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Preface 
 

In 1985, an English scientist (Farman et al., 1985) discovered the Antarctic ozone hole. It 

soon became apparent that man-made halogen-containing substances (CFCs and halons) were 

responsible for the dramatic ozone loss during the austral spring. 

 

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 and 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 2007 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 2007. The report includes trend analyses of total ozone for the period 1979-2007 for 

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

total yearly UV dose for 2007 at Oslo and Andøya is included. 

 

Kjeller, June 2008 

 

 

Cathrine Lund Myhre 

Senior Scientist 
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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 2007, 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 1979ï2007. During this period the ozone layer has a total yearly 

decrease of 3.4 %, and as much as 5.9 % decrease is observed during the spring months since 

1979. 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 1979ï2007. 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 1994ï2007 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 2006/07 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 2007. In April the 

monthly mean ozone value was more than 12% below the long term mean ozone level both 

over Oslo and Andøya.  

 

There are several satellite dataset with ozone data available for the region. A great benefit 

of using these data in the annual analysis of the Norwegian ozone layer is the increased 

knowledge of the spatial coverage. A first 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 these first results indicate that the ozone 

satellite data underestimate slightly the ozone layer in our region.  

 

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.  

 

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. Extension of the monitoring programme to the Arctic atmosphere would also 

contribute significantly to this. The Zeppelin research station at Ny-Ålesund on Svalbard 

would be an excellent site for observations of the ozone development in this particular 

important region.  
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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 2007 

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

measured raw data profiles and the latest analysed ozone data are available at 

http://alomar.rocketrange.no/alomar-lidar.html.  

 

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 2007 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, 141.3 mW/m
2
, was observed 10 June and is equivalent to a 

UV index of 5.7. At Andøya the highest UV index, 4.5, was observed on the 2 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. Dr. 

Tove Svendby, (NILU) ensures the data submission to The World Ozone Data Centre 

(http://www.msc-smc.ec.gc.ca/woudc/). The ozone lidar at ALOMAR is owned and operated 

by NILU (Georg Hansen and Kerstin Stebel) and the Andøya Rocket Range. 

 

Acknowledgment  
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http://www.esa.int/) and The Norwegian Space Centre (Norsk Romsenter, 

http://www.romsenter.no/) we are now in a position where we will explore ozone satellite 

observations in a better way in the National monitoring of the ozone and UV radiation. Both 

institutions are highly acknowledged for their support. 
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2. Ozone measurements in 2007 

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 European 

Arctic region. 

 

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

reference instrument on a yearly basis, last time in June 2007. 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 the results of the ground based ozone measurements at Oslo and 

Andøya are presented, and in section 4.3 on page 22 are satellite data of ozone presented. 

 

 

2.1 Total column ozone in Oslo 

Daily ozone values for Oslo in 2007, based on measurements with the Brewer spectrometer 

no. 42, are shown in Figure 1. The black curve shows the daily ozone values measured in 

2007, 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 measurements, when available. In 

2007 this is the case for 147 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 193 days in 2007. In 2007 

there are missing data for 25 days (4.9%). This is due to technical problems (2 days) or not 

suitable weather and cloud conditions. This is nearly a doubling since 2006 and is caused by 

cloudy weather conditions in 2007. At 9 of the cloudy days ozone values are retrieved from 

the GUV measurements. 

 

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, as was also 

registered in e.g. 2005. Furthermore, there is a period from 24 May to 13 June with values 

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

16% below the long term mean and a UV Index of 5.7 (see section 6.1). 

 

The monthly mean total ozone values for 2007 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 

2007 ozone values were close to the mean values in all months, except for April.  

 

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

in 2007.  
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Figure 1a): Daily total ozone values 

measured at the University of Oslo in 2007. 

The red curve shows the long-term monthly 

mean values from 1979-1989. 

Figure 1b): Monthly mean ozone values for 

2007. The red curve shows the long-term 

monthly mean values from 1979-1989. 

 

 

2.2 Total column ozone 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 103 days 

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

Table 1 gives an overview of the different instruments and methods that were used at Andøya 

in 2007.  

 

 

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

above Andøya. 

