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Abstract 

The increasing levels of the greenhouse gas carbon dioxide (CO2) in the Earths atmosphere, 
caused by human release of CO2, has made it desirable to understand the factors determining the 
CO2-variation because of CO2’s warming effect on the Earths temperature which will change the 
premises of all life on earth.  

The purpose of this investigation is to understand the effects of the largest factors of influence on 
the CO2-concentration - like sea, vegetation and anthropogenic outlets - in the Baltic Sea region, 
and possible surprises from the results. To be able to do this only from CO2-measurements some 
assumptions have to be done as starting point. Such are that, besides from the yearly trend of the 
CO2-concntration and the variation of oceanic influence, monthly variation only is caused by 
vegetation and that the yearly offset in CO2-levels only is affected by anthropogenic outlets. These 
factors are together called the local season and will be used for evaluation of the CO2-values for 
each site. This analysis is done for eight sites surrounding the Baltic Sea region and is compared 
with results from the site of Östergarnsholm, an island in the Baltic Sea east of Gotland. 

The results show that stations with high vegetational influence has high amplitudes for the local 
season compared to sites more influenced by sea. This also makes the amplitude to be connected 
with latitude since sites with longer growing season is surrounded by higher density of 
vegetation. The minimum for the local season is also dependent on the growing season, since it 
occurs when the vegetational consumption is largest. Peaks in the local season can be seen in 
connection with the maximum decay of the natural vegetation in the early winter months, and 
with the planting and harvest season for agricultural land. Considering the effect from 
anthropogenic influence a clear connection in the offset of the local season can be seen, with 
higher offsets for sites of higher anthropogenic influence and vice versa. Anthropogenic influence 
also seems to give raised values in summer for the local season, indicating that the variation of the 
local season cannot be simply connected to only vegetational influence. For variability, higher 
values in the summer months are seen for the anthropogenic sites, while in winter the variability 
is more similar for all sites. This might be connected with a higher degree of local influence 
during summers, which for anthropogenic stations leads to high variability due to inhomogenous 
surroundings. 

For Östergarnsholm we get higher amplitude for the local season than expected, this is partly due 
to unrepresentatively high amplitudes for the seasons used, but also probably to some degree of 
underestimation of the vegetational influence. Due to correction of the offset it was not possible to 
draw any conclusions from this factor, but rather give suggestions of what the correction should 
be. When analysing the local season for different source areas by WD-classification we see the 
surprising property that the sector that should be most influenced by land, due to higher values 
in summer, has a lower amplitude than the sector most influenced by sea. Since it was suggested 
that anthropogenic influence gives raised values in summer this was suggested as an explanation. 
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Sammanfattning 

Den ökande nivån av växthusgasen koldioxid (CO2) i Jordens atmosfär – orsakad av mänskliga 
CO2-utsläpp - har ökat vikten av att förstå faktorerna som bestämmer CO2-variationen eftersom 
CO2’s värmande effekt på Jorden kommer att ändra förutsättningarna för allt liv på Jorden. 

Syftet med den här undersökningen är att förstå effekten av de faktorer som påverkar CO2-
koncentrationen mest – såsom hav, vegetation och antropogena utsläpp – i Östersjöregionen, och 
eventuella överraskningar i resultatet. För att kunna göra detta enbart från CO2-mätningar, måste 
vissa antaganden göras som utgångspunkt. Exempel på sådana är att, utöver den årliga trenden i 
CO2-koncentrationen och variationen från havspåverkan, ska den månatliga varitationen bero 
endast på vegetationen och den årliga offseten hos CO2-nivån endast på antropogena källor. 
Dessa faktorer kallas tillsammans för den lokala säsongen och kommer användas för utvärdering 
av CO2-värdena från varje mätplats. Den här analysen kommer att göras för åtta mätstationer 
runtom Östersjön och för Östergarnsholm, en ö i Östersjön öster om Gotland. 

Resultaten visar att stationer med hög påverkan från vegetation har hög amplitud på den lokala 
säsongen jämfört med stationer som är mer påverkade av hav. Detta gör också att amplituden är 
kopplad till latituden eftersom platser med längre växtsäsong omges av tätare växtlighet. 
Minimum för den lokala säsongen beror också på växtsäsongen eftersom det inträffar när 
växtkonsumtionen är som störst. Toppar för den lokala säsongen kan ses i samband med 
förmultningen av växtlighet som är störst under början av vinterhalvåret, och med plantering och 
skördetid i odlingslandskap. När det gäller effekten från antropogen påverkan kan man se ett 
tydligt samband med den lokala säsongens offset med högre offset för platser med högre 
antropogen påverkan och vice versa. Antropogen påverkan verkar också ge högre värden under 
sommaren för den lokala säsongen vilket tyder på att den lokala säsongens variation inte kan 
kopplas enbart till påverkan från växtlighet. För variabiliteten får vi högre värden under 
sommarmånaderna för antropogena platser, medan vi under vintermånaderna har liknande 
variabilitet för alla stationer. Detta kan bero på en högre grad av lokal påverkan under 
sommaren, vilket för antropogena platser leder till hög variabilitet p.g.a. inhomogen omgivning. 

För Östergarnsholm får vi högre amplitud hos den lokala säsongen än väntat, detta beror delvis 
på orepresentativt höga amplituder hos de använda säsongerna, men troligtvis också på en viss 
grad av underskattning av växtpåverkan. P.g.a. att offseten har korrigerats var det inte möjligt att 
dra några slutsatser från den faktorn, utan istället fick man ge ett förslag om vad korrektionen 
borde vara. När man analyserar den lokala säsongen för olika källområden genom WD-
klassificering, ser vi den överraskande egenskapen att den sektor som borde vara mest påverkad 
av land, p.g.a. högre sommarvärden, har en lägre amplitud än sektorn som är mest påverkad av 
hav. Eftersom det föreslogs att antropogen påverkan ger högre sommarvärden så föreslogs detta 
som förklaring. 
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1. Introduction 
With the increasing levels of greenhouse gases, mainly carbon dioxide (CO2) in the earths 
atmosphere, the earth is expecting a global warming that will change the premises of all life on 
earth, including mankind. This has made scientists and the public more and more aware of their 
responsibility of these increasing levels, and thereby more and more research is being done in the 
area of understanding the factors determining the CO2-variation on earth. 

The levels of CO2 have been increasing since the beginning of the industrialisation in the 19th 
century. This is primarily due to combustion of fossil fuels and land use change like deforestation. 
The carbon cycle - where CO2 in the atmosphere plays an important role - is far from understood 
since it is a system of many connected terms, so much research has to be done to get a satisfying 
knowledge about it. The oceans generally act as a sink in these times of increasing levels of 
atmospheric CO2 and so does the vegetation. The oceans lower the atmospheric levels by 
dissolving the CO2 in the relatively unsatured water and the vegetation does it by regrowth. Both 
the oceans and the vegetation have a seasonal component to their absorption. The seasonal 
variability of the oceans is primarily dependent on the changes in sea surface temperature, where 
cooler water in winter has larger dissolvement capacity of CO2 than the warmer water in summer. 
The seasonal CO2-budget for vegetation instead depends on the plants consumption of CO2 in 
summer while growing and their release of CO2 while dormant or decaying. These are some 
examples of the basic knowledge we have about the carbon cycle of earth. But the impact of these 
properties on local and regional CO2-variation is far less investigated and should be so before 
venturing into further investigations about more complex properties of the carbon cycle. 

Nine sites measuring CO2 are used in this investigation. One of them is the site of 
Östergarnsholm, a station run by a meteorological group at Uppsala University. It is placed on 
the south tip of the little island of Östergarnsholm just east of Gotland, which measures CO2-
concentration 9m above sea level. Data from this site is taken from consecutive measurements for 
the period 1997-1999 and sporadic measurements for the period 2001-2006. The other eight 
stations measuring CO2 are Baltic Sea, M, Neuglobsow, Pallas-Sammaltunturi, Puszcza Borecka, 
Waldhof, Westerland and Zingst. The data from these are taken from the internet site of ‘World 
Data Center for Greenhouse Gases’ (WDCGG), where data is distributed to the public from 315 
stations around the world, where different greenhouse are being measured, e.g. CO2 as used in 
this investigation. Data from these stations are taken from 1993 and forward depending on when 
each station has done any measurements. 

In previous investigations of properties for CO2 at the site of Östergarnsholm questions have 
arisen considering the general behaviour of the CO2-variation. Therefore the purpose of the 
present study is trying to get more knowledge about the CO2-variation at this site. This will be 
done by looking at some other sites in the Baltic Sea region and determining from their local 
properties the basic factors influencing the CO2-variation at the site. The method to easier discern 
the basic local factors, of vegetation and anthropogenic outlets, is to remove the global trend and 
a reference season to get what is called the local season that is supposed to show the influence 
from the local CO2-fluxes surrounding the stations. The results and assumptions from these 
stations will then be compared with the station of Östergarnsholm to see if some characteristics 
can be recognised, and to thereby see if the variation at the site can be further understood. To do 
further investigation on the Östergarnsholms data measurements have been classified by the 
wind direction at the time of the measurement which makes it possible to discuss the origin of 
different characteristics. 
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2. Sites and Measurements 

The first part of this paper is based on CO2-measurements from eight sites located around the 
Baltic Sea region. They are chosen due to their proximity to the Baltic Sea, the multitude of local 
conditions between the stations, their reliability and measuring frequency. The WDCGG sites are 
marked by red dots in Fig. 2.1. 

The second part of the paper - where we compare the site to the results from the WDCGG sites - 
uses data from the measuring site of Östergarnsholm, denoted by a green dot in Fig. 2.1. 

