (Figure 6) and the OMI (Figure 7) data.

Ozone observations
Satellite observations
Daily total ozone column minima, as observed by the
SCIAMACHY instrument on ENVISAT, are shown in
Figure 6. This figure shows that the last two weeks of
August and the first week of September 2005 experienced lower ozone minima than any of the nine preceding years. From early October, however, the ozone
column recovered faster than most of the years of the
last decade, and by mid-November ozone column
minima were similar to those observed in 2004. The
last few years, one has observed a trend towards earlier recovery of the ozone hole, and the 2005 ozone
hole confirms this trend.

The Earth Probe TOMS data for 2000-2004 have been
corrected for the calibration problems. EP TOMS and
OMI data are hence on the same calibration scale
and can be directly compared.

Ozonesonde observations
South Pole
Figure 8 shows a time series of the 12-20 km partial ozone column above the GAW South Pole station as measured with ECC ozonesondes. It can be
seen that on several days in September the partial
ozone column was lower than any of the earlier years
at the same date. In early October the partial column
stabilised around 15-20 DU and on 23 October, the
12-20 km partial column was 13 DU, which was the
lowest in 2005. From late October and until around
10  November the partial column was quite stable
around 25 DU. During mid-November, the polar vortex was displaced away from the South Pole and the
partial column rose quickly to nearly 100 DU. As the
vortex moved back over the Pole in late November,
the partial ozone column dropped to values around
40 DU and rose to 60 DU in mid-December as the
ozone hole started to dissipate.

Figure 7 show daily ozone minimum columns derived
from TOMS and OMI. Also here the very low ozone
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Figure 6. Daily minimum ozone columns in the Southern
Hemisphere as observed by GOME and SCIAMACHY
from 1996 to now. The black dots show the observations
for 2005 (until 20 December).
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the 12-20 km height interval. The measurements are
done with electrochemical concentration cell (ECC)
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Figure 7. Daily minimum ozone columns in the Southern
Hemisphere (south of 40°S) as observed by TOMS and
OMI from 1990 to now. The red dots show the observations for 2005 (until the end of December).
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ozone amounts recovered faster than usual during
October.

Davis
Figure 9 shows column ozone derived from ozonesonde observation made at the GAW station Davis
(68°S, 78°E) in comparison with total ozone from
TOMS overpasses. This plot shows that column
ozone was relatively low in early September in 2005
as compared to the previous nine years, but that

Column Ozone [DU]

500

400

Figure 10 shows a synthesis of ozonesonde data from
Davis for 2003, 2004 and 2005. The left panel shows
the difference in ozone mixing ratio between 2005
and 2003 and the right panel shows the difference between 2005 and 2004. From this figure one can see
that ozone mixing ratios at around 20 km were higher
in 2005 than in 2003, except in early November. The
right hand panel shows that ozone mixing ratios at
this altitude was lower in 2005 than in 2004 throughout September, October and early November. The
figure also shows the large positive ozone anomaly
in the 22 to 30 km altitude range. This phenomenon is
due to an influx of ozone rich air from lower latitudes
and was described in detail in Bulletin no. 6.
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Ozone soundings have been carried out at the GAW
station Syowa for almost four decades. This dataset
is very valuable for assessing the long-term development of the Antarctic ozone hole.

Jan

Figure 9. Column ozone climatology for Davis. TOMS
overpass column ozone is given as black line (mean
for the 1996-2004 period), red lines (maximum and
minimum values for any particular day) and green lines
(plus/minus one standard deviation). Ozonesonde data
for 2003 and 2004 are represented by the black dots
and the red dots give ozonesonde results for 2005. The
light blue vertical lines show how much of the ozone column that has been derived by extrapolating the constant
ozone mixing ratio from the balloon burst altitude to the
top of the atmosphere.

The following text and figure have been submitted by
Yasuo Shudo of the Japan Meteorological Agency's
Office of Antarctic Observations:
Figure 11 gives monthly averaged 12-20 km partial
column ozone in September, October and November
based on ozonesonde observation at Syowa from
1968 to present. This shows the ozone trend for the
altitude region where most of the ozone loss takes
place. The partial ozone column has decreased con-
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ference between 2005 and 2003 and the right panel shows the difference between 2005 and 2004. Light blue colours
(cyan) indicate no difference between the two years. Green, yellow, orange and red means that 2005 had more ozone
than the year in comparison and blue and violet means that 2005 had less ozone than 2003 or 2004, respectively. The
ozonesonde data have been smoothed both along the abscissa (15 days) and the ordinate (0.5 km).
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Figure 11. Partial column ozone
between 12 and 20 km height
at Syowa Station (Antarctica) in
September, October, November
and the average for SeptemberNovember. This height range has
been chosen since this is where
most of the springtime Antarctic
ozone loss takes place.
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siderably compared to the early 1970s, with a drop
of 80%. The decrease is especially large in October,
when the 12-20 km partial ozone column has stabilised around 20 DU since the early 1990s. The September and November partial ozone columns have
shown decreases during the 1990s, with interannual
variability. As Syowa is located near the vortex edge
region, the variability of partial column ozone may be
dominated by the excursions of the vortex. In 2002,
the Southern Hemisphere stratosphere underwent a
major stratospheric warming, increasing partial column ozone. This increase shows clearly in the October, November and September - November average
panels in Figure 11.

ber, the vortex remained displaced until the end of
November. This led to unusually high ozone columns
for the season. From the end of November, the vortex
moved back over the Pole and ozone values became
more typical for that time of the year.
Figure 13 shows South Pole total ozone averaged
over the 15-31 October time period for all the years
from 1961 to 2005. One can clearly see the rapid decline in total ozone from one year to the next during
the 1980s. During the latter half of the 1990s the decline levelled off and since 2000 there is a suggestion
450