Priority Method Total days with observations 

1 Brewer instrument, direct sun measurements 176 

2 Brewer instrument, global irradiance method 96 

3 
Measurement by the GUV instrument, and calculation 
of total ozone 

8 

4 Lidar (measurements in the Polar night) 13 
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Figure 2a): Daily total ozone values 

measured at ALOMAR, Andøya, in 2007 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. 

Figure 2b): Monthly mean ozone values for 

2007 compared to the long-term monthly 

mean values for the period from 1979-1989 

shown as the red curve. 

 

Daily ozone values for Andøya in 2007, based on measurements with the Brewer spectro-

meter, are shown in Figure 2a). The black curve shows the daily ozone values from 2007, 

whereas the red curve shows the long-term monthly mean values for the years 1979-1989. 

The total ozone values shown during the polar night (November to February) are based on the 

ozone profiles measured by the ozone lidar at ALOMAR and 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 2007 shows that the ozone values are 

considerably below the long term mean during winter and spring months. This was not the 

case in Oslo.  

 

During 2006 automatic procedures have been establish to report real-time ozone data from 

Andøya to the international community through the World Ozone and Ultraviolet Radiation 

Data Centre (http://www.woudc.org/). In addition the Andøya ozone series from 2000 to 2007 

has been submitted to the international database. 

2.3 Ozone-profile measurements with the ozone lidar at ALOMAR, 

Andøya in 2007 

By use of data from the ozone lidar we have analyzed the development of stratospheric ozone 

during winter 2006/07 and in 2007, above ALOMAR. The ozone lidar located at the Arctic 

Lidar Observatory for Middle Atmosphere Research (ALOMAR) at Andøya is run on a 

routine basis during clear sky conditions providing ozone profiles in the height range 8 to 

45 km. In 2007 measurements have been made during 26 days (27 occasions, of which 3 were 

during daylight conditions) (see Table 2). These observations have resulted in quality 

http://www.msc-smc.ec.gc.ca/woudc/
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controlled ozone profiles for 25 days (25 measurements). The most recent raw-data profiles as 

well as the latest analysed ozone data are available at http://alomar.rocketrange.no/alomar-

lidar.html.  

 

 

Table 2: List of ozone lidar measurements at ALOMAR in 2007. Analysed and quality 

controlled ozone data sets are available for those days formatted with bold numbers. 

Measurements performed during night are marked in blue, and daytime measurements are 

marked in red. Day numbers which are crossed out, mark days where data of lower quality 

are available. No PSC have been detected in 2007.   

 

Month Ozone profile 

January 2, 4, 18 

February 5, 6, 12, 13, 14, 15, 19, 20, 21, 24, 26 

March 6, 7, 9 

April  19,19, 23 

May - 

June - 

July - 

August - 

September - 

October 29 

November 8, 13, 29 

December 4, 14, 31 

 

 

In 2007 only 25 quality controlled ozone profiles have been retrieved. This number is 

extremely low compared to previous years, in which we were able to analyse up to four times 

more profiles (101 profiles were obtained in 2002). This is a direct result of effective budget 

cuts during the last years. Bad weather (overcast, fog, etc.) caused an additional period with 

missing data in autumn 2007.    

 

The development of the ozone layer above Northern Scandinavia throughout the whole 2007 

is illustrated in Figure 3 (upper panel). For comparison the 1996 profiles following a cold 

winter 1996/96, and the 2004 profiles, following a warm winter 2003/04, are shown in the 

lower panel. The contrast between 2007 with relative little ozone destruction in springtime, 

the year 1996 where significant ozone depletion occurred, is easy to recognize.  

 

During summer and autumn we observe low ozone density above the tropospheric inversion 

layer (~16 km), shown in the upper panel in Figure 3. The explanation to this phenomenon is 

described by Werner and his co-workers (Werner et al., 2008). The authors have analysed the 

inter-annual ozone variation based on data sets from ALOMAR, Sodankylä (67.4°N, 26.6°E) 

and Ny-Ålesund (78.9°N, 11.9°E) from 1994 and up to 2004. They find a minor ozone 

maximum near 13-15 km, just above the tropopause, and the absolute ozone maximum near 

17-20 km. The maxima is built up by air mass transport. However, above layer from 13-15 

km chemical ozone destruction, mainly caused by the NOx catalytic cycle is dominating. This 

depleting cycle begins after the polar night and intensifies with the increasing day length. 