 
Fig. 2.1. Measuring sites used in the investigation. The 
Östergarnsholm (green) site is used in the second part of 
the investigation and the WDCGG sites (red) are used in 
the first. 

2.1 WDCGG sites 

2.1.1  World Data Center for Greenhouse Gases 
All data used for the surrounding sites has been taken from WDCGG (WDCGG, 2007). This is a 
project started by the Japan Meteorological Agency (JMA) in October 1990 with the purpose to 
collect data on the concentrations of greenhouse- and related gases (CO2, CH4, CFCs, N2O, O3, 
CO, NOX, SO2, VOC, etc.). The data are used for periodical reports on the collected data and for 
distribution to all kinds of research around the world. Contributors to WDCGG are the GAW 
(Global Atmosphere Watch) observing network, research organizations, and other cooperative 
programs. Some of the WDCGG-data are free for everyone to get on the internet. In this study it 
is only the CO2-series from those that are being used, but obviously other variables are also at 
hand for other investigations. 
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2.1.2 Site locations and local conditions 
The WDCGG-stations used here all have their own local CO2-wise conditions, based on their 
biotopical and demographical surroundings, which gives the major fluxes that determines the 
CO2-variation at the site. Due to the importance of these characteristics a short generalising 
discussion concerning the stations is presented in Table 1. The importance of the characteristics 
are shown by their mutual succession in the description. 

Table 1. Description of the local conditions for the WDCGG-sites. 

Measuring site Description 

Baltic Sea (BS) Partly affected by sea, vegetation and anthropogenic outlets. The station 
closest to the Östergarnsholm site and therefore should be suitable as a bridge 
when comparing  the WDCGG-data and the Östergarnsholms data. The Baltic 
Sea station will in the bulk text be denoted as ‘BS’ from now on to avoid 
confusion with the Baltic Sea itself. 

M A site where the air is almost exclusively affected by sea fluxes on a shorter 
time-scale which makes the influence on the air very homogenous. This one is 
perfect as sea reference for the region. 

Neuglobsow Affected by anthropogenic outlets, vegetation and sea. Probably the station 
that is most affected by anthropogenic outlets. Also affected by agricultural 
activity. 

Pallas-
Sammaltunturi 

Affected by vegetation and sea. Interesting as an example of a land station 
supposedly with only small local anthropogenic influence and a quite different 
period, density, etc., for the vegetation  due to its northern position. 

Puszcza 
Borecka 

Affected by vegetation, anthropogenic outlets and sea. The one station most 
affected by vegetation and also affected by agricultural land. 

Waldhof Affected by anthropogenic outlets, vegetation and sea. Good example of a 
station in a demographically dense and agricultural area. 

Westerland Affected by sea, anthropogenic outlets and vegetation. 

Zingst This one, BS and Westerland (and further on Östergarnsholm) are good 
examples of stations measuring air with clearly mixed flux components of 
influence. 

 

2.1.3  Other general properties of the stations 
More detailed properties of the sites are summarised in Table 2. 

The data frequency category of weekly data, w, are not actually weekly mean values, as for the 
monthly frequency, m, but momentanous measurements done approximately once a week. 
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Table 2. Description of the MDCGG-sites used. Altitude is given in meters above sea level, not above ground. For 
the data frequencies, m=monthly values, w=weekly values, d=daily values and h=hourly values. The frequencies 
used for each station are marked with a line. The category ‘ship’ says that the measurements are done by boat on sea, 
‘fixed’ on the other hand means that the station stands on solid ground. The measurement types, ‘flask’ and ‘in situ’, 
are described further in the following section 2.1.4. 

 Station Country   Latitude Longitude Altitude Data frequency  Category  Measurements 

Baltic Sea Poland 55° 21' N 17° 13' E 28m m, w Ship Flask 

M Norway 66° 00' N 2° 00' E 5m m, w Ship Flask 

Neuglobsow Germany 53° 10' N 13° 02' E 65m m, d, h Fixed In situ 

Pallas-
Sammaltunturi Finland 67° 58' N 24° 07' E 565m m, d, h Fixed In situ 

Puszcza Borecka Poland 54° 09' N 22° 04' E 157m m, d, h Fixed In situ 

Waldhof Germany 52° 48' N 10° 46' E 74m m, d, h Fixed In situ 

Westerland Germany 54° 56' N 8° 19' E 12m m, d, h Fixed In situ 

Zingst Germany 54° 26' N 12° 44' E 1m m, d, h Fixed In situ 

2.1.4 Measurements 
As seen in Table 2, there are two kinds of measurements being done to determine the CO2-
concentration, called ‘flask’ and ‘in situ’. Within these two techniques, there are bigger or 
smaller differences but in this paper the general procedure is described. 

Flask  

The air samples are collected by two general methods: flushing and then pressurising glass 
flasks with a pump, or opening a stopcock on an evacuated glass flask. During each sampling 
event, a pair of flasks are filled, the air is then analysed by a Nondispersive Infrared (NDIR) 
sensor. This measurement method is connected with the weekly data frequency as for the 
stations BS and M. 

In situ  

The air passes through a fixed air inlet and is for most stations analysed by some kind of NDIR 
sensor. The Zingst site uses another technique called GC-FID analysing. This analyse is done by 
burning the air with a hydrogen flame, which separates the molecules into ions and measures 
the number of carbon ions in the air. 

2.1.5 Data periods 
The measurements used from the WDCGG-staitons are taken from the beginning of 1993 and 
forward. There are two main  reasons for this. The first is that from 1993 and forward the yearly 
CO2 mean trend shows a near linear increase as seen in Fig. 2.2, and the second reason is the fact 
that at this time, many of the stations has started taking CO2-measurements. Approximate data 
periods for the stations from 1993 and forward are given in Table 3.  
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Fig. 2.2. Monthly CO2-variation for the station ‘M’, taken from WDCGG. High 
values in winter and low values in summer are easily seen. The shift in increase 
can be seen between the years of 1991 and 1993 which leads to the choice of 1993 
as the start year. 

Table 3. Periods with significant data series. 

Station Data periods 

Baltic Sea 1993-2005 

M 1993-2005 

Neuglobsow 1994-1999, 2001-2005 

Pallas-Sammaltunturi 1999-2005 

Puszcza Borecka 2000-2006 

Waldhof 1993-2002 

Westerland 1994-2002, 2004 

Zingst 1997-2002 

2.2 The Östergarnsholm site 
Östergarnsholm is a small (~3 km2) island, ~4 kilometers east of mid Gotland seen in Fig. 2.3. 
The island is very flat with scarce vegetation of grass. On this island a tower was erected in 
1995, run by MIUU (Meteorological Institute of Uppsala University), with the foremost purpose 
to study important processes that control the exchange between the sea and the atmosphere. In 
this paper I have used the measurements of CO2 and wind direction. The tower is placed at the 
south tip of the island about 10m from the shore and 1m above mean sea level. For slow-
response parameters, temperature, wind speed and wind direction, it has 5 measuring heights. 
There are also high frequency measurements being done on three heights, e.g. turbulence 
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measurements. At one of these heights, 8m, the CO2-measurements are being done. The 
Östergarnsholm site and measurements are further described in Smedman, et. al. (1999). 

  
Fig. 2.3. The location of the Östergarnsholm site in the Baltic Sea 
east of Gotland. The measuring tower is placed on the south tip of 
the island indicated by an arrow (from Johansson, 2003). 

2.2.1  Data periods 
Östergarnsholm measurements used in the investigation of CO2-series are taken from the 
periods: December 1996 – October 1999, October 2001 – March 2002, June 2005 – June 2006. 

For WD-evaluation (Wind Direction-evaluation), some shorter periods of data are added from 
the autumn of 03 and 04. They are not used for the general CO2-analysis due to uncertainties for 
the calibration of the instrument. The variability of the instrument is probably accurate, though, 
and therefore the data can be used for the WD-evaluation. 

2.2.2  Instrumentation and measurements 
For the years 1996-1999 the CO2-measurements are done by a closed path, differential, NDIR 
analyser from LI-COR, Li-6262. Due to poor calibration the values are corrected with an offset 
that will be derived in section 5.1. 

2001-2002 the measuring equipment was changed to the open path, NDIR device Li-7500. These 
values are also corrected with an offset derived in section 5.1. This goes for the period of 2005-
2006 too. 

In 2003-2004 the Li-7500 is still used but the offset is now unidentifiable due to the scarce data 
amount, so the data are simply corrected to fit the values of 96-99-, 01-02- and 05-06, since we 
only use these data for variational analysis. 

All measurements are sampled with a frequency of 20Hz. A high-pass filter based on 10-min 
averages was applied to these turbulence data to remove trends. These data have then been 
averaged to the hourly values which is the frequency used in this paper. 
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3. Theory 

3.1 The Carbon Cycle 

3.1.1 Long‐term global trend 
The yearly mean value of the atmospheric CO2-concentration has always been changing on 
smaller and larger temporal scales. Sometimes it is up and sometimes it is down and in the end 
the different natural changes have cancelled each other out. The rate of the  atmospheric CO2-
change is basically decided by the terms of the global CO2-budget. This is primarily affected by 
large term fluxes like between ocean and atmosphere, vegetation and atmosphere and other 
natural outlets or uptakes of CO2. On a shorter timescale of about 200 hundred years, humans 
have changed the natural cycle of the CO2 by adding additional sources (mostly) of CO2-
production to the system like e.g. fossil burning, forest burning and land use change (Table 4). 

Table 4. The yearly global carbon budget, PgC=billion tons of carbon (Field and Raupach, 2004). 
 

