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Preface

Ozone plays an important role in the life cycle of earth due to its ability to absorb UV
radiation from the sun. In the mid 19700s sc
chlorine and brominéCFCs and halas)were capable of destroying the ozone layer (Molina

and Rowland, 1974). The attention and debate about the ozone destruction were further
insteisfied when the Antarctic (armametalhol e wa
1985)

In 1987 the Matreal Protocol was put into effect in order to reduce the production and use of
these ozonelepleting substances (ODS). This international agreemenateadéen revised
several timesThe amount of ODS in the troposphere reached a maximum aroundrb@95.
amount of most of the ODS in the troposphere is now declining slowly and one expects to be
back to prel980 levels around year 2050. In the stratosphere the peak is reached somewhat
later.

It is now important to follow the development of the ozonelay order to verify that the
Montreal Protocol and its amendments work as expected. For this, we neegtaailg
basedneasurements at a large number of sites distributed globally in combination with
satellite observations. It is the duty of every istthalised nation to follow up with national
monitoring programmes.

The Norwegian Pollution Control Authority es
atmospheric ozone layero in 1990, which at t
only. In1995 UV measurements were also included in the programme.

The Norwegian Institute for Air Research (NILU) is responsible for the operation and
maintenance of the monitoring prognar® The purpose of the programeis to:

1. Provide continuous measurementdaifl ozone and natural ultraviolet radiation that
reach the ground.

2. Provide data that can be used for trend analysis of both total ozone and natural
ultraviolet radiation.

3. Provide information on the status and the development of the ozone layer amdl natur
ultraviolet radiation

4. Notify the Norwegian Pollution Control Authority when low ozone/high UV episodes
occur.

In 20@8 the monitoring programme included measurements of total ozone and UV at two
locations, Oslo (60N) and Andgya (69N) and ozone profike measurements at one location,
Andgya. This repogummarieshe activities and results of the monitoring programme during
the year 208. The report includes trend analyses of total ozone for the period2D@B8%9or

both sites and comments on the expgctone recovery at northern latitudes. Further the
total yearly UV dose for 2@at Oslo and Andgya is included.

Kjeller, June 200

Cathrine Lund Myhre
Senior scientist and project manager
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1. Summary

This annual report describes the acringof/iti
the atmospheric ozone | ayer &whthinaparuoftiel u
governmental programme for monitoring pollution in Norway.

es
| tr

Measurements of total ozone

The Brewer instrument at Oslo has been in operation at thersityvef Oslo since the
summer of 1990. Total ozone data from a Dobson spectrophotometer are available for the
period from 1979 to 1998.

By combining the two data series, we have been able to study the changes in the ozone layer
above Oslo for the pero1979 2008. During this period the ozone layer has a total yearly
decrease of 3.% andas much ad.6% decrease is observed digithe spring months since

1979, but the spring trend is not significao significant trends are observed for the winter,
summer, and autumn months in Oslo.

For Andgya a similar trend analyssgperformed for the period 1972008. The total ozone
values for the period 1978994 are based on measurements from the satellite instrument
TOMS (Total Ozone Mapping Spectrometevhereas for the period 1962008 total ozone
values from the Brewer instrument are used. The
results from the trend analysis show no
significant trends in total ozone for Andgya.

The stratospheric winter 2007/68n be
classified as a cold winter, givingse to
conditions were chemicalzone destruction
might occur. According to the observation this
was also the case. Significant ozone loss was
observed during winter and spring 30fitiated
by the formation angresence of polar
stratospheric cloudsé€s picture)In Februarythe
monthly mean ozone value was more tha%1
below the long term mean level over Qsdad
alsoDecember had very low valuesOsla 12%
below the long term mean.

The colourful mother of pearl clouds at
picture are polar stratospheric clouds

observed aLillestram in January 2005. : . :
\@Braathen, NILU) / might be signs obzone recovery from mid

Recent global ozone data indicate that there

1990s in most of the world. However this is

uncertain, particularly at high latitudes and in the
Arctic region. The uncertainty sausedy the high natural variability in this regicand the
influenceof factors likedecreasinggmperatures in the stratosphere, which is partly dtleeto
increase of greenhouse gases in the troposphere.