The 1995-2004 average is a 5-day smoothed average.
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Ground-based observations
Observations from some stations will be highlighted
here, but time and space considerations have made
it impossible to describe data from each station. More
details can be found in the regular issues of the Bulletin.
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Figure 12 shows total ozone columns over the GAW
station at the South Pole based on measurements
with a Dobson spectrophotometer. During October
and early November, the ozone column was close
to and sometimes below the 1995-2004 average.
Around 10  November, the vortex was displaced so
that the Pole was no longer in the core of the vortex.
With the exception of a few days around 20 Novem-
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Figure 12. Spring total ozone measurements from the
South Pole Dobson spectrophotometer. The plot shows
that South Pole total ozone in 2005 has been quite close
to the 1995-2004 average, except for two periods in November where the polar vortex was displaced away from
the Pole, something that led to relatively large ozone columns.
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from the mean, and shorter period variation of 30 DU.
Values then fell rapidly, reaching a minimum around
110 DU around the September equinox. The lowest
value recorded was 99 DU on September 11, which is
the earliest that such low values have been recorded
and values around 100 DU were also measured on
September 19 and 20. The instrument under reads by
about 10%, so these are equivalent to a true reading
of 110 DU. Values rose, to reach around 300 DU at the
end of October, but fell to around 190 DU in early November. Values rose to around 350 DU in mid November, then began the slow decline to the autumn minimum and have reached 300 DU by 20 December.
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At the GAW station Vernadsky, mean ozone levels
declined from around 270 DU (10% depletion) at the
beginning of August to 150 DU (55% depletion) in
late September. Daily values dropped to 126 DU on
September 26, which is the second lowest value ever
recorded during the month. Values rose in October,
peaking above 350 DU in a major stratospheric warming at the end of the month, although this is still just
below the normal for the time of year. They fell back
to around 210 DU (40% depletion) in early November,
but then rose to near normal levels around 360 DU by
mid month. They are slowly declining to the autumn
minimum and have reached 320 DU (10% depletion).

2010

Figure 13. Time series of 15-31 October average total
column ozone measured by Dobson spectrophotometer
at the South Pole station annually from 1961 to 2005.

of a tendency towards larger ozone column amounts
than during the 1993-1999 time period. However, the
interannual variability has been larger since 2000,
and more observations are therefore needed before
this apparent increase can be attributed to declining
EESC (Equivalent Effective Stratospheric Chlorine).

Arrival Heights
Figure 14 shows the total ozone time series measured by NIWA at Arrival Heights. The red dots are
data from 2005. The minimum values in 2005 did not
get as low as some of the recent years, but around
day 295 (22 October), ozone values dropped lower
than seen during recent years at that date.

Halley, Rothera and Vernadsky
The following reports on the development at the stations Halley, Rothera and Vernadsky are found at the
ozone web site of the British Antarctic Survey (see
link at the end of the Bulletin).
The observations at Halley show that ozone values fell rapidly from late August, when observations
started, and reached a minimum of around 120 DU,
60% below the normal for the time of year, in late
September. Daily values dropped to 107 DU on September 27, which is the second lowest value ever recorded for the month. Values rose in October, with a
short stratospheric warming pushing daily values up
to 240 DU at the end of the month. Values dropped,
but then rose rapidly and reached 320 DU (15% depletion) in late November. A decline to 250 DU (35%
depletion) occurred in early December, with a recovery to 320 DU a week later. Around 20 December the
ozone column was slowly declining towards the autumn minimum and reached 320 DU, which is some
15% below the normal for the time of year.
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Figure 14. Time series of springtime total ozone over
the GAW station Arrival Heights for the time period from
day  213 (1 August) until the end of the year. The thick
green line represents the 1990-99 mean ozone column.

At Rothera, mean values in 2005 fell slowly from
285 DU at the beginning of the year to 240 DU in mid
August, with long period variation of around 20 DU
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Belgrano and San Martin
These two GAW stations are operated by the Instituto Antártico Argentino in collaboration with Italian
researchers from CNR.
Belgrano (77.9°S, 34.5°W) was located well inside
the polar vortex until it became displaced in mid-November. Figure 15 shows the total ozone measurements carried out with Brewer spectrophotometer.
From the measurements stared after the polar night
(13  September) until 11  November, ozone columns
were below 220 DU. As mentioned earlier, in mid-November, the vortex moved off the South Pole in the direction of Africa and Belgrano was also affected by this
vortex displacement. Over a period of ten days, from
9-19  November, the ozone column increased from
144 to 319 DU. As the vortex moved back over the
station ozone columns decreased to about 230 DU in
late November/early December. As the vortex started
to disintegrate in early- to mid-December, ozone columns again increased to around 300 DU. At the end
of December, the station was affected by "pockets"
of ozone poor air from the disintegrating vortex and
ozone columns dropped to around 250 DU.

Photo 1. The Brewer instrument in operation at the GAW
station Belgrano. Photo provided by Instituto Antártico
Argentino.

total ozone in 2005 was well below the 2000-2004 average during most of the ozone hole season, the only
exception being during the episode when the vortex
was shifted off the South Pole and also Belgrano was
well outside the vortex.

Although the ozone hole reached its maximum size
around 20 September, ozone depletion continued
after this, and Belgrano experienced the lowest total
ozone of the season during the first week of October. As can be seen from Figure 15, on several days
the ozone column dropped under 100 DU, and these
measurements are some of the lowest ever measured
at this station. From the figure one can also see that

San Martin (68.1°S, 67.1°W) was well inside the polar vortex throughout the month of September, and
it can be seen from Figure 16 that ozone columns
were below 150 DU as the measurements started on
24  September. On 30 September and 1 October, the
station was close to the vortex edge and ozone col-
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Figure 15. Time series of total ozone observed at Belgrano. The red curve shows 2005 values and the thick
grey line shows the average of measurements for the
2000-2004 time period. Most of the data for 2005 are daily averages based on several measurements. On days
where the daily average is missing, single measurements
have been plotted. These data should therefore be regarded as preliminary.
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Figure 16. Time series of total ozone observed at San
Martin in the Antarctic Peninsula. The red curve represents the 2005 measurements and the grey curve is the
average of observations of the 2000-2004 time period.
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Figure 17. Time series of total ozone observed with Dobson spectrophotometer at Marambio. The red curve
shows data from 2005 and the blue curve shows data
from 2004 for comparison.
Photo 2. The Brewer instrument in operation at the San
Martin station. Photo provided by Instituto Antártico Argentino.

umns increased intermittently to more than 200 DU.
As the vortex moved back over the station from 2 October, ozone columns dropped to below 150 DU and
remained low until the vortex again moved away from
the station on 13 and 14 October. This vortex excursion led to an increase in the ozone column of more
than 100 DU from 12 to 13 October. The vortex was
back over the station again from 17 October and total ozone remained well below 220 DU until 20 October, when the vortex again made an excursion away
from the site. Total ozone almost doubled from 169 to
330 DU from 20 to 22 October as the vortex moved
away from the station. From 30 October the vortex
was again over the station and ozone columns stayed
low through 9 November. From 9-10 November, the
ozone column increased by more than 130 DU as the
vortex moved away and became displaced towards
Africa, as described earlier (see Figure 4). After this,
total ozone never dropped below 220 DU since the
vortex started to dissolve, but total ozone decreased
during December as vortex remnants with ozone poor
air passed over the station.