 

 

 

 

 

 

 

 

The total amount of, anthropogenic carbon released in the atmosphere by humans is estimated 
to about 400 PgC (billion tons) which can be compared to 650 PgC, being the amount of carbon 
stored in all vegetation on earth. So obviously this has made a larger amount of CO2 available in 
the cycle and has thereby constantly and increasingly added more CO2 to the atmosphere. The 
atmospheric concentration of the pre-industrial atmosphere was about 280ppm, and from then 
on there has been a slowly accelerating increase of atmospheric CO2. Since the beginning of the 
series of station ‘M’ in the Nordic Sea 1981, until 2005, there has been an increase with ~40ppm 
of CO2 in the atmosphere, from about 340ppm then to about 380ppm today, as seen in Fig. 2.2. 
Due to the very rapid change of the atmospheres CO2-concentration, hand in hand with the 
increasing anthropogenic outlets, this change can probably be almost fully ascribed to - and 
dependent on - these additional outlets of humans. This increase probably would have been 
more than 2 times bigger if it hadn’t been for the large sinks on earth (Field and Raupach, 2004).  

Vegetational uptake 

The regrowth of vegetation is for the moment the largest sink on Earth by storing CO2 in 
additional vegetation on the continents. This sink is probably becoming even bigger in the 
future world of global warming, due to increased vegetation growth possibilities, especially in 
the temperate to poleward latitudes (Field and Raupach, 2004). 

Main sources of the global CO2-budget:  

• Fossil fuel burning and cement production: 5.9 PgC/y 
• Forrest burning:  0.6 PgC/y 
• Land use change:  0.6 PgC/y 
• Rivers and volcanos:  0.9 PgC/y 

Main sinks of the global CO2-budget:  

• Storage in the atmosphere:  5.2 PgC/y 
• Ocean uptake:  1.3 PgC/y 
• Vegetation uptake:  1.5 PgC/y 
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Oceanic uptake 

The second largest sink so far are the oceans, though in the future this sink has a much larger 
long-time potential of CO2-storage, due the enormous volumes of water that the oceans keep. 
The reason for the ocean sink not being as big as it potentially could be, is that the mixing of 
surface water with deep water is very slow and thereby slows the process speed of CO2-storage 
in the full volume of the oceans. 

Without the adding of anthropogenic CO2 to the atmosphere the oceans should actually be a 
source of CO2 of about 0.6 PgC/y. The primary explanation to the natural source of the oceans 
is the occurrence of positive river-ocean transport of carbon. But with the present atmospheric 
increase of CO2 the oceans have become relatively unsaturated and thereby a sink that instead is 
taking up CO2 into the surface layer (~100m) of the oceans. Because of the slow mixing between 
surface and deepwater this means that the concentration of CO2 in the deep oceans generally is 
lower than up at the surface making deepwater coming up to the surface better to take up and 
dissolve atmospheric CO2. This means that in regions that we actually have strong large-scale 
circulation between surface and deepwater the CO2 uptake can become much higher like in the 
case with the North Atlantic Current. 

CO2 is stored in the oceans by the dissolving into the water, becoming carbonic acid ( 32COH ), 

bicarbonate ( −
3HCO ) and carbonate ions ( −2

3CO ) described by the following chemical reactions: 

 3222 COHOHCO ↔+  

 −+ +↔ 332 HCOHCOH  

 −+− +↔ 2
33 COHHCO   

These equations strive for chemical equilibrium, so all molecules are present in the water 
simultaneously, trying to stay in equilibrium with the raising amount of CO2. This kind of 
dissolved carbon also goes under the name DIC (Dissolved Inorganic Carbon). 

Cold water can hold higher concentrations of DIC than warm water can, which generally makes 
the oceans being sinks on higher latitudes and sources on lower latitudes. Moreover, ocean 
water generally can dissolve more CO2 than fresh water because of a higher concentration of 
carbonate ions giving a higher equilibrium value for the CO2-concentration. 

To a smaller extent there is also undissolved, or so called ‘particulate’, carbon. This carbon is 
caught in different kinds of organisms (POC) or inorganic particles (PIC). The organic 
consumption of CO2 is not negligible but still of a much smaller scale, in the air-sea transport, 
than the dissolvement-rate described previously. 

3.1.2 Seasonal variation 
Because we, for the long-term trend, looked at yearly mean values it meant that variations on 
smaller scales were not considered, e.g. seasonal variations of CO2 did not appear. But if we 
make mean values on a monthly scale it will give us variations on the seasonal scale also, where 
the seasonal variation can be seen as a perturbation added to the long-term trend. In the Baltic 
Sea region the amplitude of the seasonal variation is generally about 10-25ppm. 

The factors that dominate the variation on this scale, are mainly the vegetational season, the 
ocean season and the season of human outlets. 
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Vegetational season 

The vegetation on Earth is the largest component of the seasonal variation. The vegetational 
season occurs because of the consumption, respiration and decomposition of the plants which 
are parts of the growing cycle of all vegetation. 

The consumption appears because of the photosynthesis of the plants. On a seasonal scale this is 
mostly active in the growing season, during spring and summer, and the reason for this is the 
requirement of light for the photosynthesis to appear and temperature for the plants to grow. 
For evergreen vegetation, mainly in the equator region, the consumption goes on more or less 
through the whole year, but at a less intense rate because there is no period of large scale 
regrowth. 

The respiration and the decomposition on the other hand dominates in the decaying or dormant 
periods of the plants, in autumn and winter on a seasonal scale and on nights and cloudy days 
on a daily scale. Also during long dry periods, or long cold periods in summer, a net respiration 
can occur, because the photosynthesis of the vegetation requires water and heat. 

The mean CO2-season of the Earth will have a maximum in winter and a minimum in summer. 
This is because of the uneven distribution of land and vegetation on the earths two 
hemispheres. Because most of Earths vegetation is located on the northern hemisphere it means 
that the low of the global CO2-season will be when the growing season occurs there. And 
similarly, in the decaying and dormant period of the northern hemisphere the global CO2 
experiences a high as seen in Fig. 2.2.  

Oceanic season 

As said earlier regarding the dissolvement of CO2 in the oceans, cold water can hold more CO2 
than warm water can. This gives a reversed flux season for the dissolvement-component than 
for the vegetational season, i.e. a maximum of CO2 in the summer and a minimum in the winter. 
The organic consumption or outlet in the sea has the same seasonal character as the 
vegetational, though, since it also is dependent on the photosynthesis cycle, but as said earlier 
this component is considerably smaller than the dissolvement component. 

Anthropogenic outlet season 

There have not been many results presented in this area so the anthropogenic season is not so 
well know. A guess, though, would be that the outlets are of somewhat larger scale during the 
winter, or at least the amount of anthropogenic CO2 in the surface- and boundary layer should 
be higher in the winter because of the lower boundary layer and more stable air during winter, 
making the atmospheric mixing lower than in summer. 

3.2 Factorisation of CO2‐variation 
The starting point of this investigation was to understand the CO2-variation over the Baltic Sea 
generally and at the Östergarnsholms site especially. This will mostly be done on a seasonal 
scale by using monthly mean values for the CO2-levels. For the convenience, concentrations of 
CO2 will be denoted by Cx from now on, where x denotes the origin of the CO2-term. On this 
seasonal scale the general expression for the mean monthly CO2-value, Cmonth , can be written 

 Cmonth = Ctrend + Cseas , (3.1)  

 where Ctrend = The change of the yearly mean value, or ‘the global trend’. 
  Cseas = The seasonal CO2-variation. 
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The variation of the concentration for an arbitrary substance in a body of air is affected by the 
fluxes going in and out through the surface. The body of air in this case representing the air in 
the ~10m-layer closest to the ground arriving at the location where the measurements are being 
done. So the way of understanding the CO2-variation of the air is by identifying the factors of 
CO2-flux affecting it. 

Since there are no CO2-sources or sinks in the atmosphere all large-scale fluxes, being of 
geographical importance, are connected with the earths surface. Thus, depending on the 
characteristics of the earths surface in the surrounding of an arbitrary station we get different 
appearance of the CO2-variation. 

3.2.1 Terms of importance for the  CO2‐concentration 
The largest modulators of the CO2-concentration are the vegetation, the oceans and the 
anthropogenic releases. These are added to the regional/quasi-global-scale CO2-variation, Cquasi-

glob, representing the mean CO2-variation of the whole region. So, e.g. for air affected by mostly 
ocean - added to the quasi-global variation - we get the character of the oceanic variation, and 
the equivalent cases for vegetationally and anthropogenically dominated areas. Between these 
cases of extremes there are the whole palette of different weights of vegetational, oceanic and 
anthropogenic fluxes modulating the air. This factorisation of Cseas is expressed by Eq. 3.2. 

Cseas = Cquasi-glob + Cocean + Cveg + Cant , (3.2) 

where  Cquasi-glob = The quasi global CO2-season. 
 Cocean = The ocean flux factor. 
 Cveg = The vegetation flux factor. 
 Cant = The anthropogenic flux factor. 

Because of the lack of a good source of quasi-global CO2-variation, I’ve chosen the very 
homogenous CO2-values of the station ‘M’ as a reference. The air mass at M can be seen to 
almost exclusively be affected by the component of oceanic flux, so for the Baltic Sea that we are 
investigating, the choice of reference for the CO2-concentration will be a quasi-global sea-
affected term, CM , giving 

 CM = Cquasi-glob + Cocean , (3.3) 

 where CM = The mean CO2-season of M. 
This gives the expression for Cseas , as 

 Cseas = CM + Cveg + Cant , (3.4) 

where Cveg and Cant together are seen as terms caused by activities on land in the local 
surrounding of the site and will therefore, from now on, go under the collective name ‘the local 
variation’  e.g. giving ‘the local season’. 