Combined with stratospheric warming during the summer season, the vertical air mass 

transport is reduced. Thus, the descent of ozone from higher to lower altitudes weakens 

compared to the winter period. The temperature inversion is stronger during the summer 

period and inhibits the vertical mixing of the air. The horizontal advection in the upper 
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troposphere and lower stratosphere is also enforced during the summer. The combination of 

these mechanisms produces a layer with a very low ozone density above the troposphere 

inversion layer from June/July up to the late autumn (Werner et al., 2008).  

 

At the end of the year, the vortex build up againï but not before late December 2007. Then 

we can see typical pre-winter ozone values. 

 

 

 

Figure 3: Ozone profiles measured by the ALOMAR ozone lidar and ozone sondes launched 

in Sodankylä, Finland, in 2007 (upper panel), 1996 (lower left panel), and in 2004 (lower 

right panel). 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.   
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3. Ozone measurements and trends for 1979ï2007 

3.1 Background  

In 2007 World Metrological Organisation (WMO) and UNEP published the Scientific 

Assessment of Ozone Depletion: 2006 (WMO, 2007). This report summarizes the state of the 

art with respect to ozone, ozone recovery and UV changes. The most relevant conclusions are 

briefly summarised below.   

Recovery of the ozone layer is a 

process beginning with a 

lessening in the rate of decline, 

followed by a levelling off and an 

eventual increase in ozone driven 

by the changes in the 

concentrations of ozone-depleting 

substances. Figure 4 is taken from 

the report and shows a schematic 

diagram of the temporal evolution 

of global ozone amounts 

beginning with pre-1980 values. 

This represents a time before 

significant ozone depletion 

occurred due to emission of 

anthropogenic ozone depleting 

substances (ODS) emissions, and 

stopping at the end of the 21st century. Observed and expected ozone amounts is illustrated 

by the solid red line and show depletion from pre-1980 values and the three stages of recovery 

from this depletion. The red-shaded region represents the range of observations and model 

results for both near-term and long-term ozone changes. The blue-shaded region represents 

the time period when declining global ODS concentrations are expected to reach 1980 values. 

The full recovery of ozone from ODSs may be delayed by natural factors (e.g., a volcanic 

eruption) that could change the sensitivity of ozone to ODSs. 

 

According to the report the total ozone abundances have not decreased the last years for most 

of the world, and there might be signs of recovery from the mid 1990s. However, it is still 

uncertain whether this improvement is actually attributable to the observed decline in ozone-

depleting substances. Both data and models show increases in ozone, but the observed 

increase at high northern latitude is considerable larger than the model predictions. This 

region also exhibits the highest level of natural variability, which again makes the predictions 

most uncertain. In the Antarctic the ozone layer continues to reach very low levels in the 

spring. In the Arctic and high northern latitudes the situation is more irregular as severe ozone 

depletion occurs during springtime in years with low stratospheric temperatures, exemplified 

with the different situations in 2005 and 2006. The yearly and seasonal trends are strongly 

linked to the spring ozone levels.  

 

The most dramatic ozone depletion has been observed in the Polar Regions, but the detection 

of recovery near the poles is difficult. Increase in total column ozone in the Arctic and high 

northern latitudes will partially depend on the possible dynamical and temperature changes in 

the coming decades, both in the stratosphere as well as the troposphere. Further, the ozone 

trend analyses for the high northern latitudes are still affected by the unusually low ozone 

 
Figure 4: A schematic diagram of the temporal 

evolution of global ozone amounts beginning with pre-

1980 values (Bodeker and Waugh, 2007).  
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levels in the mid 1990s following the Mt. Pinatubo eruption. Thus, any upward trend from 

this point might be misleading, as the ozone levels were particularly low during the 1990s 

(illustrated in Figure 7 and Figure 8). The solar cycle and its peak in 2000-2002 also 

contribute to the uncertainty of ozone recovery in our region. These two factors are often 

omitted from the models and can explain the underestimation of the modelled ozone levels 

compared to the measurements in this region. 