We have recentlinvestigate if there is goossible turning poirendof the ozone layesbove
Oslo. Thefirst results of this analysiadicatethat theminimum is passednd that the ozone
layer above Oslo isowin a recoveryphaseThe minimum wagassedn the periodrom
19881997. Since then there has beegradual increase, howeuhe last years there seem to
be a stagnation of this defoepment.
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There are several satellite dataset with ozone available for the region. A great benefit of
using these data in the annual analysis of the ozone layer is the inénéasadtionof

the spatial coverage. éomparison of the ground based datth\satellite data for selected
years show good agreement during the summer, while the deviations are larger in the
winter monthsFurthertheresults indicate that the ozone satellite data underestimate
slightly the ozone layer in our region.

Consideraly longer data series and improved understanding of atmospheric processes and
dynamics are needed to predioeé development dhe ozone layer with acceptable
confidence.

Measurements of ozone profiles

The ozone lidar at Andgya provides measuremerttseabzone concentration at altitudes

from approximately 8 km to 50 kiwon days with clear sky. The measurements from the ozone
lidar are very useful for studying rapid variations in the ozone profiles and are important for
detection otchemicalozone loss dring spring and for thenderstandingf the processes that
leads to changes in the ozone layer. @éeelopment of the stratospheric ozone layer ir8200
showsozonedestruction in springtime, but not as muchrathe year 2005.

UV measurements

The Nomvegian UV network was established in 1994/95 and consists of fuharfhels GUV
instruments located from 38 to 79N. From 2006 the instrument at Myesund has been
excluded from the network. As a part of the @tbnitoring programme NILU has been
respnsible for the daily operation of two of the instruments, located at OsiN)&dd
Andgya (69N). After the exclusion of the instrument in Myesund, the site closest to Arctic
is Andgya.

The highest UV dose rate in Oslei9.3 mW/nv, was observel Juneand is equivalent to a
UV index of6.0. At Andgya the highest UV index,44 was observed cthe 3 June

Personnel and institutions

Several persons and institutions are involved in the operation and maintenance of the
monitoring programme and havevgn valuable contributions to this report. Prof. Arne
Dahlback at the University of Oslo (UiO) is responsible for ozone and UV measurements in
Oslo. Kare Edvardsen (NILU) is responsible for ozone and UV measurements at Andgya. The
ozone lidar at ALOMAR i®wned and operated by NILWKé&re Edvardseand Kerstin

Stebel) and the Andgya Rocket Rar@&a Engelsen is working with forecasting and

detection of high UV episodeBr. Tove Svendby, (NILU) ensures the data submission to
The World Ozone Data Centretip://www.msesmc.ec.gc.ca/woudc/She is also involved

in the analysis of the satellite data together with Dr. Cathrine Lund Myhre. Lund Myhre is
responsible for the program, and is involved in the datgysisaamongst others.
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http://www.esa.int/) and The Norwegian Space Centre (Norsk Romsenter,
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2. Ozone measurements in 2@

Daily measurements ¢btal columnozone, which means the total amount of ozone from the
earth surface to the top of the atmosphere, are performed in O4N) @t at Andgya

(69°N). Total ozone is measured by Brewer spectrophotometers at both locatidmsigya
also the oane profile from 845 km i measuregroviding information about the ozone height
distributionat clear weather conditions. We have also included analysis of catelétedata

to have a more complete description of the ozone situation in Norway afcttizeregion.

The International Ozone Services, Canada, has calibrated both Brewer instruments against a
reference instrument on a yearly basis, last time in Jur® BRDAddition, the instruments are
regularly calibrated against standard lamps in aimeheck the stability of the instruments.

The calibrations indicate that both instruments have been stable during the years of operation.
Calibration reports are available on request.

wov

450 Daily ozone values 2008 ] . .
] ~— Longterm mean 1979-1989 In the following sectiosare the
l resultsof theground basedzone
[Klay! measurementsOdo and Andgya

\ | presentegdand inChapter4 on page
|
I
i

400

350

25 are satellite data of ozone

1 I presented.
300 b

250 1 2.1 Total columnozone in
Oslo

Jan ' Feb' Mar '

MayI Jun ' Jul | Aug ' SepI Oct ' Nov ' Dec
Month

Apr

Daily ozone vales for Oslo in 2008,
based on measurements with the
Brewer spectrometer no. 42, are
shown inFigurel. The black curve
shows the daily ozone values