3.2.2 Assumptions 
To make the different terms in Eq. 3.4 more easy to separate from the total CO2-variation, there 
are some assumptions that can be done. Starting with the general expression for an arbitrary 
CO2 seasonal term, Cx , we use 

  Cx = xC + Cx’ , (3.5) 

 where xC  = The mean yearly offset relative to the annual mean value of M. 
  Cx’ = The mean seasonal variation. 



 15

So what assumptions can be made with this approach?  

Assumptions for CM 

For starters the oceanic yearly offset, MC , will, by definition become zero since it is used as 
reference. For the seasonal variation on the other hand we will have a significant term, so for CM 
we get 

 MC  = 0 

 CM’ ≠ 0 

Assumptions for Cveg and Cant 

The yearly offset from vegetational consumption, Cveg , is appreciated to be approximately zero 
and the offset is assumed to be totally ascribed to antC . This choice is mainly done for two 
reasons. Firstly, as was seen in Table 4, the yearly sink of the oceans – used as reference level - is 
on the same order as the sink of the vegetational regrowth (-1.3PgC/y for MC  versus -1.5PgC/y 
for vegC ). This in combination with the high value of anthropogenic outlets (~+7PcC/y) should 

lead to a domination of the anthropogenic component, antC , for the offset. Secondly, because we 
don’t have any tracers, or other possibilities of identifying anthropogenic outlets we were 
unable to separate vegetational sources of CO2 from anthropogenic sources. 

 vegC   ≈ 0 

and antC  > 0 

For the seasonal variation of Cveg’ and Cant’, it is the other way around. Because we have no 
sources telling us about how anthropogenic outlets varies plus the fact that the vegetational 
CO2-season probably is of a much larger amplitude than the anthropogenic, we here instead 
assume 

 Cveg’ ≠ 0 

and Cant’ ≈ 0. 

3.2.3 Expression for the CO2‐variation 
So by the assumptions in the previous section we get the final expression for Eq.3.1, 

 Cmonth = Ctrend +CM’ +Cveg’ + antC , (3.6) 

3.3 Rendering the terms from data 
With the resulting expression for Cmonth in Eq. 3.6, the question is, what do we know and what 
do we not know about the factors? Well, to start with we have the actual measured value of 
Cmonth  giving the mean monthly value of the atmospheric CO2-concentration. But what about 
the other terms? 

3.3.1 Getting an expression for Ctrend 
Ctrend denoting the long-time yearly trend, is taken from the one WDCGG-station with the most 
stable yearly mean values. The station chosen is therefore M because of its homogenous 
surrounding of ocean and total lack of local anthropogenic sources giving a very reliable 
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variation on all scales. A polynomial for Ctrend is developed from yearly mean values of the 
monthly values and thereafter doing a second-grade polynomial fitting to this curve. 

3.3.2 Getting an expression for CM’ 

For M we, by definition, assume that the local variation (Cveg’ and antC ) is equal to zero. So Eq. 
3.6, for M, simply becomes 

 CM,month  = Ctrend +CM’,  (3.7) 

giving 

 CM’ = CM,month - Ctrend,  (3.8) 

which means by removing the global trend, Ctrend, from the measured monthly values CM,month, 
we can get the monthly CM’-values for M, as seen in Fig. 3.3. 

 
Fig. 3.3. The monthly CO2-variation of M with the global trend neglected. 

To get a polynomial estimation of CM’, we take mean values for each month over the whole 
period, 1993-2005. By doing this we can then try to fit a polynomial curve to the data. This 
polynomial can then be used for removal of CM’ from the period of CO2 measurements of an 
arbitrary station. 

3.3.3 Extracting the local values of  Cveg’ and  antC  
Now we know the two factors of the global trend, Ctrend, and M’s seasonal variation, CM’. These 
are from now on to be used as reference terms for any arbitrary station in the Baltic Sea region, 
and will further on remain unchanged. Returning to Eq. 3.6, we can extract the local-season 
components, Cveg’ and antC , that may be wanted for any Baltic station deviating from M (Notice 
once again that deviations in variation thereby will be fully ascribed to Cveg’ and deviations in 
offset to antC . Naturally this wont be exactly the case in reality but as discussed in section 3.2.2, 
the assumptions are somewhat grounded and the overall characteristics will be of use for the 
purpose of the paper. Further discussion on deviations caused by these assumption will 
probably be needed though.). The extraction gives 

 Cveg’ + antC  = Cmonth  - Ctrend  - CM’,  (3.9) 

thus, from the CO2 data series of the stations used in this investigation, we remove the values of 
Ctrend and CM’ from the measured CO2-value (e.g. Cmonth). This is done by eliminating the 
polynomial values created for Ctrend  and CM’ one at a time for each data of the station data. So 
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 antC  = 'C -  C - C Mtrendmonth , (3.10) 

 where antC  is averaged on a yearly scale, 

which leads to 

 Cveg’ = (Cmonth  - Ctrend  - CM’) - antC .  (3.10) 

Mostly, though, these two components (Cveg’ + antC  ) will be treated together simply as the 
local season. 

3.4 Evaluation of local season results 
From the local season there is some information to be found about the local- to regional- scale 
surroundings of the station examined. Examples of such information are: 

• The yearly offset from antC  should tell us of how much the site is affected by 
anthropogenic outlets, e.g. high offset →  a site highly affected by anthropogenic outlets.  

• The amplitude of Cveg’ should give the degree of which the air has been changed by 
vegetation, e.g. high amplitude →  a site highly affected by vegetation. 

• In the temperate region, the time for the minimum of Cveg’ gives the latitude – or 
growing season - of the vegetation affecting the air, because the minimum of the local 
season should occur when the consumption is largest in the local surroundings. Because 
different vegetation types - such as boreal forest, leaf forest or grass land - have different 
consumption/respiration-periods, the latitude – or length of the growing season - 
dependence probably gets somewhat distorted. So e.g. early minimum →  a southern 
site or at least a site where the growing season peaks early. There may also be a peak 
preceding the growing season due to increased outgasing with raised temperatures. 
(Field and Raupach, 2004) 

• For cropland we have an early maximum because of the harvest season that gives raised 
values of CO2. Thus stations with maximum values for Cveg’ in late summer – autumn 
indicate that the station is influenced by cropland. On the contrary, maximum values for 
Cveg’ in late-autumn and forward, should indicate a domination of natural vegetation in 
the region of the station. There should also be a smaller peak in spring connected to 
cropland because of the planting season. (Field and Raupach, 2004) 

3.5 Predicting the local season character for locations in the Baltic Sea 
region 

Now, consider the case we want to get an idea of the local season for a specific uninvestigated 
site in the Baltic Sea region. This can be done by looking at the characteristics of the land in a 
region of up to about 1000km (which is assumed to approximately be the local area which 
affects the local CO2-variation), the local season should be possible to estimate. Characteristics 
interesting to investigate would be: 

• The amount of anthropogenic sources in the region which gives a guess of the offset 
antC . 

• The density of vegetation in the region that leads to a guess about the amplitude of Cveg’. 
This is also somewhat connected to the latitude because shorter and colder summers 
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give less production of vegetation. Remember that a sea-season station (M) is used as 
reference, so stations of high sea density should have a low amplitude. 

• The beginning of the growing season - tightly connected to temperature season and 
thereby with the latitude - gives us an idea of the minimum month for Cveg’. 

• Regions of high cropland density should have an earlier maximum or peak and a small 
peak in spring.  

So by looking, e.g., at these factors a qualified guess about the wanted locations local season, 
can be made. 

For Östergarnsholm I will make a guess in combination with comparison of the other WDCGG-
stations, and out of them, especially with help of BS. This is done before I have looked at the 
values of the Östergarnsholm-data. In this way I can compare the trial local season to the results 
from the actual measured values, of Östergarnsholm, to try the accuracy of the method used in 
this investigation. 

3.6 WD‐evaluation 
An interesting way to evaluate the Östergarnsholm data, is to divide the data into clusters 
depending on the reigning wind direction (WD) for the time of each CO2-value. This may be a 
nice way to look at how, e.g. the local season, looks coming from different areas with different 
characteristics. If the measured values presents surprises - by comparing the different WD-
clusters - this could give clues of why the CO2-variation possibly deviates from the expected 
curve. 

3.6.1 Choice of WD‐sectors 
From Smedman et. al. (1999), it is carefully investigated that the wind sector of 60-220 degrees is 
close to open sea conditions, and the sector of 220-350 is, instead, under a combination of land 
and sea conditions because of the influence of Gotland. This works as a fine starting point for 
the choice of my WD-sectors, but from looking at the map I made the choice of  exchanging 220 
degrees to 210 degrees to get a more even distribution of the WD-sectors, and to get the 140-210-
sector to be totally sea influenced. Then, a division is done in the way that I split the sea sector 
and land sector into two sectors each. To this I added the missing northern sector of 350-60 
degrees, which I also divided in two. The resulting sectors are presented and briefly discussed 
in Table 5, and the approximate source areas are shown in Fig. 3.6. 

4. Results from the WDCGG‐stations 
The data for each WDCGG-station and the Östergarnsholm site are here investigated in the way 
discussed in sections 3.3 to 3.6. First the results for the WDCGG-stations, and thereafter the 
parallel investigation of the Östergarnsholm data, will be presented. In Fig. 4.1, monthly means 
and hourly values of all used stations CO2-data are shown (except for M, because it is used as 
reference and has been shown previously). The data of BS are only taken on weekly basis. They 
are not weekly averages but point measurements though, which makes them somewhat 
comparable to the small temporal  scale of the hourly data for the other stations. The data is 
considerably more scarce though which makes the values being not as statistically significant. 
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Table 5. Short description of the WD-sectors chosen for Östergarnsholm. 