 

The ozone levels in the Arctic and high northern latitudes will be strongly influenced by 

changes in stratospheric temperatures during the next years, and possibly result in delayed 

recovery or record low ozone observations. Considerably longer data series and improved 

understanding of atmospheric processes and their effect on ozone are needed to estimate 

future ozone levels with confidence. Further, anthropogenic changes of the atmosphere (like 

change in temperature profile, emission of greenhouse gases like N2O, and increase of 

stratospheric water vapour as a result of increase of atmospheric CH4) might affect the ozone 

recovery. Whether ozone stabilizes at a higher or lower level than the pre-1980 level is 

uncertain. However, the vertical distribution of ozone in the future is almost certain to be 

different from the pre-depleting period.  

 

According to WMO studies of long-tem trends of ozone, as presented in the next sections 3.2 

and 3.3, are essential in the assessment of the ozone recovery. 

 

3.2 Trends for Oslo 1979 ï 2007 

Total ozone measurements using the Dobson spectrophotometer (No. 56) was performed on a 

regular basis in Oslo from 1978 to 1998. The data from this instrument has been re-evaluated 

and published (Svendby and Dahlback, 2002). The complete set of revised Dobson total 

ozone values from Oslo is available at The World Ozone Data Centre (http://www.msc-

smc.ec.gc.ca/woudc/). 

 

The Brewer instrument has been in operation at the University of Oslo since the summer 

1990. The International Ozone Services, Canada, calibrated the Brewer instrument in Oslo in 

June 2007.  In addition, the Brewer instrument is regularly calibrated against standard lamps 

in order to check the stability of the instrument. The calibrations show that the Brewer 

instrument has been stable during the 17 years of observations. The total ozone measurements 

from the Brewer instrument agree well with the Dobson measurements. However, there is a 

seasonal variation in the difference between the Brewer and Dobson instrument that has not 

been accounted for in the trend analysis presented here.  

 

Figure 5a) shows the variations in the monthly mean ozone values in Oslo from 1979 to 2007. 

The total ozone values from 1979 to 1998 are from the Dobson instrument, whereas for the 

period 1999-2007 the Brewer measurements have been used. The large seasonal variations are 

typical for stations at high latitudes. This is a dynamic phenomenon and is explained by the 

springtime transport of ozone from the source regions in the stratosphere above the equator. 

 

http://www.msc-smc.ec.gc.ca/woudc/
http://www.msc-smc.ec.gc.ca/woudc/


Monitoring of the atmospheric ozone layer and natural ultraviolet radiation ï TA-2433/2008 

 
 

 
 

 15 

1978 1983 1988 1993 1998 2003 2008
200

250

300

350

400

450

500

 

 
T

o
ta

l 
o
z
o
n
e
 /
D

U

Year

 

1978 1983 1988 1993 1998 2003 2008
200

250

300

350

400

450

 Monthly means after seasonal variation are removed

 Linear trend -0.12 % per year +/- 0.04

 

 

T
o
ta

l 
o
z
o
n
e
 /
D

U

Year

 

Figure 5a: Time series of monthly mean total 

ozone in Oslo 1979-2007. 

Figure 5b: Variation in total ozone over 

Oslo for the period 1979ï2007 after the 

seasonal variations have been removed. 

 

 

In order to look at possible ozone reduction for the period 1979 to 2007 we have removed the 

seasonal variations by subtracting the long-term monthly means and adding the long-term 

yearly mean value, presented in Figure 5b). A simple linear regression has been fitted to the 

data to obtain a long-term trend of the ozone layer. The results of the trend analysis are 

summarized in Table 3. For spring months a significant negative trend of ï0.21% per year is 

observed. The comparable value for 1979-2006 was ï0.22%. Thus, the last winter has 

changed the annual downward trend slightly. For the winter, summer and fall months no 

significant trends are observed. When all months are considered a significant negative trend 

of ï0.12% per year is observed above Oslo. 

 

 

Table 3: Percentage changes in total ozone per year for Oslo for the period 1.1.1979 to 

31.12.2007. The numbers in parenthesis gives the uncertainty (1 ). Data from the Dobson 

and Brewer-instruments have been used in this study. A trend larger than 2 is considered to 

be significant. 