Ushuaia and Salto
The GAW station at Ushuaia (54.5°S, 68.3°W) is usually outside the polar vortex, but most years the site
is affected occasionally by the ozone hole during the
austral spring. Figure 18 shows total ozone measured
with Dobson spectrophotometer at Ushuaia from September 1994 to present. Low total ozone episodes
can clearly be seen during most of the years. From
7 to 11 October 2005, the station was affected by the
ozone hole and total ozone went down to 161 DU on
8 October. As described in Bulletin no. 5/2005, this
led to a UV Index of 8, which is unusually high for
that time of the year. In the past, even lower ozone
values have been observed at Ushuaia, with 141 DU
measured on 6 October 2003, 142 DU measured on
12 October 2000 and 154 DU on 17 October 1994. It
should be noted that the occurrence and frequency of
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Marambio
The GAW station at Marambio (64.2°S, 56.7°W) is
operated by the Servicio Meteorológico Nacional of
Argentina. Like San Martin, it is located in the Antarctic Peninsula and the ozone variations experienced
during the 2005 ozone hole season are quite similar
for the two stations. Figure 17 shows the 2005 ozone
measurements together with the data from 2004.
From this figure one can see that Marambio experienced ozone variations quite similar to the ones seen
at San Martin, with episodes of thicker ozone columns
as the vortex moved away from the station around
days number 270, 290, 300 and 315, as described in
the paragraph above on the San Martin station.
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Figure 18. Historical data record from Ushuaia based on
Dobson spectrophotometer measurements. Measurements started in September 1994 and this plot is updated
through November 2005. The annually recurring ozone
hole can be seen in the form of sharp “dips” in ozone as
the vortex sweeps over the southern tip of South America.
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such episodes at Ushuaia and other sites that are occasionally affected by the vortex, are highly dependent on the dynamical behaviour of the south polar
vortex.
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The GAW station at Salto (31.4°S, 58.0°W), although
far away from the polar vortex, is sometimes affected
by low ozone air masses that leave the vortex and
that are transported northward.
The following summary of ozone observations at Salto
has been provided my Mercedes Ocampo of the National Meteorological Service of Uruguay:
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Total ozone values during the period from August to
the middle of December 2005, were higher than the
ones of 2004. The ozone curve for 2005 is rather similar to the one in 1996. The lowest value was 246 DU,
on 11 October (ozone hole influence). The highest
was 342 DU, on 31 August. However, these were not
the lowest or highest values of all the measurements
since 1996. On 19  September 1996, the total ozone
column reached 228 DU (Figure 19). TOMS data for
this day show that this was due to the influence of the
ozone hole too. Annual total ozone data from 1996
until now, show that lower values (216 DU) than those
mentioned above, were measured on 7 May 1997
and on 7 April 2004 (Figure 19).
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for a few days and this led to a rapid increase in total
ozone. This episode was followed by several similar episodes on 1 November (day 305), 9 November
(day 313) and 17 November (day 321). The ozone
increase during the 1 November episode can be explained by the vortex moving away from the station,
but during the two latter episodes of increased ozone,
the station was located inside the vortex at the 475 K
isentropic level. Analysis of the ozonesonde profiles
recorded around these dates reveals that there is an
enhancement of ozone at altitudes above the ozone
depletion region. Figure 21 shows that ozone is largely enhanced above 20 km on 23 October and 10  No40
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Figure 21. Ozone profiles measured with sondes at the
Syowa station. The green curve is the winter profile showing a typical profile before the ozone depletion sets in.
The magenta curve shows the profile around the time of
maximum ozone depletion in early October. The red and
blue curves show the profiles on 23 October and 10  November, respectively.
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Figure 20. Time series of total ozone measured at Syowa
for the years 2000-2005.

The time series of total ozone measured at the Japanese GAW station at Syowa (69.0°S, 39.6°E) for the
years 2000-2005 are shown in Figure 20. Syowa is
often located close to the vortex edge, but during August and September of 2005, the station was located well inside the vortex and total ozone decreased
steadily during this period, following quite closely the
development of some recent years, such as 2000,
2001 and 2003. The ozone values were well below
those of 2002 and 2004 during this period. Around 22
October (day 296), the station was outside the vortex
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Figure 19. Time series of total ozone recorded at Salto,
Uruguay. Data from 1996 through 2005 are included. Extreme values are marked with the total ozone values.
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system used to reach those objectives, i.e. a flotilla
of long-duration, closed, super-pressure balloons that
are able to fly for several months in the lower stratosphere and carry a light meteorological payload.
These balloons, which were specifically developed
by CNES for this campaign, stay on constant density
surfaces and therefore have the capability to perform
quasi-Lagrangian flights. They thus track the motion of air parcels, while the scientific payload, which
makes measurements every 15 minutes, follows the
physical changes of air masses.

vember. It can also be seen that on 10 November
there is less ozone in the 15-20 km height range than
on 23 October. This is in agreement with the data on
potential vorticity at 475 K, which shows that Syowa
was more inside the vortex on 10  November than on
23  October. The ozone enhancement on 23 October
is due to a combination of increased ozone in the
ozone depletion altitude region (15-20 km ) and at levels above (20-30 km), whereas the ozone increase on
10 November is mainly due to an increase above the
ozone depletion height region.

The ballooning operations began on September 5,
after some very brave American carpenters built the
temporary launch pad on the sea-ice in front of the
station under severe weather conditions. A total of
27  balloons were released in the two-month period,
with the temperature sometimes reaching -38°C. As
of December 12, 14 balloons were still making measurements in the polar stratosphere and the longest
flight that far was 90-day long.