WD-sector [degrees] Description 

350-20 Northern sector. Somewhat affected by northern Gotland, but otherwise quite dominated 
by sea with a distant uptake from the land of Sweden and Åland. 

20-60 Northern sector. Not affected by Gotland. Sea dominated, with a distant uptake from the 
land of Finland, Estonia  and northern Russia. 

60-140 Sea sector. Sea dominated, with a distant land influence from the Baltic states and 
Russia. 

140-210 Sea sector. Sea dominated, with distant influence from Poland and eastern Germany and 
the continent beyond. 

210-280 Land sector. Affected by Gotland without larger local anthropogenic sources, some sea 
and the land  of southern Sweden. 

280-350 Land sector. Affected by Gotland with larger local anthropogenic sources, some sea and 
the land of middle Sweden. 

 
Fig. 3.6. Map over the Baltic Sea region with the 
approximate WD-sectors shown by the black lines. 
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Fig. 4.1. Monthly- (black) and hourly- (grey) CO2-values for the analysed stations. For BS the 
hourly values are exchanged to weekly. The axes are of the same range for all plots making the 
scales comparable. 

4.1  Removing the global trend of CO2 

4.1.1  The global trend 
The process of deriving the global trend, Ctrend, from 1993 and forward, is as shown in section 
3.3.1, and the result is seen in Fig. 4.2.  

For the polynomial fitting of the chosen 2:nd degree, the result is 

 Ctrend = 0.015422y2 – 59.777y + 58236, (4.1) 

where y = The time measured in unit of years. 

 
Fig. 4.2. Generation of the Ctrend -polynomial (solid line) from the 
yearly- (squares) and the monthly (dashed line) CO2-values from M. 
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4.1.2  Variation with global trend removed 
Ctrend–polynomial (Eq. 4.1) is then removed from the CO2-values of all the stations, giving the 
new values shown in Fig.4.3. 

Notice the constant value of the mean level for the data when the global trend is removed. This 
is obviously expected since the mean values should be approximately the same if the local 
sources and sinks have not changed during the period. For the ‘Puszcza Borecka’-site this seems 
to be the case though. Supposing the change in mean values is not due to malfunction in the 
measurements, the decrease in offset from zero should indicate that a decrease in anthropogenic 
outlets or a massive regrowth in vegetation has taken place during the measuring period of 
2000-2006. This decrease seems so big, though (goes from having the highest offset to having the 
lowest of all stations), that some degree of drift in the measurements is assumed.  

 

 
Fig. 4.3. Monthly- and hourly- CO2-values (black and grey) with values from the Ctrend-
polynomial removed. Same scales for all axes. 

Notice the different appearance in variability for the different stations and the for the different 
seasons. This difference in characteristics will be further analysed in section 4.4. 

4.2 The seasonal variations and the removing of CM’ 
To investigate the mean seasonal variation, mean values for each month are investigated. This 
results in Fig. 4.4. 

All the stations have their minimum around August, which was the month where the quasi-
global variation for M had it’s minimum. This is somewhat distorted by smaller peaks around 
earlier maximums for, e.g. Puszcza Borecka, Waldhof, Zingst and Neuglobsow, probably due to 
agricultural influence. Noticeable is also the small amplitude of the seasonal variation for 
Neuglobsow and Waldhof even though they should be quite highly influenced by vegetation 
giving CO2-consumption during summer and CO2-respiration during winter. Since these two 
stations at the same time are assumed to be the two most anthropogenically influenced stations 
this leads to suspecting that anthropogenic surroundings dampens the seasonal variation at the 
site. This indicates that the anthropogenic influence experiences a maximum in the summer and 
not a minimum as was suggested in section 3.1.2. 
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Fig. 4.4. Mean seasonal variation of CO2 for the WDCGG-stations. 

To get the local season now, we want to remove the variation of CM’ from the seasonal variation 
in Fig. 4.4. The result for CM’ is as seen in Fig 4.5. 

 
Fig. 4.5. Polynomial fitting (solid line) to the mean of the monthly 
CO2-values (squares), 1993-2005, of the seasonal variation of CO2 at 
station ‘M’. The fitted polynomial is of the 6:th grade. 

CM’  is approximated by the 6:th degree polynomial of  

 CM’ = 0.00062628m6 – 0.023348m5 + 0.32688m4 – 2.1294m3 + 6.0514m2 – 2.5271m – 9.9339. 
This can be repeated to compare with an arbitrary station, e.g. with M itself as seen in 4.6. 
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Fig. 4.6. The polynomial (solid line) compared to the measured monthly CO2-values 
(dots) of M for the whole period, 1993-2005. 

Since this is the station representing the quasi-global conditions this may tell us what regional 
deviations we should take into account for each separate month and year. 

4.2.1 The temporal deviation of station M 
Since M is the station representing the quasi-global conditions this may tell us what regional 
deviations we should take into account for each separate month and year. After removing CM’ 
from the monthly values of M, what remains are the monthly deviations from this mean and the 
result is shown in Fig. 4.7. 

 
Fig. 4.7. M’s monthly deviation from it’s mean season CM’. 

For the period 1993-1995, we see that variation is somewhat normal varying around zero. In 
1996 we get a raise of the CO2-concentration followed by a sharp drop in 1997 followed by a low 
until the first half of 1998. The second half of 1998 to 1999 is above zero and for 2000 the values 
are about normal. In 2001-2002 we see a drop, once again and then until 2005, except for the 
peak in late 2003, deviation stays around zero. If the plateau shifts are not just due to changes in 
calibration a suggestion could be that the drops seem to coincide with the El Niño outbreaks in 
1997-1998 and 2002. Also for the El Niño outbreaks in 1982-1983 and 1986-1987 (not shown in 
Fig. 4.7) there can be seen, at least, a raise of CO2-concentration at the end of the outbreaks. It 
has been shown previously that there is a regional connection between CO2-levels and changes 
in circulation caused by the El Niño-season by Feely et. al. (2006). Since El Niño may influence 
circulation in the Northern Atlantic too, a change in CO2-concentration in this region could be 
expected also. In any case this curve could be used as a reference, if wished, for the values of 
any station in the Baltic Sea region. 
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4.3 The local season variations 
Removing the CM’-term from the average season gives us the local variation for each station 
seen in Fig. 4.8. This represent the variation originating from the local/regional properties 
surrounding the station. The local season denotes the sum of antC  and Cveg’. This means that the 
yearly offset, is ascribed to antC  and the deviation from it for each month is ascribed to Cveg’.  
The difference for antC  and Cveg’ is seen to be quite big between the examined stations. 

 
Fig. 4.8. Mean local variation of the WDCGG-stations. 

The general characteristics for the local season of the stations is presented in Table 6, making a 
base for discussion together with Fig.4.8. 

4.3.1  antC  ‐offset 
The value of the offset fits the assumption that the value should be higher the more 
anthropogenic the local surrounding is. The station with the highest value is Neuglobsow in 
north-eastern Germany with an yearly mean offset of 15.9ppm, soon followed by Waldhof in 
north-central Germany with 14.0ppm. Since these two stations are the ones assumed to be most 
affected by anthropogenic sources this was expected. These are followed by the coastal stations 
of Zingst, 8.9ppm, and Westerland, 6.6ppm. The lower values for these are of course because of 
the high percentage of sea surrounding the sites. Puszcza Borecka has a fairly low value of 
5.0ppm, for being a land station. The site is, though, situated in periphery of the largest forest 
area in Poland, and the demographic density is relatively low. Other factors giving the low 
offset could be measurement problems at the station as discussed earlier, or the fact that the 
local consumption by vegetation actually may be so high that it leads to an unnegligible yearly 
sink lowering the offset. The polish BS has a low value, 4,0ppm, due to its high degree of oceanic 
local surroundings making anthropogenic sources scarce. The station with the lowest offset of 
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1.6ppm, is Pallas-Sammaltunturi in the Finnish Lapland, where the demographic density is very 
low, giving a low anthropogenic influence. 

Table 6. General characteristics of the local season for the WDCGG-stations. 

Variable 
 
Stations 

antC  (offset) 

[ppm CO2] 

Cveg’-amplitude 

[ppm CO2] 

Cveg’ -min 

[month] 

Cveg’ -max 

[month] 

Baltic Sea 4.0 7.9 June December 

Neuglobsow 15.9 13.8 May November 

Pallas-Sammaltunturi 1.6 7.3 July November 

Puszcza Borecka 5.0 26.4 May October 

Waldhof 14.0 14.1 May August 

Westerland 6.6 8.6 May November 

Zingst 8.9 11.4 May Aug/Nov 

 

4.3.2  Cveg’‐amplitude 
This variable also follows the expected characteristics of the local surroundings, where the 
amplitude should be connected to the degree of vegetational influence on the air. Puszcza 
Borecka gets the clearly highest value of 26.4ppm, and with the high local vegetational density 
this was expected. Neuglobsow and Waldhof with their similar vegetational properties follows 
with 13.8ppm and 14.1ppm, quite low values which seem to be due to high summer values. 
Looking closer it seems that the higher the offset is the higher relative values in summer we get, 
which may lead to a decreased amplitude. For the same reasons as for the offset the coastal 
stations Zingst and Westerland gets lower values of 11.4ppm and 8.6ppm respectively. Finally, 
again the stations BS, 7.9ppm, and Pallas-Sammaltunturi, 7.3ppm, gets the lowest values. For the 
BS this is due to the highly oceanic surrounding and for Pallas-Sammaltunturi this is due to the 
low density of vegetation because of the stations northern situation. A comparison, between the 
BS and Pallas-Sammaltunturi, can be interesting to do because of their similar values, to 
highlight the impact of vegetational density connected with the latitude. So the amplitude of 
Pallas-Sammaltunturi – a station surrounded by vast areas of land - is a bit lower than BS – 
surrounded by large areas of sea. Thus the density of vegetation is of such importance - for the 
CO2-values in the area – that it makes a highly land-affected station on a high latitude, 67° 58' 
N, to get a lower value than a highly sea-affected station on a lower latitude, 55° 21' N, with a 
difference of about 90 days for the length of the growing season (SMHI, 2007). 