Time period Trend in % per year 

Winter:  December ï February -0.13 (0.11) 

Spring: March ï May -0.21 (0.10) 

Summer: June - August -0.02 (0.05) 

Fall: September - November -0.07 (0.05) 

Annual -0.12 (0.04) 

 

 

3.3 Trends for Andøya 1979 ï 2007 

The Brewer instrument has been in operation at Andøya since 2000. In the period 1994 to 

1999 the instrument was located at Tromsø, approximately 130 km North of Andøya. Studies 

have shown that the ozone climatology is very similar at the two locations (Høiskar et al., 

2001), and the two datasets are considered equally representative for the ozone values at 
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Andøya. For the time period 1979ï1994 total ozone values from the satellite instrument 

TOMS (Total ozone Mapping Spectrometer) have been used.  

 

Figure 6a) shows the variations in the monthly mean ozone values at Andøya from 1979 to 

2007. The variations in total ozone at Andøya for the period 1979ï2007, after removing the 

seasonal variations, are shown in Figure 6b). 
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Figure 6 a): Time series of monthly mean 

total ozone at Andøya/Tromsø 1979ï2007. 

Figure 6 b): Variation in total ozone at 

Andøya for the period 1979ï2007 after the 

seasonal variations are removed. Only data 

for the months MarchïSeptember are 

included. 

 

A simple linear regression has been fitted to the data in Figure 6b) to obtain the trend in the 

data set. The result of the trend analysis is summarized in Table 4. No significant trends were 

observed for Andøya for this time period, and this is the first year that the trends are zero for 

all seasons. 

 

 

Table 4: Percentage changes in total ozone per year for Andøya for the period 1979 to 2007. 

The numbers in parenthesis gives the uncertainty (1). Data from the Dobson and Brewer 

instruments have been used in this study. A trend larger than 2 is considered to be 

significant. 

Time period Trend (% per year) 

Spring: March ï May -0.05% (0.10) 

Summer:  June ï August -0.02% (0.10) 

Annual:  March ï September -0.02% (0.05) 
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3.4 The ozone situation in Norway 2007 

Table 5 gives the percentage difference between the monthly mean total ozone values for 

2007 and the long-term monthly values. Both Oslo and Andøya are listed in the table.  

 

 

Table 5: Percentage difference between the monthly mean total ozone values for 2007 and the 

long-term mean for Oslo and Andøya. 

Month Oslo Andøya 

January 2.8 - 

February -1.01 -7.4 

March -0.2 -6.1 

April -12.7 -12.8 

May <+/- 0.5 1.4 

June -2.8 -3.5 

July 1.5 -3.0 

August -1.7 <+/- 0.5 

September 3.7 3.9 

October -7.2 -8.6 

November 0.2 - 

December -4.8 - 

 

 

In 2007 the ozone values in Oslo were close to the long-term mean values for most of the 

months, with exceptions of April and October. These months the monthly mean ozone value 

was considerably below the long-term mean, -12.7 and 7.2% respectively. Additionally there 

were a period during spring and summer with ozone values were more than 15% below the 

long-term mean. This is evident from Figure 1 and in Figure 13 which includes GOME-II data 

as well. These episodes occurred in the end of May and beginning of June. 

 

The percentage difference between yearly mean total ozone and the long-term yearly mean is 

shown in Figure 7. The low values in 1983, 1992 and 1993 are related to the eruption of the 

El Chichón volcano in Mexico in 1982 and the Mount Pinatubo volcano at the Philippines in 

1991.  

 

Figure 7 shows that the low ozone values in the 1990ôs contribute strongly to the observed 

negative trends in total ozone. Note also that the yearly mean ozone value for 2005 was as 

much as 7% lower than the long-term yearly mean. For 2007 the annual mean was 2% below 

the long-term mean. 
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Figure 7: Percentage difference between yearly mean total 

ozone in Oslo and the long term yearly mean for 1979-1989. 

 

The ozone situation at Andøya was similar to Oslo in 2007. Also here April and October were 

the months with the lowest ozone values (-12% and -8.6% below ñnormalò). Additionally 

there were only two months with ozone levels above the long term mean. The episode with 

low ozone values during the summer was also evident at Andøya. 