Figure 1a): Daily total ozone values measd at the
University of Oslo in 2008. The red curve shows t

Iong— term monthly mearﬂm‘ﬁﬁ.'y“ meeinﬁrz%g‘;‘ 197369. 1 measured in 2008, whereas the red
] —— Longterm mean 1979-1989 1 curve shows the loaterm monthy
1 1 mean values for the years 197989.
400 — 1 The total ozone values are based on

o 1 directsun(DS) measurements, when
D] ] available. In 2008®S measurements
. 1 were performed.39 days. For
07 / 1 overcast days and days where the
] 1 solar zenith angle is larger than°72
(sun lowerthan 18 above the
i horizon), the ozone values are based

Jon T Feo ar e ey Lan i T fsep Toct Tor oo the global irradiance method

(Stamnes et al., 1991). This is the
case for 224 days in 2008. In 2008
there is only one day with missing
data, &' January. This is due to bad
weather and cloud conats.

200

Figure 1b): Monthly mean ozone values for 2008.
The red curve shows the lotgym monthly mean
values from 1979.989.
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Figure 1a) displays the daily total ozone values for Oslo together with théglongnean

values. Large dato-day fluctuations are observed particularly in the spring, and there are
periods during spring with ozone values significantly belowdhg-term meanwhich is a
common phenomenoithe lowest ozone value was observed 26 December, and was as low
as 218 DUFurthermorehere is a period from 26 May to 10 June with values considerable
below the longterm mean. The most extreme day was ®Jumith ozone values 11% below

the long term mean and a UV Index of 6.3 (see seétit)n

The monthly mean total ozone values for 2008 are shoWwigurelb) and compad with
the longterm monthly mean values for the period 19289. As seen from the Figure the
2008 ozone values were close to the mean values in all months, except for Fdbanciny
and December.

Section3.2.1and3.4includes a broader discussion and interpretation of the ozone situation in
Norway in 2008.

2.2 Total column ozoneat Andgya

At Andgya theotal ozone values are based on dirot measurements when available, as in
Oslo.For overcasdays and days where the solar zenith angle is larger tkds0lower

than 10 above the horizon), the ozone values are based on the global irradiance method. The
GUV-instrument has been used for ozone retrieval when the Brewer instrument has been out
of order or Brewer measurements have been prevented by bad weather. ThEgelays 1

without ozone observations at Andgya, and all of them are a direct result of the polar night
not suitable weather conditioriBable1 gives an overview of the different instruments and
methodghat were used at Andgya in 2008

Table1: Overview of instruments and methods applied in the obserwatitie total ozone
above Andgya in 2008.

Total days with

Priority Method observations

1 Brewer instrument, direct sun measurements 95
2 Brewer instrument, global irradiance method 119
3 GUV instrument, Gl method 15
4 Lidar (measurements in the Polar night) 13

10
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Figure 2a): Daily total ozone values measured at
ALOMAR, Andgyan 20 by the Brewer, GUV and
LIDAR instruments. The use of the different
instruments is shown in the lower part of Figure 2a)
The red line shows the lorigrm monthly mean
values from 1979.989.
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Figure 2b): Monthly mean ozone values for 2(
compared to the lorterm monthly mean values for -
period from 19791989 shown as the red curve.

Daily ozone values for Andgya in
2008, based on measurements with
the Brewer spectrometer, are
shown inFigure2a). The black
curve shows the daily ozone values
from 20, whereas the red curve
shows the longerm monthly mean
values for the years 1971989.

Total ozone values during the polar
night (November to Februg are
based on ozone profiles measured
by the ozondidar at ALOMAR
andareindicated by blue stars.
These data give a good picture of
the ozone variation during the
winter months when Brewer and
GUV measurements are not
achievable. The green marks i th
lower part of Figure 2a) shows the
frequency and distribution of the
various instruments applied.

Monthly mean ozone values based
on the daily ozone measurements
from the Brewer instrument are
shown inFigure2b). For January,
November, and December (polar
night) there are not sufficient data
to calculate monthly means. The
comparison between the lotgrm
mean and the monthly mean ozone
values for 208 shows that the
ozone values are below the long
term mearthroughout he whole
year, except for March and
October.