The Stratéole-Vorcore Experiment
The following report has been submitted by Albert
Hertzog of École Polytéchnique, France.
The Stratéole-Vorcore stratospheric balloon campaign took place in September-October 2005 from
McMurdo, Antarctica. This campaign, which benefited from a very significant support from the National
Science Foundation as well as from the French polar
institute (Institut Paul-Émile Victor), is a joint effort of
the French space agency (CNES) and the Laboratoire
de Météorologie Dynamique (IPSL/CNRS). Photo 3
shows the launch of one of the balloons.

Figure 22 shows the flight track followed by one of the
balloons (#3) and Figure 23 shows the atmospheric
temperature measured from this balloon.
More than 125,000 observations have already been
collected, while the remaining flotilla is now (midDecember) experiencing the final breakdown of the
southern-hemisphere polar vortex. Mountain waves
with very large amplitudes (more than 15 K peak-

The main objective of the Vorcore campaign was to
study the dynamics of the polar vortex when the ozone
hole forms, at the end of the winter. This includes the
characterization of planetary waves and their role in
particle dispersion and mixing in the vortex core, the
description of shorter-scale gravity waves above Antarctica and the study of the dynamical isolation of the
vortex.
The project's uniqueness comes from the observation

Photo 3. The last of the 27 balloons, just after its launch
into the south polar vortex on 28 October 2005. This balloon would later escape the polar vortex in a high-PV filament. Photo by Philippe Cocquerez, CNES.

Figure 22. Trajectory of Vorcore flight #3. This flight lasted
for 86 days from 9 September to 5 December 2005. The
distance between two crosses is two days.
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Chemical evolution of the vortex

Air temperature during flight # 3

The following summary of Earth Observing System
(EOS) Microwave Limb Sounder (MLS) Observations
of Ozone Loss in the 2005 winter and a comparison
with the 2004 winter has been submitted by Gloria
Manney, Michelle Santee, and the MLS Team of
NASA JPL.
After the Aura launch on 15 July 2004, MLS began taking routine atmospheric measurements on 13 August
2004. First results on polar processing in the 2004
Antarctic winter are given by Santee et al. (2005).
Here we compare results for the 2005 Antarctic winter
with those from 2004.

Figure 23. Measurements of atmospheric temperatures
during Vorcore flight #3. The temperature was very low
at the beginning of the flight, with some measurements
below 180 K. With the return of the sun the temperature
increased, and planetary waves induced large temperature fluctuations during the last weeks of the flight.

Figure 24 shows maps of MLS species important to
polar processing studies on selected days throughout
the 2005 Antarctic winter. Lower stratospheric temperatures dropped below typical polar stratospheric
cloud (PSC) existence thresholds by mid-May. The
depression in gas-phase HNO3 on 31 May is indicative
of the presence of PSCs. Chlorine activation is beginning, as seen in the depression in HCl and enhancement in ClO in regions that receive sunlight. Note that
although chemical ozone loss has not started yet, O3
is lower in the center of the vortex than along its edge.
Low N2O and strong N2O gradients along the vortex
edge show the effects of confined descent and the
strength of the vortex.

to-peak) have been observed on several occasions
above the Antarctic Peninsula. Although the balloons
were injected in the vortex core, one of them (no. 27,
see photo of its launch) succeeded to escape in a
potential-vorticity filament when the planetary wave
activity picked up towards the end of November.
Furthermore, several groups that perform ozone
soundings in Antarctica (University of Wyoming, Alfred Wegener Institute, British Antarctic Survey, Australian Antarctic Division, Finnish Meteorological Institute and the Argentinian Meteorological Service)
agreed to make additional soundings on alert, when
Vorcore balloons were forecast to fly over their stations. This small "match-like" campaign is expected
to produce results on the ozone depletion this year
over Antarctica.

As seen in continuing N2O decreases, descent remains the dominant transport effect through 31 July;
after that, increasing N2O indicates that mixing and/
or ascent must be contributing to the transport. By
30  June, chlorine is nearly fully activated, with very
high ClO values filling the sunlit portion of the vortex, and HCl strongly depleted. Temperatures have
dropped below the ice PSC threshold and gas-phase
H2O is depressed.

Further results, the balloon trajectories, and ani- By 31 July, high ClO nearly fills the sunlit portion of
mations can be found on the Vorcore web site:. the vortex, and chemical ozone loss is apparent in
http://www.lmd.polytechnique.fr/VORCORE/McMurdo.htm
reduced values in a ring near the outer part of the
Questions on the Stratéole-Vorcore campaign can be vortex, coincident with the ring of high ClO. Chlorine
addressed to: Albert Hertzog (mailto:albert.hertzog@lmd.poly- remains activated through August, and O3 loss continues, with largest loss initially in the outer part of the
technique.fr) or François Vial, Stratéole-Vorcore PI (mailto:
vortex, consistent with previous results (e.g., Lee, et
francois.vial@lmd.polytechnique.fr)
al., 2000; Santee et al., 2005).
By 30 September, temperatures have risen above the
ice PSC (type II) threshold; the remaining low H2O
values indicate permanent removal by sedimentation
(dehydration). Chlorine is nearly deactivated, with HCl
near fall (April, not shown) values, and only a small
remaining enhancement of ClO. O3 depletion is virtually complete inside the polar vortex.
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Figure 24. Maps on the 490 K isentropic (constant potential temperature, theta) surface (~19 km) of key species measured by MLS during the 2005 Antarctic winter. The white contour is a potential vorticity (PV) contour representative of
the vortex edge. 196 and 187 K temperature contours are overlaid on HNO3 and H2O plots, respectively; the thick black
circle on the ClO maps shows the edge of polar night. The projection is orthographic, with thin circles showing 30 and
60°S latitudes. PV and temperature overlays are from the NASA Global Modeling and Analysis Office (GMAO) Goddard
Earth Observing System Version 4.03 (GEOS-4) analyses.

Figure 25 shows the time evolution of MLS trace gases in more detail and compares the behaviour in 2005
with that in 2004. As seen in the maps, decreases in
vortex N2O until late August indicate descent, while
later increases are caused primarily by mixing, and
possibly the beginning of ascent in October. Slightly
lower N2O values in late August 2005 than in 2004
suggest the possibility of more descent in 2005.

rence, indicating substantial dehydration, as is more
typical in the Antarctic. HNO3 is also sequestered and
sedimented in PSCs, causing denitrification. While
vortex HNO3 remains depressed in both years after
the last PSCs have gone, it is lower in 2005 than 2004.
Increases in the inner vortex in September 2005 and
October 2004 are consistent with indications of mixing seen in N2O plots.