4.3.3  Cveg’‐min 
Also this property follows the growing season, and thereby, the latitude of the station very 
nicely. If the growing season starts early the minimum comes early and vice versa. Since six out 
of the seven WDCGG-stations lies within three degrees in latitude, the growing season starts 
about the same time. This makes the minimums for Neuglobsow, Puszcza Borecka, Waldhof, 
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Westerland and Zingst, to occur in May when the vegetational growing is more intense. The 
most northern of the six southern stations, BS, that approximately has a 20-30 days shorter 
growing season than the other southern stations, ends up having its minimum in June instead. 
Pallas-Sammaltunturi with its far more northern position doesn’t experience its low until July. 

4.3.4  Cveg’‐max 
This is the property being least obvious and reliable, since it depends on the two strong factors 
of partly different natural respirational maximums and maximums depending on the time of 
the harvest. This makes the local season often having two strong peaks in the autumn, like for 
Zingst, or interchangeable, like for Puszcza Borecka. The peaks seen for most stations in August 
may also be partly due to the fact that the removed polynomial of CM’ has a strong minimum 
for that month as seen in Fig. 3.4. For all the six southern stations some degree of cropland peak 
can be seen and for Waldhof, Neuglobsow and Zingst early raises of the CO2-value in spring 
can be seen. For Puszcza Borecka it is not obvious whether the maximum is due to agricultural 
or natural outlets, but since there is a clear peak in spring and a low in December-January it 
indicates the peak in autumn should be somewhat due to agricultural activities, and as the 
amplitude of the variation is large the peak must be having a strong natural component also. 
But again, as discussed earlier, the reliability of the Puszcza Borecka-data may not be so high 
which may affect this investigation too. For Westerland and BS the early cropland peak and the 
late natural peak is present but they are smaller as expected because of the weaker influence of 
land. 

4.4  Analyse of mean deviations for hourly variations 
There is an indication in Fig. 4.3 that the monthly variability differs between the seasons and the 
stations which probably is connected with their local conditions. To investigate this further the 
mean of the positive deviations are shown as an errorbar above the mean local season and 
negative deviations are denoted by errorbars in Fig. 4.9. 

What can be seen from the variability is that the mean deviations seem to be relative to the 
degree of anthropogenic influence the stations have. Low anthropogenic influence gives low 
variability and vice versa. For the highly anthropogenic stations it seems to be typical with a 
maximum of variability around late summer and a minimum of variation in late winter. For the 
least anthropogenic stations the tendency seems to be reversed, i.e. we generally have a 
minimum of  variability in spring and a maximum in autumn. The explanation for the high 
variability in summer for the anthropogenic stations could be the increase in boundary-layer-
mixing in summer, which leads to shorter uptake distances for the air before arriving at the 
station (Eneroth, et. al. 2003). This in combination with the random, highly anthropogenic, local 
outlets (or simply the inhomogenity) surrounding these stations, gives a high variability in 
connection with different wind directions. For the high variability in autumn and winter of the 
less anthropogenic stations it could instead be because of the lower and more stable boundary 
layer, which leads to more distant source areas. This combined with the local homogeneity, and 
the regional inhomogenity, of the stations would thus give an increase in variability during  
winter (Eneroth, et.al. 2003). This may lead to the conclusion that for winters the variability is 
more influenced by the regional scale and for summers it is instead more locally influenced. 
Thus the stations in a particular region should have more similar variability during winter than 
during summer, which actually can be seen to be the case in Fig. 4.9. The exception is for Pallas-
Sammaltunturi which probably is at a too big distance from the other stations for this to apply 
here. Finally, once again Puszcza Borecka gives dubious values, especially the negative 
deviations seem unrealistically low, making the station less reliable in this investigation too. 
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Fig. 4.9. Plots over the local season from averages of the hourly (or weekly 
for BS) values of the stations with errorbars denoting the mean deviations 
from the mean value of the month, when the measurement is done, upwards 
and downwards from the mean local season. 

4.5 Predicting the local season of CO2 for Östergarnsholm 
Now when we have made a number of conclusions of how stations in the Baltic Sea region are 
influenced by local factors, this information is used to predict the local season of 
Östergarnsholm. The station used as reference is BS due to it’s proximity to Östergarnsholm 
and similarity in local characteristics. The assumed differences in local influence between BS 
and Östergarnsholm (which can give us an idea for quantitative values of the local season) are 
listed below. 

4.5.1  antC  ‐offset  
Since Östergarnsholm is closer to anthropogenic sources (Gotland) than BS, it is assumed that 
the anthropogenic offset, antC , is higher than for BS. Though, due to that the anthropogenic 
sources (e.g. of Germany) that affects BS are supposed to be of larger intensity, the difference of 

antC , between the stations probably isn’t as big as the distance to anthropogenic sources would 
suggest. Thus the value of antC  for Östergarnsholm is presumed to be 4.5ppm, compared to 
4.0ppm for BS. 
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4.5.2  Cveg’ ‐amplitude 
Also for this variable the higher proximity of vegetation for Östergarnsholm than for BS, should 
lead to a higher amplitude. Once again it is assumed, though, that the intensity of the vegetation 
of Gotland and the Scandinavian land areas is lower than for the land affecting the air of BS. 
This leads me to presume the chosen value of 8.6ppm for the Cveg’-amplitude of Östergarnsholm 
compared to 7.9ppm for BS. 

4.5.3  Cveg’ ‐min  
The growing season of the vegetation surrounding Östergarnsholm should be about maybe 25 
days shorter than for BS. This leads to the assumption of a later sink in spring and a later 
minimum than for BS, still in June though because of the low resolution of the monthly scale. 

4.5.4  Cveg’ ‐max 
The amount of crops and natural vegetation on the land surrounding Östergarnsholm is 
assumed to be about the same as for BS making the characteristics of the maximums for 
Östergarnsholm being the same as for BS. This is somewhat modified by the fact of the shorter 
growing season making the maximum from natural vegetation in autumn to appear somewhat 
earlier, making the assumed maximum month to be November. 

The correction of Östergarnsholm from BS for each month is shown in Table 7. The negative 
Cveg’-correction in February is due to the effect of raised CO2-values in the preface of a growing 
season which starts earlier for the local surroundings of BS. 

Table 7. Monthly correction added to the local season (Cveg’+ antC ) of BS to get the local season of Östergarnsholm. 

Month 
Correction [ppm CO2] 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Cveg’ [ppm CO2] 

Cveg’+ antC  [ppm CO2] 

0.7 
1.2 

-0.1 
0.4 

0.4 
0.9 

0.2 
0.7 

-0.1 
0.4 

-0.7 
-0.2 

-1.2 
-0.7 

-0.5 
0.0 

0.2 
0.7 

1.1 
1.6 

0.2 
0.7 

-0.2 
0.3 

The resulting prediction for the mean local season of Östergarnsholm looks as shown in Fig. 
4.10.  

5. Results for Östergarnsholm 

Now the same evaluation procedure will be done for the Östergarnsholms data as was done for 
the WDCGG-stations. The hourly data with resulting monthly mean values for Östergarnsholm 
are shown in Fig. 5.1. 

5.1  Correction of the Östergarnsholms‐data 
As mentioned in section 2.2.2, there were some corrections done to the data. 

In earlier investigations concerning CO2-levels at Östergarnsholm, the data have been realised 
to have an offset. Offsets have been constantly present due to incorrect calibration. Previously 
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Fig. 4.10. The local seasons for the WDCGG-stations (BS denoted with 
asterisks) with the trial curve for the Östergarnsholm local season (thick 
black line). 

the CO2-values have been corrected by using the assumption that the mean values of BS is 
directly comparable to the site of Östergarnsholm. Under this assumption, the levels for 1996-
1999 have been corrected by adding 27ppm to the concentration at Östergarnsholm (Wittskog, 
2005). But in the light of my investigation I would suggest that the values of Östergarnsholm are 
to be correct with a somewhat larger offset because, as said in section 4.5, the estimated CO2-
offset is suggested to be about 0.5ppm higher for Östergarnsholm than for BS. So my suggestion 
is that the 1996-1999-data are to by added with a value of approximately 27.5ppm instead of 
27ppm. Under the same assumptions, the values of 2001-2002 has an even greater offset that 
requires an addition of the empirical value of 36.4ppm to make the Östergarnsholms values 
somewhat correct. The 2005-2006-values are added by the value of 0.5ppm since the values are 
corrected directly from BS. As already said the values from 2003-2004 covers to few months to 
allow motivated correction, so they are just corrected by an empirical offset to fit the data of 96-
99, 01-02 and 05-06 and are only used for the WD-analysis. The hourly data and the resulting 
monthly mean values after the offset-correction for Östergarnsholm are shown in Fig. 5.1. 

5.2  Process of elimination 
The results for Östergarnsholm from the same process of eliminating terms as presented in 
sections 3.3 are here summarised by the CO2-concentration with the global trend removed in 
Fig. 5.2 and the mean season in Fig. 5.3. The analyse of the results will be presented in section 
5.3 in connection with the results for the local season. 
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Fig. 5.1. Hourly CO2-values (grey) and the monthly mean values (black) for 
Östergarnsholm. 