 

The percentage difference between yearly mean total ozone and the long-term yearly mean at 

Andøya is shown in Figure 8. For 2007 the yearly mean ozone value was -1.2% lower than 

the long-term yearly mean value for the period 1979ï1989 in contradiction to the last year 

were the annual value was 3.6% above the long term mean.  
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Figure 8: Percentage difference between yearly mean total 

ozone at Andøya and the long-term yearly mean for 1979ï1989 

for the months MarchïSeptember at Andøya. 
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The low ozone values commonly observed in the spring the last decades are a direct result of 

the stratospheric conditions, and the chlorine and bromine compounds emitted by 

anthropogenic sources. The polar stratospheric vortex
1 
leads to chemical ozone destruction 

when air masses, quasi-isolated in the polar vortex, are illuminated by sunlight. Sunlight 

initiates the formation of active chlorine and bromine compounds (e.g. HCl and HBr) by 

heterogeneous chemistry on polar stratospheric clouds (PSC). The active chlorine and 

bromine reacts with ozone and results in severe ozone depletion. The PSCs are a basis for the 

chemical ozone destructions observed in the Antarctica and the Arctic. There are two main 

types of PSCs, called PSC I and PSC II. The approximate threshold formation temperature for 

type I is 195 K (-78 
o
C) and for type II, 188 K (-85 

o
C) and the first observation of PSC type 

II in the Arctic was in 2005. 

 

A colder upper stratosphere is a suggested feedback to the increased level of greenhouse gases 

in the troposphere. Thus, it is important to detect signs of climate changes from the increased 

occurrence of PSCs and particularly the abundance of PSC type II. However, the observations 

of the latest years clearly manifest the great variability of the ozone layer typical for the 

Northern region (WMO, 2007; Weatherhead and Andersen, 2006).  

 

To analyze the variability and better explain the observed ozone values, we have assessed the 

stratospheric temperature development in 2007 and compared it to previous years. 

 

3.4.1 Stratospheric temperatures (from ECMWF data) and ozone development during 

winter 2006/07 and in 2007 

Since 1995 vertical profiling of stratospheric temperature, PSCs and stratospheric ozone has 

been performed by means of the ozone lidar at ALOMAR. Very different stratospheric 

winters have occurred in recent years: warm winters with very low PSC formation potential 

and without noticeable ozone depletion (1998/99, 2001/02, and 2003/04). The winters 

1995/96, 1999/00, and 2004/05 were cold winters with high PSC formation potential and with 

significant ozone depletion, and a winter with a very cold early phase and a warm later phase 

(2005/06).   

 

The winter 2006/07 can be classified as a cold winter. Low temperatures were persistent for a 

long time period, but higher than winter 2004/05, especially in early January. A comparison 

of the temperature development above ALOMAR between 1995/96 and 2006/07 at around 20 

km altitude is shown in Figure 9. The temperatures during winter 2006/07 are shown as a 

green line, and for comparison a typical warm winter (2003/04) and a cold winter (1995/96) 

are drawn with red and blue colours, respectively.    

 

 

 

 

 

 

 

 
 

 

                                                 
1
 During the winter there is no sunlight in the Arctic and so the lower stratosphere becomes very cold. Thermal 

gradients around the Arctic cold pool give rise to an enormous cyclone that is referred to as the polar 

stratospheric vortex. It is in the core of the polar vortices that winter- and springtime ozone depletion occur. 
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Figure 9: Stratospheric temperatures at ca. 20 km altitude above 

ALOMAR during the winters 1995/96 and 2006/07 (data from ECMWF). 

The temperature development during the winter 2006/07(green), the cold 

winter 1995/96 (blue) and a warm winter (red) are highlighted.  

 

During winter 2006/07 the polar vortex formed already on 10
th
 December and centred around 

the pole until the end of January. After that it was displaced toward sunlit areas allowing 

catalytic ozone destruction to occur. Temperatures below 194 K were measured from 

December 2006 to the end of February 2007. Minor warmings occurred in early January and 

in February; a final warming was seen on 10 March 2007. The vortex was split and weakened, 

but a bulb of the vortex still persisted in the Arctic in March 31 (Goutail et al., 2007). 

Significant ozone loss was observed in spring 2007. According to the SAOZ network 

measurements, the loss occurred during 2 periods: between 1 Jan. and 20 Jan. and 10 Feb. and 

10 Mar. at a rate of 0.5% per day leading to a cumulative loss of 26%. After that date the loss 

stopped. A cumulative ozone loss of 26% is smaller than the 30% observed in 1994/95 and 

1995/96 values but larger than the 5-10% observed in winter 1998/99, 2000/01, 2001/02, and 

2005/06 (Goutail et al., 2007).  