The quick recovery of H2O in 2004 after temperatures
rose above the ice PSC threshold in late September
suggests there was relatively little permanent dehydration that year; in contrast, in 2005, H2O remains
depressed over a month after the last ice PSC occur-

Temperatures in 2005 were lower than in 2004: 2004
temperatures were below average until early August,
but above average after that (e.g., Santee et al., 2005),
while examination of meteorological analyses shows
that 2005 Antarctic lower stratospheric temperatures
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chemical processing observed by MLS in 2004 and
2005. N2O in both years shows effects of mixing, and
possibly ascent, in the lower stratosphere after midAugust, with continuing evidence of descent at higher
levels.

were near the lowest on record from July through October. Lower temperatures in 2005 are consistent with
more dehydration and denitrification in that year.
Chlorine activation begins in late May, with decreasing
HCl accompanied by increasing ClO in sunlit regions.
In August and September 2005, the vortex is more
completely filled with active chlorine than in 2004, and
the highest values cover a larger area. Deactivation
occurs rapidly in both years around the end of September, about 5-10 days later in 2005 than in 2004.

Depletion of H2O, through sequestration in PSCs followed by dehydration through sedimentation, in 2005
extends up to ~600 K (~23 km); this is in contrast to
2004, when H2O was not only higher in mid-August,
but also recovered substantially as soon as temperatures rose above the ice PSC threshold. Gas-phase
HNO3 in 2005 is depressed in the vortex starting in
early June 2005, and remains so through October.
The evolution of HNO3 in 2005 is similar to that in
2004. In both years, decreases in vortex HNO3 near
18-21 km in October result from mixing, and possibly
some weak ascent.
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Consistent with lower temperatures and greater chlorine activation, ozone loss in 2005 was significantly
greater than in 2004, and the region of largest loss
more completely filled the vortex. (Higher ozone outside the vortex in 2005 again suggests there may
have been more descent in this year than in 2004.)

1 Oct

Figure 26. Vortex-averaged (within a GEOS-4 PV contour representative of the vortex edge, corresponding to
central solid PV contour in Figure 25) MLS observations
as a function of theta and time, for the 2004 and 2005
Antarctic winters. The discontinuity in lower stratospheric
N2O on 1 September originates from approximation made
in the data processing algorithms for N2O whereby a quasi-linear radiance forward model is invoked with monthly
average climatological fields used as linearization points.
More accurate forward models have been developed and
are intended for use in later versions of the MLS data
processing. Pale colours indicate periods when MLS data
were unavailable that have been filled using a Kalman
smoother.

1 Oct

Figure 25. 520 K Equivalent latitude (EqL, the latitude that
would enclose the same area between it and the pole as
a given PV contour) time plots of six species measured
by EOS MLS during the 2004 and 2005 Antarctic winters
(EOS MLS standard daily atmospheric observations began on 13 August 2004). Overlaid contours are PV, with
solid contours (in the region of strong gradients) demarking the polar vortex edge. PV for EqL mapping and overlays is from GEOS-4. Pale colours indicate periods when
MLS data were unavailable that have been filled using a
Kalman smoother (e.g., Santee et al., 2004).
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Consistent with lower temperatures, chlorine was
more fully activated in 2005 than in 2004, with high
ClO/low HCl extending to higher altitudes, greater
maximum vortex-averaged ClO (reflecting the vortex
being more completely filled, as seen in Figure  25),
and elevated ClO at higher altitudes (21-25 km) persisting later. In both winters, deactivation is rapid
(~2 weeks) once temperatures have risen above PSC
thresholds, with ClO converted rapidly to HCl, as is
typically the case under severely ozone-depleted
conditions (e.g., Douglass et al., 1995).

Ozone hole
Daily ozone hole area
The ozone hole is defined as the region where total ozone is less than 220 DU. Using gridded satellite
data it is possible to calculate this area as the sum of
the area of all grid cells where total ozone is inferior
to this threshold. There are several sources of such
information and some of them will be used here. They
all use 220 DU as the threshold for the ozone hole.

SCIAMACHY on ENVISAT

The observational signature of chemical ozone loss
first becomes apparent about the beginning of July.
Since a signature of chemical loss will be apparent
in observations only after that loss is greater than the
amount of ozone replenished by descent, chemical
loss must have started in June, consistent with previous studies (Manney et al., 1995; Lee et al., 2000).
As a result of the differences in temperature and chlorine discussed above, O3 depletion was substantially
greater in 2005 than in 2004, with both the region of
near-zero O3 (below ~20 km) and highest level with
an obvious O3 depletion signature (~25 km) extending
1-2 km higher in 2005 than in 2004.

Figure 27 shows the daily ozone hole area for 2005
in comparison with data from 1996 to now. This figure
is based on data from GOME and SCIAMACHY on
ENVISAT. The figure shows that the 2005 ozone hole
formed relatively early and in mid-August the ozone
hole was larger than in any of the nine preceding
years around that date. The ozone hole size peaked at 26.9 Mkm2 on 19 September, which is the third
largest in the GOME/SCIAMACHY record, only surpassed by the ozone holes of 2003 and 2000. From
late September, the ozone hole started a gradual decline, pretty much in line with the average of the last
nine years. After a small increase in size in early November, the ozone hole area plummeted rapidly during the second week of November. This rapid decline
was much faster than the average of the nine preceding years, yet quite similar to 1997 and 2004. Also
in 2000 and 2003, the ozone hole started to shrink
earlier than usual, but the decline started earlier and
was more gradual than in 2005.
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Figure 28 shows the ozone hole area derived from
TOMS and OMI data. Also here one can see the early onset of the 2005 ozone hole during the first two
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Ozone Hole Area w.r.t. 220 DU in the Southern Hemisphere
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Figure 27. The ozone hole size as calculated from ozone
data observed with GOME on ERS-2 and SCIAMACHY
on ENVISAT. All the years from 1996 to 2005 (black dots)
are shown.
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Ozone hole climatology from satellites
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TOMS and OMI
The previous chapter discussed daily ozone hole areas. In order to compare individual years and in order
to be able to detect the first signs of ozone recovery,
it is more useful to look at the average values of the
ozone hole area over certain time periods, such as
weeks or months.
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1) Figure 30 shows the ozone hole area averaged
over the 30 days with the largest ozone hole area of
each specific year from 1979 to present. This means
that the exact dates of that period will change from
one year to the next.