 
Fig. 5.2. Hourly CO2-values with the global trend removed (grey) and their 
monthly mean values (black) for Östergarnsholm. 

 
Fig. 5.3. The mean season of Östergarnsholm. 

5.3  The local season 
The mean value of the ‘actual local season’ of Östergarnsholm (from measured data), by the 
comparison of the ‘trial local season’ (estimated in section 4.5) is shown in Fig. 5.4. 
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Fig. 5.4. The trial- (dashed) and actual (solid) local season for Östergarnsholm. 

The differences between the trial and the actual local seasons are big, as seen in Fig. 5.4. E.g. the 
amplitude of the Cveg’-season is more than twice as large as estimated in section 4.5 and it is 
thereby the second largest of all investigated stations, only Puszcza Borecka has a larger 
amplitude. The most probable explanation for this is the usage of different periods of data for 
the two stations. By instead using exactly the same months in the trial and the actual local 
season the result is significantly changed as seen in Fig. 5.5. 

 
Fig. 5.5. Shown here is the trial local season Östergarnsholm derived from BS 
(dashed), the actual local season for Östergarnsholm (solid) and the local 
season for BS (dotted). The months used are just those that have values for 
both Östergarnsholm and BS. 
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Now the resulting curves seems to fit better and a discussion can be done considering the 
results for the different assumed variables. But it is worth pointing out with this result that the 
amplitudinal variability from season to season is significant and that, thereby, mean local 
season are not as representative for a single season as could have been expected. 

5.3.1  antC  ‐offset 
For the investigation of this variable we run into a drawback. Because of the offset correction 
presented in section 4.6.1, the value of this parameter will be about the chosen value of 4.5ppm. 
So the value of antC  gets lost in this investigation. 
 A weakness in the correction of data can here be seen because it was done with the 
assumption that antC  would be the same for the period of Östergarnsholm as for the full period 
of BS. This is not true though, because e.g. the value of antC  of the chosen months is 3,4ppm for 
BS instead of 4.0ppm as it was for the full period. This has thus made the correction of antC  for 
Östergarnsholm about 0.6pmm higher than intended. 

5.3.2  Cveg’‐amplitude 
The amplitude is probably the variable that is easiest to evaluate. For the investigated years 
there seems to have been an underestimation of the estimated degree of the influence of 
vegetation at Östergarnsholm. The measured amplitude is 16.3ppm for Östergarnsholm 
compared to 14.8ppm for the trial local season of the same period. So a qualitative conclusion 
can be done, that the difference in amplitude is bigger than the assumed value of about 0.7ppm. 
Until higher certainty, from larger data material, the assumption that the value of the difference 
between Östergarnsholm and BS, 1.4ppm, probably is the best one we can make. So the influence 
of vegetation at Östergarnsholm is probably somewhat higher than expected. 

5.3.3  Cveg’‐min 
This is a variable that relatively seems to fit the expected value. For these seasons, the time of 
the minimum seems to be somewhat delayed since BS has its minimum in July, which makes 
the minimum, also in July for Östergarnsholm, not to feel later than expected. The peak in June 
(or the sink in July) for BS distorts the minimum analysis. The strange values for this period 
could be connected with large deviations from the normal in the summers of 1998 (high) and 
1999 (low). Because of the high declination of the curves during springtime the difference in the 
start of the growing season is hard to investigate, but it can be investigated qualitatively by 
comparing the time when the CO2-concentration passes the value of antC . This happens in the 
beginning of April for Östergarnsholm and in late March for BS, making the difference about as 
large as expected. The statistical insecurity is large though, so the reliability is low. 

5.3.4  Cveg’‐max 
The maximum from natural respiration occurs in December which is somewhat later than 
expected for the mean local season, but for the seasons investigated the maximum seems to 
follow the BS maximum about as expected. The peak in October is probably connected with the 
outlet season for agricultural cropland. In spring only a weak flat peak can be seen for April as 
also for BS that could be due the planting season, but once again because of the statistical 
uncertainty this is not highly reliable.  
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5.3.5  Resulting correction of the average local season of Östergarnsholm 
From the results in Fig. 5.5, we can get a new suggested correction for the local season of 
Östergarnsholm from BS. This is done by subtracting the local season of BS from 
Östergarnsholms measured values shown in Fig. 5.5. The resulting new suggested correction is 
seen in Table 8 below (compare with Table 7). 

Table 8. The new suggested correction from the local season ( antC  + Cveg’) of BS to the local season of 
Östergarnsholm. 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Correction [ppm CO2] 2.8 1.6 1.2 0.8 1.2 -4.1 -1.2 -3.1 1.1 3.7 1.2 1.1 

 

This correction results in a new average local season of Östergarnsholm (Fig. 5.6 and Table 10) 
compared to the expected one seen in Fig. 4.7. Besides from the unrepresentatively deep dip in 
June, the result probably is reasonably credible. 

 
Fig. 5.6. The local seasons for the WDCGG-stations (BS, asterisks) 
with the local season of Östergarnsholm (thick black line) based on 
the correction in Table 8. 

Table 9. General characteristics for the resulting local season of Östergarnsholm. 

 antC  (offset) Cveg’-amplitude Cveg’ -min Cveg’ -max 

Östergarnsholm 5.0 ppm CO2 13.5 ppm CO2 June October 
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5.4  Analyse of mean deviations 
There is some uncertainty regarding the accuracy of the measurements from Östergarnsholm, 
because of the quite rigorous cleaning of data has been done. An evaluation of the reliability is 
thus done, by looking at the mean deviations for the hourly values. 

 
Fig. 5.7. The local season of Östergarnsholm with mean deviations of the 
hourly values. 

We see that character of the deviation resembles the variation of Zingst in Fig. 4.9, with high 
variability in late summer and low variability in spring, but with an amplitude more 
reminiscent of BS. Because of the similar proximity to land for Östergarnsholm and Zingst the 
similarity of the variation is not surprising, since a high variation was connected with local 
inhomogenities provided by land and low variation was ascribed to homogenous surroundings 
which we have for oceanic surroundings. The density of land with anthropogenic sources, etc, is 
clearly smaller for Östergarnsholm than for Zingst though, which leads to the resemblance of 
the more homogenously sea influenced station of BS which has about no close local 
anthropogenic sources. The character of the hourly mean deviation seems to be as expected and 
thus indicates that the reliability of the Östergarnsholms data probably is sufficiently high for 
investigations of this comparative scale. 

5.5 Evaluation by WD‐categorisation 
To further investigate the variations of the Östergarnsholms data, the CO2-values are divided 
into six categories depending on wind direction (WD). The choice of these WD-sectors are 
previously discussed in section 3.6.1. The whole summer of 1998 has been removed from the 
WD-analysis due to incorrect WD-measurements. Substantial removal was also done for the –
03-04-data period which was burdened by incorrect wind measurements for almost the whole 
period. The resulting CO2-series for the different WD-sectors then becomes as seen in Fig. 5.8. 
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Fig. 5.8. CO2-values for each chosen WD-sector. 

5.5.1 Reliability of monthly data for the WD‐sectors 
Because a very heavy division is done on the 21500 hours of data values used, by the 
classification into WD-clusters and months, there is a risk that some months for the less 
ordinary WD-directions gets a very scarce amount of data. This makes an account of the 
number of data for each WD-sector and month, being of interest, to see if there are any monthly 
mean values that could be less reliable. 

Table 10. Statistics showing the number of measured hours for each WD-sector and month. 

Month 

WD-Sector 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  

Sum 

350-20 27 25 38 68 70 44 64 42 32 85 59 74 628 

20-60 28 48 56 113 218 44 380 266 80 171 170 175 1749 

60-140 74 27 340 217 269 102 287 282 461 328 577 351 3315 

140-210 232 309 478 573 654 425 350 461 522 838 865 577 6284 

210-280 520 815 453 379 267 151 296 263 504 877 666 612 5803 

280-350 343 267 390 221 265 186 170 187 253 596 511 332 3721 

Sum 1224 1491 1755 1571 1743 952 1547 1501 1852 2895 2848 2121 21500 
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As could have been expected especially the sectors of 350-20 and 20-60 degrees were the sectors 
with the least amount of values. For some WD-sector-months the data amount is very scarce 
and since the less data you have gives less degree of certainty, some of the WD-sector-months 
have low statistical certainty. 

5.5.2 Local seasons for the WD‐sectors  
The results for the local seasonal variation of each WD-sector is seen in Fig. 5.9. 

 
Fig. 5.9. Local seasons for all WD-sectors investigated for Östergarnsholm. 

Because of the few years of data, conclusions are hard to make, but some obvious differences 
are still seen. It should be said that with the removal of the values of the summer of 1998, the 
minimum month for the mean local season has been shifted from June (as seen in Fig. 5.4) to 
July and the amplitude has become higher. 

Table 11. Characteristic values for all of the WD-sectors.  

