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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 1970ôs scientists discovered that compounds containing 

chlorine and bromine (CFCs and halons) 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 ozone hole was discovere4d in teh mid 1980ôs (Farman et al., 

1985).  

 

In 1987 the Montreal Protocol was put into effect in order to reduce the production and use of 

these ozone-depleting substances (ODS). This international agreement has later been revised 

several times. The amount of ODS in the troposphere reached a maximum around 1995. The 

amount of most of the ODS in the troposphere is now declining slowly and one expects to be 

back to pre-1980 levels around year 2050. In the stratosphere the peak is reached somewhat 

later. 

 

It is now important to follow the development of the ozone layer in order to verify that the 

Montreal Protocol and its amendments work as expected. For this, we need daily ground 

based measurements at a large number of sites distributed globally in combination with 

satellite observations. It is the duty of every industrialised nation to follow up with national 

monitoring programmes.  

 

The Norwegian Pollution Control Authority established the programme ñMonitoring of the 

atmospheric ozone layerò in 1990, which at that time included measurements of total ozone 

only. In 1995 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 programme. The purpose of the programme is to: 

 

1. Provide continuous measurements of total 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 and natural 

ultraviolet radiation 

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

occur. 

 

In 2008 the monitoring programme included measurements of total ozone and UV at two 

locations, Oslo (60N) and Andøya (69N) and ozone profiles measurements at one location, 

Andøya. This report summaries the activities and results of the monitoring programme during 

the year 2008. The report includes trend analyses of total ozone for the period 1979-2008 for 

both sites and comments on the expected ozone recovery at northern latitudes. Further the 

total yearly UV dose for 2008 at Oslo and Andøya is included. 

 

Kjeller, June 2009 

 

 

Cathrine Lund Myhre 

Senior scientist and project manager  
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1. Summary 

This annual report describes the activities and main results of the programme ñMonitoring of 

the atmospheric ozone layer and natural ultraviolet radiationò for 2008, which is a part of the 

governmental programme for monitoring pollution in Norway. 

 

Measurements of total ozone 

The Brewer instrument at Oslo has been in operation at the University of 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 period 1979ï2008. During this period the ozone layer has a total yearly 

decrease of 3.2 % and as much as 4.6 % decrease is observed during the spring months since 

1979, but the spring trend is not significant. No significant trends are observed for the winter, 

summer, and autumn months in Oslo. 

 

For Andøya a similar trend analysis is performed for the period 1979ï2008. The total ozone 

values for the period 1979-1994 are based on measurements from the satellite instrument 

TOMS (Total Ozone Mapping Spectrometer), whereas for the period 1994ï2008 total ozone 

values from the Brewer instrument are used. The 

results from the trend analysis show no 

significant trends in total ozone for Andøya. 

 

The stratospheric winter 2007/08 can be 

classified as a cold winter, giving rise to 

conditions were chemical ozone destruction 

might occur. According to the observation this 

was also the case. Significant ozone loss was 

observed during winter and spring 2008 initiated 

by the formation and presence of polar 

stratospheric clouds (see picture). In February the 

monthly mean ozone value was more than 14% 

below the long term mean level over Oslo, and 

also December had very low values in Oslo, 12% 

below the long term mean.  

 

Recent global ozone data indicate that there 

might be signs of ozone recovery from mid 

1990s in most of the world. However this is 

uncertain, particularly at high latitudes and in the 

Arctic region. The uncertainty is caused by the high natural variability in this region, and the 

influence of factors like decreasing temperatures in the stratosphere, which is partly due to the 

increase of greenhouse gases in the troposphere.  

 

We have recently investigated if there is a possible turning point and of the ozone layer above 

Oslo. The first results of this analysis indicate that the minimum is passed, and that the ozone 

layer above Oslo is now in a recovery phase. The minimum was passed in the period from 

1988-1997. Since then there has been a gradual increase, however the last years there seem to 

be a stagnation of this development.  

 
The colourful mother of pearl clouds at the 

picture are polar stratospheric clouds 

observed at Lillestrøm in January 2005. 

(Geir Braathen, NILU) 
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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 increased information of 

the spatial coverage. A comparison of the ground based data with satellite data for selected 

years show good agreement during the summer, while the deviations are larger in the 

winter months. Further the results indicate that the ozone satellite data underestimate 

slightly the ozone layer in our region.  

 

Considerably longer data series and improved understanding of atmospheric processes and 

dynamics are needed to predict the development of the ozone layer with acceptable 

confidence.  

 

Measurements of ozone profiles 

The ozone lidar at Andøya provides measurements of the ozone concentration at altitudes 

from approximately 8 km to 50 km on 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 of chemical ozone loss during spring and for the understanding of the processes that 

leads to changes in the ozone layer. The development of the stratospheric ozone layer in 2008 

shows ozone destruction in springtime, but not as much as in the year 2005.  