Dec

Figure 28. Daily ozone hole area calculated from TOMS
and OMI data (2005). The thick white line is the average
ozone hole size for the years 1990-2001, and the grey
shaded area shows the range of the ozone hole area for
this time period. The area of North America is shown for
comparison.

2) Figure 31 shows the average ozone hole size over
the fixed 7 September to 13 October period.
From figure 30 one can see the regular saw-tooth pattern in the ozone hole area from 1996 to 2001, with a
relatively small ozone hole in odd years and a relatively large ozone hole in even years. One can also see
that the amplitude of the saw-tooth pattern is increasing with time. This pattern has been ascribed to the
influence of the quasi-biennial oscillation, which has
a 26 months period. In 2002, this pattern broke down
as the ozone hole split in two and broke down much
earlier than usual. However, looking at the 2002-2005
period, one can see that the saw-tooth pattern is back
and that the amplitude is larger than before 2002. Now
there is a relatively large ozone hole in odd years and
a relatively small ozone hole in even years. If this pattern continues the next few years, one can expect a

weeks of August and the rapid decline during the second week of November. The size of the 2005 ozone
hole is also quite similar for the OMI and SCIAMACHY data, both peaking at around 27 Mkm2.

SBUV/2
The ozone hole area based on data from the SBUV/2
instrument on the NOAA-16 satellite is shown in
Figure 29. Again one can see the early onset of the
ozone hole in August, although less clearly than for
OMI and SCIAMACHY. The size of the ozone hole
from SBUV/2 data is somewhat less than found with
data from SCIAMACHY and OMI, peaking at approximately 24 Mkm2 in mid-September. The rapid decline
during the second week of November is evident also
in this data set.
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Figure 29. Ozone hole area calculated from ozone observations obtained with the NOAA SBUV/2 instrument. The
thick light blue line shows the average area of the ozone
hole for the 1995-2004 time period and the two thick grey
lines show the maximum and minimum area recorded
during any of these years for each day.
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Figure 30. Average area where the total ozone column
is less than 220 DU. Data are averaged over the 30 days
with the largest ozone hole area of each particular year.
Data from 1979 to 2004 are from the various TOMS instruments, whereas data from 2005 are from OMI.
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Figure 31. Area of the ozone hole averaged over the
7  September to 13 October time period for all the years
1979-2005. This plot is based on TOMS data (Nimbus-7,
Meteor-3 and Earth Probe) from 1979-2003 and on OMI
data for 2004 and 2005. There were no TOMS measurements in 1995. The numbers in red and blue give the values for 1998 and 2005, respectively.

Figure 33. Antarctic ozone minima from TOMS and OMI.
For each year the single lowest ozone observation of that
year south of 60°S is chosen.

21  September to 16 October. Again, 1998 stands out
as the record year, with an average ozone minimum of
96 DU. The 2005 value of 112 DU is somewhat higher
than for the most of the last 10 years, with the exception of 2002 and 2004, which experienced unusually
weak ozone holes.

relatively small ozone hole in 2006 and a relatively
large one in 2007, and so on.
From Figure 31 it can be seen that the average size of
the 2005 ozone hole during the 7 September to 13  October period was somewhat smaller (24.5 Mkm2) than
the record ozone hole of 1998 (26.4 Mkm2) and the
one of 2003 (25.6 Mkm2), but quite similar in size to
the ozone holes of the last decade. The small ozone
holes of 2002 and 2004 shows the important role of
dynamics and temperature conditions.

Figure 33 also shows ozone minima in the Antarctic
ozone hole, but rather than taking the average over a
certain time period, one has for each year chosen the
single lowest ozone observation of that year. In this
data set the lowest ozone column was observed in
1994, with a column of 88 DU measured on 28 September. 1998 is also very low with 90 DU measured
on 30 September.  

Figure 32 shows the minimum ozone value inside
the ozone hole averaged over the time period from

SBUV and SBUV/2
Data from the NOAA instrument SBUV on the Nimbus-7 satellites and SBUV/2 instruments NOAA polar
orbiting satellites are used by NOAA researchers to
calculate average ozone hole areas for the 1 October - 30 November period and for individual months
(August, September, October and November). Due to
uncertainties in the August data (lack of daylight), the
August ozone hole areas are not shown here.
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Figure 34 shows the average ozone hole area for two
months of October and November. Since the ozone
holes of the most recent years have shown a tendency to peak earlier in the season than before, reaching
the maximum around mid September, they show up
in this diagram as relatively small. As in the NASA
analysis in the previous section, 1998 is the year with
the largest average ozone hole area. The time period
for the two analyses are different, though.
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Figure 32. Ozone minima in the ozone hole averaged
over the 21 September to 16 October time period for the
years 1979-2005. The data material is the same as used
in Figure 30. The numbers in red and blue give the values
for 1998 and 2005, respectively.
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Figure 35 shows the average ozone hole area for the
months of September, October and November. The  
development of the ozone hole area during the last
years in September and October is somewhat different from the one in Figure 34. With the exception of
the warm winters of 2002 and 2004 it looks as if the
ozone hole area has levelled off, but one does not
see the same decline in the ozone hole area as one
can see in   the 1 October - 30 November average
ozone hole area (Figure 34). One can also see that
the October average ozone hole size (Figure 35, middle panel) was larger in 2005 than in 2003, although
the 2003 ozone hole reached a larger maximum size
when one considers the daily ozone hole areas (see
Figures 27, 28 and 29). The November ozone hole
size (Figure 34, lower panel) features large interannual variability. One can see that the November 2004
ozone hole size, despite the fact that it was one of
the smallest ozone holes of the last decade (see Figure 27) is larger than its 2000, 2002, 2003 and 2005
counterparts. It is also interesting to note that the
November 1987 ozone hole was larger than many of
the recent ozone holes, although the EESC (Effective
Equivalent Stratospheric Chlorine) was lower then
than during recent years. This shows that interannual variability in the dynamical evolution of the south
polar vortex, in addition to the halogen contents of
the stratosphere, plays an important role in governing
the size of the Antarctic ozone hole. This variability
makes it difficult to attribute changes in ozone hole
size to changes in EESC.  