 

Although PSC could have been expected form the ECMWF temperature development above 

ALOMAR during winter 2006/07, as shown in Figure 9 (see chapter 2.3) none have been 

measured by the ozone lidar, which has its main reason in the low observational coverage.  

 

30. Jan  1. Mar  31. Mar  
1. Dec  
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4. Satellite observations of ozone above Norway and the 

Norwegian Arctic region 

4.1 Short introduction to ozone observations from space 

The amount and distribution of 

ozone in the stratosphere varies 

greatly over the globe mainly 

controlled by two factors: the fact 

that the maximum production of 

ozone take place at 40 km height 

in the tropical region, and 

secondly the large scale 

stratospheric transport patterns 

towards the mid- and high 

latitudes. In addition there are 

small scale transport and 

circulation patterns in the 

stratosphere determining the daily 

ozone levels. Thus, observing 

ozone fluctuations over just one 

spot is not sufficient to give a 

precise description of the ozone 

situation in a larger region. 

Satellite observations are filling these gaps. However, satellite observations rely on proper 

ground based monitoring as satellites have varying and unpredictable life times, and need 

calibration and validation relying on high quality ground based observations. Thus satellite 

observations are complementary to ground based observations, and both are highly necessary. 

 

Observations of seasonal, latitudinal, and longitudinal ozone distribution from space have 

been performed over more than 40 years using a variety of satellite instruments. The 

American institutions NASA and NOAA (National Oceanic and Atmospheric Administration) 

started these observations and later The European Space Agency also initiated their ozone 

programmes. Figure 10 gives a brief overview of the various ozone satellite missions 

measuring total column ozone since the beginning of 1970ôs. 

 

It is of high interest to explore the available ozone measurements from satellite in the 

Scandinavian and Arctic region, and compare the results with our ground-based observations. 

A great benefit of using the satellite data in the annual analysis of the Norwegian ozone layer 

is the increased knowledge of the spatial coverage. This will improve the national monitoring 

of the ozone layer and the UV radiation as it allows for a better investigation of point 

observations, e.g. in Oslo and at Andøya. Satellites also make it possible to investigate the 

geographical extent of low ozone episodes during spring and summer and thereby discover 

enhanced UV intensity on a regional level. Based on a project jointly financed by The 

European Space Agency (ESA) (http://www.esa.int/) and The Norwegian Space Centre 

(NRS) (Norsk Romsenter, http://www.romsenter.no/) we are now in a position where we can 

explore and utilize ozone satellite observations in a better way in the National monitoring of 

the ozone and UV radiation in the future. The project started in October 2007 and the first 

results from this work are included in this report. 

 

 
 

Figure 10: An overview of the various satellites and 

their instruments measuring ozone from space since the 

beginning of 1970ôs (Figure from NASA). 

Year 

http://www.esa.int/
http://www.romsenter.no/
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4.2 Satellite ozone observations above the Norwegian sites from 1978ï2007 
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Figure 11: Ozone observations from satellite overpasses above Oslo (left panel) and Andøya 

(right panel). The coloured arrows indicate the various satellites and instruments.  

 

Figure 11 shows selected ozone observations from satellite overpasses above the two 

Norwegian ozone sites in the period from 1978-2007. Observations above Oslo are shown 

in the left panel, and observations above Andøya are shown in the right panel. The colors 

and the arrows indicate the various data sources. Data from the satellites Nimbus, Meteor, 

Earth Probe, ERS-2, Envisat and AURA is included, and the observations are based on 

measurements performed by the instruments TOMS, GOME, OMI and SCIAMACHY. 

More data will be downloaded for Oslo in the near future. 

4.3 Satellite and ground based ozone observations for Oslo and Andøya in 

2007  

 

 
  

Figure 12: Comparison of ground based total ozone observations with satellite ozone 

observations. The left panel shows observations from Oslo compared to ozone data from the 

instrument OMI. The right panel show observations from Andøya compared to ozone data from 

OMI and SCHIAMACHY. The lower panel shows the percent difference. 
 

 

  

 

We have compared the ground based ozone measurements from Oslo and Andøya, as 

described in section 2, with available satellite data for these sites for the year 2007.  

 