After 2006 automatic procedures
ensured submission oéattime
ozone data from Andgya to the

international community through the World Ozone and Ultraviolet Radiation Data Centre

(http://www.woudc.orgy.

11
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2.3 Stratospheric ozoneprofile measurementanadein 2008by means of
the ozone lidar, located at ALOMAR G69°N, 16°E)

To follow the development of the stratospheric ozone layer during winter 2007/@8 and
2008 lidar measurements have been perforified.ozone lidais located at the Arctic Lidar
Observatory for Middle Atmosphere Research (ALOMARANdgya69°164N, 16’00,

elev. 380 m) The measurements are quality controlled and contribute to theoNebiv
Detection of Atmospheric Composition Change (NDACC). The system has been operated
a routine basis during clear sky conditioriéormally two hours of measurements result in an
ozone profiles in the height rangetween 8 and5 km. In 2008sufficient longmeasue-

ments have been made34 days B9 occasions 34 quality contolled ozone profiles have
beenretrievedfor 33 days. The specific days are summarizetainle 1. Polar stratospheric
clouds have éen detected in January and February 20083 ge&for more details).

Table 2: Overview over days with stratospheric ozone profiles measured in 2008, retrieved
from measurements with the ozone lidahich is located at ALOMAR.

Month Ozone profiles Comments

January 3,9, 10, 14, 17, 18, 21a, 21b, 22, 23, 31

February 4,26, 27, 29

March 1,4,7,11, 12, 26 new detector

April 7,8,9,10, 30

May - August - no daylight measurements
September 9, 10, 11, 16, 30

October 2,16

November - laser failure

December 15

Compared to 2007, the number dfri@ved profiles has increased frorh @ 34 butthisis

still far from optimal. Increasing costs based on changed ownership and drift of the system
(70% NILU, 30% Andgya Rocket Range) and necessary investhmeake it difficult to
continue thdong-time serief stratospheric ozone pradilmeasurements, which has started
in 1995. Laborntensive daylight measuremedige to high requirements the alignment of
the systeniave not been made in 2008, due to insufficienting.

The development of th&ratospheriozone layer aboveorthern Scandinavighroughout
2008is illustrated inFigure3. For comparison, the stratospheric ozpnafilesseen during
previous years (1996 and 2003007) are showm Figure4.

! New detector based dransient recorder from Licel Gmbtdoftware development

12
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Figure 3: The stratospheric ozone layer in 2008, derived from profiles measured by the
ALOMAR ozone lidar and ozone sondes launched in Sodankyla, Finland, in 2008. The black
dots at the bottom of the plot mark theds when lidar measurements were performed, while
the red dots mark days where data from ozone sondes launched from Sodankyl&d were used.
Between the individual measurements the data were linearly interpolated and smoothed with
a oneweek median filter. Ne: vertical blue lines are due to data gaps.

Comparing the winter 2008 with previous oné® ozone situation was not remarkable in
either a positive or negative manner. The spring time ozonaoetaslow as in the very col
winter 196, but clearly mredepleted than after the warm winteil020The averaged ozone
depletion has been retrievby Goutailand ceworkers and based on resuksg. from the
SAOZ networkthey calculated the Arctic depletion36% in 1995/96, 20% in 2002/03, 17%
in 2003/04,13% in 2005/06, 23% in 2004/05, 2006/07 and 200{@gutail, 2008a, b)The
development of the stratospheric ozone layer over Andagfléstingthis interannual
variability. In accordance witprevious reports and/erner et al., 20Q&lso in 2008 wénd

a second ozone maximum near 13duming summerbetween the tropopause and the
absolute ozone maximum near 20 km. Thisasised by a combination of air mass transport
and chemical ozone destruction. Thés ledo a layer with a very low ozone dgty above
the troposphere inversion layer from June/July up to the late autéitrihe end of 2008, in
early December 2008, the polar vorteadbuilt up and typical previnter ozone valuewere
observed.

13



Monitoring of the atmospheric ozone layer and natural ultraviolet radiafléx25322000

Altitude [km]

Altitude [km]

Q 100 200 300
Julian day

Figure 4: Ozone profiles measured by the ALOMAR ozone lidar and ozone sondes laun
Sodankyla, Finland, in 1996 and 20@807 (analogue t&igure 4).

14