16.4 16.4

18

16

15.3

14
Ozone hole area [Mkm2]

14.3 14.4

14.2

13.5

13.2
11.8

12

10.9

10.5

9.9

10

9.8

9.7

9.3
8.5

8

8.0

7.5

6
4

3.3

2
0

4.2

3.9

3.0
1.5

1.5
0.0

0.3

0.1

79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05

Figure 34. Area of the ozone hole for the time period
1  October - 30 November. The ozone data are from the
SBUV and SBUV/2 instruments.
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The ozone hole is formed in the Antarctic vortex due
to the low temperatures found there during the polar night. It is the combination of elevated (relative to
pre-1980) chlorine and bromine concentrations and
low temperatures that leads to the activation of passive halogen species into active chlorine and bromine
species that destroy ozone. One would therefore assume that the extent and duration of the Antarctic
ozone hole is closely linked to the meteorological evolution of the south polar vortex, and in particular the
temperature conditions. Figure 36 shows the correlation between the vortex break-up date and the date
of disappearance of ozone columns below 220 DU.
The exact definitions of vortex break-up and ozone
hole disappearance dates are given in the figure caption. As expected, there is a fairly compact relation-
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The plots shown in this section can be found in the
NOAA Southern Hemisphere Winter Summary for
2005. A link to this summary is found at the end of the
Bulletin.
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Figure 35. Average area of the ozone hole during the
months of September (upper panel), October (middle
panel) and November (lower panel) as detected by SBUV
and SBUV/2 instruments.
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UV levels at McMurdo, Palmer, and Ushuaia varied
about their means calculated from historic measurements. In the past, spikes in UV have been observed
during November and December when pockets of
ozone depleted air moved over network sites during
the break-up of the ozone hole. Such event have not
been observed in 2005.
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Total ozone at McMurdo Station ranged between 226
and 381 DU, according to TOMS. UV levels varied
about the long-term mean calculated from measurements of the last 14 years. The daily maximum UV
Index ranged between 2.4 (17 November) and 5.2
(3  December). UV Indices as high as 7 have historically been measured between mid-November and
mid-December.
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Figure 36. Plot of the day of each year from 1980-2005 in
which the area with ozone less than 220 DU diminished
to less than 2.5 Mkm2 versus the day of the year when the
south polar vortex (defined as the -32 PVU contour enclosed area at the isentropic level of 450 K) diminished to
less than 5 Mkm2. Each data point is labelled by its year,
with 2005 in red. In 1979 and 1981 the area with ozone
depletion did not reach the threshold used here.

Palmer Station, Antarctica
Total ozone at Palmer Station ranged between 282 and
381 DU. UV levels varied about the long-term mean
calculated from measurements of the last 13  years.
The daily maximum UV Index ranged between 2.6
(5  December) and 7.6 (15 December). UV Indices as
high as 14 have historically been measured between
mid-November and mid-December.

ship between the persistence of the vortex and the
persistence of the ozone hole. In years when the vortex persists further into the spring, the ozone hole will
also last longer. The year 2005 was very close to the
average of the last 25 years, both in terms of vortex
and ozone hole persistence. It is interesting to note
that 2000 and 2003, the two years with the highest
daily ozone hole area, experienced an earlier breakdown than many years with less extensive ozone
holes, such as 2004, for example.

South Pole, Antarctica
At the South Pole, total ozone dropped below 220 DU
between 1 and 3 December and between 10 and
12  December. These episodes of low total ozone led
to marked increases in UV. The UV Index ranged between 1.1 (11/15/05) and 3.0 (12/11/05). UV Indices
as high as 3.6 have historically been measured between mid-November and mid-December

Ushuaia, Argentina
Total ozone at Ushuaia ranged between 284 and
374 DU. UV levels varied about the long-term mean
calculated from measurements of the last 14 years.
Variability in UV was mostly caused by changes in
cloudiness. The daily maximum UV Index varied between 2.0 (22 November) and 8.0. UV Indices as high
as 11 have historically been measured between midNovember and mid-December when pockets of ozone
depleted air moved over Ushuaia.

UV radiation
NSF network
The US National Science Foundation funds a network for the monitoring of ultraviolet radiation at stations scattered around the globe. There are several
stations in Antarctica and the southern part of South
America.
UV Bulletins are issued regularly by Biospherical
Instruments Inc. Their sixth Antarctic UV Bulletin of
2005 reports on the 15 November to 15 December
time period and states the following:

2005 ozone hole season UV summary
UV levels measured by the NSF UV Monitoring Network during the 2005 ozone hole period generally
fell within the range of historic observations. At McMurdo Station, comparatively high UV values were
measured between 21 and 25 October when total
ozone fell below 150 DU. At Palmer Station, UV levels
peaked between 2 and 7 November, when the center

During the first two weeks in November, the size of the
ozone hole had rapidly decreased. Regions with total
ozone below 220 DU still existed during the reporting
period, affecting UV measurements at the South Pole.
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December Ozone and UV in New Zealand
As the vortex broke up in December filaments with
ozone poor air was transported to lower latitudes. On
16 and 17 December, New Zealand was affected by
low ozone columns originating in the Antarctic ozone
hole. Figure 37 shows total ozone observations for the
month of December above Lauder, New Zealand for
the last three years. On 16 and 17 December 2005, the
total ozone column was around 250-260 DU, which is
lower than in December of the two previous years. This
thin ozone layer resulted in increased UV radiation at
the ground and the UV Index at Lauder exceeded 14
on 16 December and 13 on 17 December, as shown
in Figure  38. Usually such UV Indices are only found
closer to the equator. The episode with ozone poor air
being transported towards New Zealand can be seen
in this animation made by the Stratéole-Vorcore team:.
http://gershwin.ens.fr/basdevant/VORCORE/VorcoreOZ4.mov

360
December Ozone Measurements at Lauder New Zealand
from the UVM spectrometer

Ozone column [DU]

14

UV Index

of the ozone hole was displaced toward the Antarctic peninsula. At the South Pole, maximum UV levels
were observed on 12 December when total ozone
dropped below 200 DU and the Sun’s elevation above
the horizon was close to its annual maximum. Ushuaia experienced a marked increase in UV on 8 October when a large portion of the ozone hole passed
over South America. For example, the noon-time UV
Index at Ushuaia increased from 3.6 on 6 October to
8.2 on 8 October. Similar spikes in UV radiation were
observed also on 1 and 8 November. UV Indices as
high as 12 have been measured at Ushuaia historically during similar episodes of low total ozone.
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Figure 38. UV measurements at Lauder, New Zealand
during December 2003 (green), 2004 (blue) and 2005
(red). The erythemal dose rate is given on the left-hand
y-axis and the UV Index on the right-hand y-axis.