 

UV measurements 

The Norwegian UV network was established in 1994/95 and consists of nine 5-channels GUV 

instruments located from 58N to 79 N. From 2006 the instrument at Ny-Ålesund has been 

excluded from the network. As a part of the 2008 monitoring programme NILU has been 

responsible for the daily operation of two of the instruments, located at Oslo (60N) and 

Andøya (69N). After the exclusion of the instrument in Ny-Ålesund, the site closest to Arctic 

is Andøya. 

 

The highest UV dose rate in Oslo, 149.3 mW/m
2
, was observed 9 June and is equivalent to a 

UV index of 6.0. At Andøya the highest UV index, 4.4, was observed on the 3 June.  

 

Personnel and institutions 

Several persons and institutions are involved in the operation and maintenance of the 

monitoring programme and have given valuable contributions to this report. Prof. Arne 

Dahlback at the University of Oslo (UiO) is responsible for ozone and UV measurements in 

Oslo. Kåre Edvardsen (NILU) is responsible for ozone and UV measurements at Andøya. The 

ozone lidar at ALOMAR is owned and operated by NILU (Kåre Edvardsen and Kerstin 

Stebel) and the Andøya Rocket Range. Ola Engelsen is working with forecasting and 

detection of high UV episodes. Dr. Tove Svendby, (NILU) ensures the data submission to 

The World Ozone Data Centre (http://www.msc-smc.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 data analysis amongst others.  
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http://www.esa.int/) and The Norwegian Space Centre (Norsk Romsenter, 
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observations and use these data in the National monitoring of the ozone and UV radiation. 
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2. Ozone measurements in 2008 

Daily measurements of total column ozone, which means the total amount of ozone from the 

earth surface to the top of the atmosphere, are performed in Oslo (60N) and at Andøya 

(69 N). Total ozone is measured by Brewer spectrophotometers at both locations. At Andøya 

also the ozone profile from 8-45 km i measured, providing information about the ozone height 

distribution at clear weather conditions. We have also included analysis of ozone satellite data 

to have a more complete description of the ozone situation in Norway and the Arctic region. 

 

The International Ozone Services, Canada, has calibrated both Brewer instruments against a 

reference instrument on a yearly basis, last time in June 2008. In addition, the instruments are 

regularly calibrated against standard lamps in order to check 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. 

 

In the following sections are the 

results of the ground based ozone 

measurements f Oslo and Andøya 

presented, and in Chapter 4 on page 

25 are satellite data of ozone 

presented. 

 

2.1 Total column ozone in 

Oslo 

Daily ozone values for Oslo in 2008, 

based on measurements with the 

Brewer spectrometer no. 42, are 

shown in Figure 1. The black curve 

shows the daily ozone values 

measured in 2008, whereas the red 

curve shows the long-term monthly 

mean values for the years 1979-1989. 

The total ozone values are based on 

direct-sun (DS) measurements, when 

available. In 2008 DS measurements 

were performed 139 days. For 

overcast days and days where the 

solar zenith angle is larger than 72 

(sun lower than 18 above the 

horizon), the ozone values are based 

on 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, 5
th
 January. This is due to bad 

weather and cloud conditions.  
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Figure 1a): Daily total ozone values measured at the 

University of Oslo in 2008. The red curve shows the 

long-term monthly mean values from 1979-1989. 
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Figure 1b): Monthly mean ozone values for 2008. 

The red curve shows the long-term monthly mean 

values from 1979-1989. 
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Figure 1a) displays the daily total ozone values for Oslo together with the long-term mean 

values. Large day-to-day fluctuations are observed particularly in the spring, and there are 

periods during spring with ozone values significantly below the long-term mean, which is a 

common phenomenon. The lowest ozone value was observed 26 December, and was as low 

as 218 DU. Furthermore there is a period from 26 May to 10 June with values considerable 

below the long-term mean. The most extreme day was 9 June with ozone values 11% below 

the long term mean and a UV Index of 6.3 (see section 6.1). 

 

The monthly mean total ozone values for 2008 are shown in Figure 1b) and compared with 

the long-term monthly mean values for the period 1979-1989. As seen from the Figure the 

2008 ozone values were close to the mean values in all months, except for February, March 

and December.  

 

Section 3.2.1 and 3.4 includes a broader discussion and interpretation of the ozone situation in 

Norway in 2008.  

2.2 Total column ozone at Andøya 

At Andøya the total ozone values are based on direct-sun measurements when available, as in 

Oslo. For overcast days and days where the solar zenith angle is larger than 80 (sun lower 

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. There are 119 days 

without ozone observations at Andøya, and all of them are a direct result of the polar night or 

not suitable weather conditions. Table 1 gives an overview of the different instruments and 

methods that were used at Andøya in 2008.  

 

 

Table 1: Overview of instruments and methods applied in the observation of the total ozone 

above Andøya in 2008. 

Priority Method 
Total days with 
observations 

1 Brewer instrument, direct sun measurements 95 

2 Brewer instrument, global irradiance method 119 

3 GUV instrument, GI method 15 

4 Lidar (measurements in the Polar night) 13 
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Daily ozone values for Andøya in 

2008, based on measurements with 

the Brewer spectrometer, are 

shown in Figure 2a). The black 

curve shows the daily ozone values 

from 2008, whereas the red curve 

shows the long-term monthly mean 

values for the years 1979-1989. 