WD-sector [degrees] 350-20 20-60 60-140 140-210 210-280 280-350 

antC -offset [ppm CO2] 2.1 1.6 1.5 2.3 4.2 4.7 

Cveg’-amplitude [ppm CO2] 22.1 24.5 23.2 23.8 20.9 16.7 

antC  -offset:  

These values seem to fit the expectations well that supposedly highly anthropogenic influenced 
WD-sectors gets a higher offset and sectors less influenced by anthropogenic sources gets a 
lower value. That the WD-sectors, of 280-350 with 4.7ppm, followed by 210-280 with 4.2ppm, 
were the ones with the highest offset is obvious considering the proximity to anthropogenic 
sources of Gotland where the highest demographic density is located in the northern half, 
covered by the 280-350-sector. The other sectors, with large source areas over sea, have a lower 
offset as expected. The only surprise may be the fact that the WD-sector 60-140 seems to be the 



 37

one of lowest anthropogenity with 1.5ppm, instead of 20-60, which has an offset of 1.6ppm, that 
was expected to be the station of the lowest anthropogenic influence. Either this is due to 
unrepresentative values due to low statistical reliability, or else it is due to the fact that the 60-
140 WD-sector really is the least anthropogenic. This could be because of that anthropogenic 
outlets of Finland and Estonia has more influence than would be expected by the first 
impression based on the high demographic density of higher proximity for the 60-140 WD-
sector. 

Cveg’-amplitude: 

One of the questions leading to the investigations in this paper was the somewhat surprising 
result that the annual amplitude was higher for air coming from sea areas (as for earlier 
investigations represented by the WD-sector 60-220) and lower for the land influenced sector 
(220-350) (Wittskog, 2005). This is opposite to what would have been expected since the 
vegetation of land should create air with higher CO2-amplitude as opposed to air influenced by 
ocean with fluxes of lower seasonal CO2-amplitude. The same tendency is clearly seen also in 
this investigation of the WD-sectors.  

6. Discussion 

6.1  Surprises in Cveg’‐amplitude 
Most of the results seem to fit the expected characteristics. But considering the results regarding 
the Cveg’-amplitude for the WDCGG-stations and the WD-sectors of Östergarnsholm, it seems 
clear that there is no simple connection between density of vegetation and seasonal Cveg’-
amplitude. To sum up this discussion, lets look at the results for the WD-sector analysis of 
Östergarnsholm in section 5.5.2. 

By comparing the WD-sectors 280-350 and 350-20, we can see that the density of vegetation 
should be far higher for 280-350 than for 350-20, and still the amplitude is 16.7ppm for 280-350 
and 22.1ppm for 350-20. There is an inverse relationship between antC -offset and the amplitude, 
giving that WD-sectors with a high offset have a lower amplitude and vice versa. In Fig. 5.7 we 
can see that the CO2-values in winter are about the same for all WD-sectors, but in the summer 
the values are clearly different. This means that the difference in amplitude is given mostly by 
the CO2-values in summer. Considering this in combination with the fact that the WD-sector 
that is most influenced by vegetation, is 210-350 and for that reason should have the lowest 
summer values of all sectors, it must mean that there are other factors giving increased values in 
the summer. One could be the anthropogenic outlets of Gotland that positively modifies the 
summer values of Östergarnsholm. This resembles the results in section 4.2 and 4.3 considering 
the dampening of the CO2-season for anthropogenically influenced stations, like e.g. 
Neuglobsow and Waldhof. It also resembles the discussion in section 4.4, where we seemed to 
have a more local influence during summer which, for Östergarnsholm, should lead to a higher 
anthropogenic influence from the Gotland sector during summer. So there seems to be some 
degree of consistency in this relation, and a part of the question concerning the unexpected WD-
sector-variation of Östergarnsholm may have been answered. Another reason could be that we 
have the coastal line of Gotland just west of Östergarnsholm which should lead to somewhat 
warmer surface water in this sector (210-350) during summer which in turn should lower the 
waters capacity of dissolving CO2  leading to higher  CO2-values (Hagelin, 2006). 
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6.2 Improvements 
Due to the limitation of the measurements used in this paper there are many improvements that 
can be done to reach a higher level of understanding of the CO2-variation above the Baltic Sea. 

6.2.1  Tracer measurements 
The big problem with this investigation has been the difficulty to discern the sources and sinks 
of CO2 from the direct measurements of just looking at the CO2-concentration. To be able to 
render any information of that kind from the data, the assumptions for the offset and variation 
were suggested which made us able to separate the two largest sources from anthropogenic- 
and vegetational- fluxes. The accuracy of these assumptions can be questioned since the 
seasonal variation seems to be dependent on the proximity of anthropogenic sources. A 
measurement that could be done to improve the ability to separate the anthropogenic local 
season from the local season, is to do parallel measurements of tracer gases for anthropogenic 
outlets, e.g. xNO -gases, which should make it possible to discern the anthropogenic local 
season by correlational identification. Since xNO -gases were only measured at one of the 
WDCGG-stations used here, an emptive analysis of this kind seemed futile. An attempt was 
made with 3O  as an anthropogenic tracer gas, since it was measured at most of the WDCGG-
stations, but the correlation with local anthropogenic outlets was realised to be low or even 
zero. Generally a larger knowledge of the variation of anthropogenic outlets would help. The 
same kind of parallel tracer measurement can also be done to distinguish the degree of 
influence from land contra ocean by measuring the short-lived isotope Rn222  emanating from 
the earths crust (Robertson et al. 1999). This would make us able not having to assume that the 
oceanic local season is the same for the whole region (as was done in this investigation by using 
the variation of M) which would lead to larger possibilities of analysing the CO2-variation more 
accurate in the geographically mixed region of the Baltic Sea. So tracer measurements - which at 
present is scarce - at the stations, would be of help with developing more precise factorisation of 
the CO2-variation.  

6.2.2  Data amount 
When it comes to the measurements there are some flaws, mostly for the data of Puszcza 
Borecka and Östergarnsholm. For Puszcza Borecka there seems to be a drift in the CO2-
measurements which makes the data less reliable than for the other stations, moreover the 
relatively short measuring period makes it more vulnerable to statistical deviations. For 
Östergarnsholm the small amount of data, and thereby its lack of temporal coverage, is the 
major single property causing problems for different reasons: 

• The offset correction of the CO2-values gets insecure because, as seen in section 5.3, the 
variability from season to season is very big. 

• Mean monthly values, such as for the mean local season, gets a low statistical reliability 
since there are only data for about three full years. 

• The WD-analysis gets sectors and months with very few hourly values due to the high 
fractioning of data, which in turn gives even higher statistical uncertainty than before. 

So improvements of the used data, by further measurements, would radically give a higher 
statistical security and thereby a better ground for making or trying assumptions. 
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6.2.3  Further investigations 
Due to lack of time, and space in the paper, there were some investigations of the available data 
that were not done but would be of interest for further investigation. One of these things would 
be to do the same kind of analysis of the WD-sectors done for Östergarnsholm for the WDCGG-
stations too, since WD-measurements were available for all stations except for Puszcza Borecka. 
This would probably give us further understanding concerning the somewhat unexpected WD-
sector variations of Östergarnsholm, and thereby maybe give us more information about what 
gives the seasonal variation its character. Another investigation that would probably be of 
interest is to do some kind of spectral analysis of the CO2-variation. This may reveal peaks in 
the frequency, in addition to the seasonal, that are significant in the spectral aspect of CO2-
variation. By examining these possible frequencies it might be possible to ascribe different 
fluvial components to these peaks and thereby expand the factorisation of the CO2-variation 
with these components. 

7. Summary and Conclusion 

From the results of the WDCGG-stations in the Baltic Sea region, there are some expected 
conclusions that can be done.  

The yearly trend of the CO2 for the Baltic Sea region, and the Earth, shows a steady increase. For 
the investigated region this is derived from station M being the station of least monthly 
variability. By removing this trend, values of seasonal scale and lower can be analysed. 

A station, totally influenced by oceanic surroundings, as M, has a broad maximum in spring 
and a sharper minimum in august for a mean season. Stations with influence from vegetation 
and anthropogenic sources, gets more and more different to the oceanic season depending on 
the degree of influence these factors have. This difference is referred to as the ‘local season’.  

The higher the influence from vegetation is at the site, the higher amplitude we get for the local 
season with maximums in late autumn to winter and minimums for early summer. The density 
of the vegetation gets lower for higher altitudes giving smaller amplitudes the further north in 
the Baltic Sea region we come. The latitude also affects the time of the minimum because of 
differences in when the growing season starts, making the minimum to appear later for sites on 
higher latitudes than for sites on lower. For cropland we see an earlier maximum in the local 
season connected with the harvest and sometimes a weaker peak in spring. 

The offset of the local season (i.e. the deviation in annual mean from M’s annual mean) tells us 
the degree of anthropogenic influence at a site, where higher anthropogenic influence gives a 
higher offset. There also seems to be an effect from the anthropogenic influence that keeps the 
low summer values clearly higher than for non-anthropogenic sites, making it possible for sites 
of high vegetational influence to have a lower seasonal amplitude than expected. It also seems 
that anthropogenic sources are connected with higher variability in the summer months, as 
opposed to winters when the variability is about the same for all stations. 

For Östergarnsholm we get a higher amplitude for the local season than was expected after the 
evaluation of the WDCGG-stations. This was realised to be mostly be due to unrepresentative 
high seasonal amplitudes for the data of Östergarnsholm. Still there was realised to have been 
an underestimation of the amplitude, with a value of 13.5ppm instead of 8.5ppm as was expected 
for the average local season. For the WD-evaluation we, quite surprising, see that the amplitude 
of the air coming from the land sectors is lower than for air coming from the ocean sectors. Since 
the difference in amplitude seems to originate from the summer months it is suspected that the 
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unexpected character of the local seasons comes from the influence of the anthropogenic 
sources of Gotland. 

With larger amounts of – and thereby more reliable - data, combined with expanded tracer 
measurements, this kind of investigation should be able to tell us more than it did in this paper. 
This is especially due to the uncertainty in discerning the different components of variation, 
which in this paper has led to daring assumption like that the amplitude of the local season only 
depends on vegetation and that the offset only depends on anthropogenic outlets. 
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