Distribution of the bulletins
The Secretariat of the World Meteorological Organization (WMO) distributes Bulletins providing current Antarctic ozone hole conditions beginning mid-August of
each year. The Bulletins are distributed via the WMO
Global Telecommunication System (GTS) and are
also available through the Global Atmosphere Watch
programme web page at http://www.wmo.ch/web/arep/ozone.
html. In addition to the National Meteorological Services, the information in these Bulletins is made available to the national bodies representing their countries
with UNEP and that support or implement the Vienna
Convention for the Protection of the Ozone Layer and
its Montreal Protocol.

Acknowledgements and links
These Bulletins use provisional data from the WMO
Global Atmosphere Watch (GAW) stations operated
within or near Antarctica by: Argentina (Comodoro
Rivadavia, San Martin, Ushuaia), Argentina/Finland
(Marambio), Argentina/Italy/Spain (Belgrano), Australia (Macquarie Is and Davis), China/Australia (Zhong
Shan), France (Dumont D’Urville and Kerguelen Is),
Germany (Neumayer), Japan (Syowa), New Zealand
(Arrival Heights and Lauder), Russia (Mirny and Novolazarevskaja), Ukraine (Vernadsky), UK (Halley,
Rothera), Uruguay (Salto) and USA (South Pole, McMurdo). More detailed information on these stations
can be found at the GAWSIS web site (http://www.empa.
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Figure 37. Total ozone measured at Lauder, New Zealand during December 2003 (green), 2004 (blue) and
2005 (red). On days 350 and 351 (16 and 17 December)
total ozone dropped to about 250 DU.
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ch/gaw/gawsis).

Foundation’s (NSF) UV Monitoring Network (http://www.
biospherical.com/nsf).

Satellite data on ozone and ozone relevant constituents are provided by NASA (EP TOMS, AURA/MLS
and AURA/OMI) (http://toms.gsfc.nasa.gov/eptoms/ep_v8.html,
http://mls.jpl.nasa.gov,

Maps of total ozone from OMI are plotted with software from the NADIR data centre at the Norwegian
Institute for Air Research and UV dose rates are calculated with a radiative transfer model developed by
Arne Dahlback, University of Oslo.

http://jwocky.gsfc.nasa.gov/eptoms/dataqual/

ozone.html),

NOAA/TOVS (http://www.cpc.ncep.noaa.gov/products/
stratosphere/tovsto/), NOAA/SBUV/2 (http://www.cpc.ncep.noaa.
gov/products/stratosphere/sbuv2to/) and ESA/Sciamachy (http://
envisat.esa.int).

Detailed analyses of ozone data from the Davis Station have been provided by Andrew Klekociuk of the
Australian Antarctic Division.

Potential vorticity and temperature data are provided
by the European Centre for Medium Range Weather
Forecasts (ECMWF) and their daily T106 meteorological fields are analysed and mapped by the Norwegian
Institute for Air Research (NILU) Kjeller, Norway, to
provide vortex extent, PSC area and extreme temperature information (http://www.nilu.no/projects/nadir/o3hole).

Plots and data on the ozone hole area and ozone
minima from TOMS and OMI have been provided by
Richard McPeters and Eric Nash of NASA GSFC.

Meteorological data from the US Climate Prediction
Center are also used to assess the extent of PSC
temperatures and the size of the polar vortex (http://
www.cpc.ncep.noaa.gov/products/stratosphere/polar/polar.html).
Figures from the NOAA Southern Hemisphere Winter
Summary for 2005 have been used in this Bulletin.
The complete Winter Summary can be found here:.
http://www.cpc.ncep.noaa.gov/products/stratosphere/winter_bulletins/sh_
05/

Ozonesonde data and plots from measurements at
the South Pole are found here: http://www.cmdl.noaa.gov/

Data and plots on the ozone hole area from SBUV/2
and meteorological data on vortex size and PSC area
have been provided by Craig Long, NOAA.
Plots of ozone and UV from Lauder, New Zealand  
have been provided by Richard McKenzie, NIWA.
Plots of ozone from Arrival Heights are provided by
Sylvia Nichol, NIWA.
Data and plots from Argentinian stations have been
provided by Màximo Ginzburg, Servicio Meteorológico Nacional of Argentina and by Luigi Ciattaglia, CNR,
Italy.
In cases where complete reports with text and figures
have been provided, the authors are mentioned in
conjunction with those articles.

ozwv/ozsondes//spo/index.html

A plot of 2005 South Pole total ozone data together
with data from recent years has been provided by
Robert Evans, NOAA.

And last, but not least, recognition should also be given to all those who perform the observations under
extreme conditions at isolated sites. Some insight into
the daily life at a station in Antarctica can be found in
the blog of Camilla Stark (http://bergybits.blogspot.com).

Ozone data analyses and maps are prepared by the
World Ozone and UV Data Centre at Environment
Canada (http://exp-studies.tor.ec.gc.ca/cgi-bin/selectMap).

Questions regarding the scientific content of this
Bulletin should be addressed to Geir O. Braathen,.
mailto:GBraathen@wmo.int, tel: +41 22 730 8235.

Data on daily ozone minima and the ozone hole area
based on data from SCIAMACHY and GOME are provided by the Royal Netherlands Meteorological Institute (http://www.temis.nl/protocols/O3global.html).

The next WMO Antarctic Ozone Bulletin is planned
for Thursday 24 August 2006.

UV data are provided by the U.S. National Science
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