Total ozone values during the polar 

night (November to February) are 

based on ozone profiles measured 

by the ozone lidar at ALOMAR 

and are indicated 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 in the 

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 in Figure 2b). For January, 

November, and December (polar 

night) there are not sufficient data 

to calculate monthly means. The 

comparison between the long-term 

mean and the monthly mean ozone 

values for 2008 shows that the 

ozone values are below the long 

term mean throughout the whole 

year, except for March and 

October. 

 

After 2006 automatic procedures 

ensured submission of real-time 

ozone data from Andøya to the 

international community through the World Ozone and Ultraviolet Radiation Data Centre 

(http://www.woudc.org/).  
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Figure 2a): Daily total ozone values measured at 

ALOMAR, Andøya, in 2008 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 long-term monthly mean 

values from 1979-1989. 
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Figure 2b): Monthly mean ozone values for 2008 

compared to the long-term monthly mean values for the 

period from 1979-1989 shown as the red curve. 

 

http://www.msc-smc.ec.gc.ca/woudc/
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2.3 Stratospheric ozone-profile measurements made in 2008 by means of 

the ozone lidar, located at ALOMAR (69°N, 16°E) 

To follow the development of the stratospheric ozone layer during winter 2007/08 and in 

2008 lidar measurements have been performed. The ozone lidar is located at the Arctic Lidar 

Observatory for Middle Atmosphere Research (ALOMAR) at Andøya (69°16ôN, 16°00ôE, 

elev. 380 m). The measurements are quality controlled and contribute to the Network of 

Detection of Atmospheric Composition Change (NDACC). The system has been operated on 

a routine basis during clear sky conditions.  Normally two hours of measurements result in an 

ozone profiles in the height range between 8 and 45 km. In 2008 sufficient long measure-

ments have been made at 34 days (39 occasions). 34 quality controlled ozone profiles have 

been retrieved for 33 days. The specific days are summarized in Table 1. Polar stratospheric 

clouds have been detected in January and February 2008 (see 3.4.1 for more details).  

 

 

Table 2: Overview over days with stratospheric ozone profiles measured in 2008, retrieved 

from measurements with the ozone lidar, which 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 of retrieved profiles has increased from 25 to 34, but this is 

still far from optimal. Increasing costs based on changed ownership and drift of the system 

(70% NILU, 30% Andøya Rocket Range) and necessary investments
1
 make it difficult to 

continue the long-time series of stratospheric ozone profile measurements, which has started 

in 1995. Labor intensive daylight measurements due to high requirements on the alignment of 

the system have not been made in 2008, due to insufficient funding.  

 

The development of the stratospheric ozone layer above northern Scandinavia throughout 

2008 is illustrated in Figure 3. For comparison, the stratospheric ozone profiles seen during 

previous years (1996 and 2003 - 2007) are shown in Figure 4. 

 

 

                                                 
1
 New detector based on transient recorder from Licel GmbH, software development 

ftp://ftp.nilu.no/pub/GEOmon/activity4_StratosphericOzone/Andoya/Lidar/ozo/an080304.l18
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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 Sodankylä, Finland, in 2008. The black 

dots at the bottom of the plot mark the times when lidar measurements were performed, while 

the red dots mark days where data from ozone sondes launched from Sodankylä were used. 

Between the individual measurements the data were linearly interpolated and smoothed with 

a one-week median filter.  Note: vertical blue lines are due to data gaps. 

 

Comparing the winter 2008 with previous ones, the ozone situation was not remarkable in 

either a positive or negative manner. The spring time ozone was not as low as in the very cold 

winter 1996, but clearly more depleted than after the warm winter 2004. The averaged ozone 

depletion has been retrieved by Goutail and co-workers, and based on results e.g. from the 

SAOZ network they calculated the Arctic depletion to 30% in 1995/96, 20% in 2002/03, 17% 

in 2003/04, 13% in 2005/06, 23% in 2004/05, 2006/07 and 2007/08 (Goutail, 2008a, b). The 

development of the stratospheric ozone layer over Andøya is reflecting this inter-annual 

variability. In accordance with previous reports and Werner et al., 2008, also in 2008 we find 

a second ozone maximum near 13 km during summer, between the tropopause and the 

absolute ozone maximum near 20 km. This is caused by a combination of air mass transport 

and chemical ozone destruction. This has led to a layer with a very low ozone density above 

the troposphere inversion layer from June/July up to the late autumn.  At the end of 2008, in 

early December 2008, the polar vortex had built up and typical pre-winter ozone values were 

observed.  

 

 

 



Monitoring of the atmospheric ozone layer and natural ultraviolet radiation ï TA-2532/2009 

 

 14 

 
 

 

 
 

 
 

Figure 4: Ozone profiles measured by the ALOMAR ozone lidar and ozone sondes launched in 

Sodankylä, Finland, in 1996 and 2003-2007 (analogue to Figure 4). 

 

 

 

 

 


