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Abstract

Temperature fluctuations and precipitation amount in Oslo and Tallinn have been presented and compared. However Oslo and Tallinn are located at the same latitude, climate in Oslo is ca 2°C milder than in Tallinn and more humid due to closeness of the Gulf Stream. During the last 100 years Earth temperature has been arisen for 0.6 °C and greenhouse gases are thought to be responsible for it. To reduce the climate warming  and emissions of the greenhouse gases into air several agreements, first of all Kyoto Protocols, have been signed At present the major problem in Estonia is the CO2 gases, that per capita is one of the highest in Europe. Norway with its growing production is polluting the air with gases that by 2010 will exceed 19% the permitted quantity. To preserve the environmental stability, it is utmost important to utilise the waste. For that purpose Estonia and Norway have made fundamental environmental strategy and means how to meet the set goals.

1. Introduction

Comparative data on climate, air pollution, waste and environmental problems of Norway and Estonia and their capitals are presented and discussed. Data on the temperature of the last 22 years for Tallinn and of 21 year for Oslo have been obtained from Encyclopaedias (Jaagus 2002; Norra 1995) and Internet (www.weatherbase.com). Precipitation series of Tallinn covers 145 years (www.weatherbase.com) and that of Oslo 29 years (www.lookatnorway.org.uk/ images). Data on the waste originate from different sources (Liiver et al. 2000; http://www.environment.no/topics).



Oslo is a capital of the Kingdom of Norway, Tallinn – the capital of the Estonian Republic. Distance between them is ca 600 km (Fig. 1). In spite of the considerable distance, both capitals have several common features. They are located on the coastal areas, Tallinn – at the southern part of the Gulf of Finland, Oslo – at the Oslo fjord. They are situated approximately at the same latitude; still Tallinn locates is a little bit southern, accordingly 59° 21´N and 59°54´N. Territory of Norway is stretched towards north-south, ca 1750 km (Norra 1995), as the same dimension for Estonia is 245 km. The width of Norway territory differs from 6 to 4650 km. The maximal width of Estonian territory is about 300 km (Saar 2002). Tallinn at the southern part of the Gulf of Finland is open to the cold northern winds. Oslo is protected from the north by plateau and mountains. Such location and various distances from the Atlantic Ocean are the main reason why climate of two countries differs.


[image: image1]
Fig. 1. Location of Oslo and Tallinn (www.lonelyplanet.com/mapshells/europe /norway/norway.htm ) 
11% of total inhabitants of Norway are living in Oslo, whereas 33% of inhabitants of Estonia are living in Tallinn. Oslo and Tallinn are the biggest logistic centres of their own countries, with the most important international airports, several industries, as food, sewing workshops, publishing houses, timber and electronics industries. In the surroundings of Oslo several mineral oil works up factories have been established. Norway is highly developed industrial country, which has first place per capita in the world in the production of electricity and aluminium, and third place in electro-chemicals products (fertilises, plastics, artificial substances) (Norra 1995). The data available on the wastes is available for Norway and Estonia as the whole country and we made use of it. From the environmental pollution indicators we selected these, which mostly influence the regional climate.

1.1. On the climate of Norway and Estonia

Norwegian northern part belongs to the Arctic Climate Zone; still most of Norway belongs to the Temperate Zone as Estonia (Norra 1995; Jaagus 2002). In summertime Arctic Zone is characterized by polar day when sun is shining all day long contrast to wintertime, when sun does not rise higher from the horizon. Annual means temperature there is around 1 °C. Climate is severe and arctic (mean annual temperature –4 °C) also in the inner parts of Norwegian Mountains with strong winds thick snow cover and mountain glaciers (Norra 1995). Here the lowest temperature 
-50 °C of the last 21 years has been registered (www.weatherbase.com). Climate of coastal areas is mild due to influence of the Gulf Stream. Mean annual temperatures are commonly 6 °C in the southern part of country, and decreasing towards the north. Precipitation is also considerable –700-2000 mm/yr-1. Oslo is surrounded by large plain area, which is one of the driest and warmest regions of Norway.

Climate of Estonia is transitional on the coastal areas and continental in the inner parts (Jaagus 2002). The Atlantic Ocean influences climate of both Norway and Estonia, especially by the cyclonic activity on the northern part of the Ocean (Jaagus 2002). The prevailing western and south-western winds bring the warmer and humid air to inner regions and turn the autumns and winters milder, springs and summers cooler than in several regions at the same latitude.

1.2. Environmental conditions and factors influencing it

The main purpose to protect the environment is to guarantee people the healthy environment and recourses for the economy not making considerable damage to the nature. However, the increasing production and consumption has created danger for the environment. The first problem is polluted air, soil and groundwater. To measure air pollution, the emissions of greenhouse gases has been monitored and calculated, e.g. CO2, N2O, SO2, and CH4, solid and other flying particles. Emitted into atmosphere SO2 and N2O will deplete and cause the acidification of precipitation, which damages forests, lakes, and rivers and fish recourses. As the wastes also polluted air, we have treated wastes as well.

In Estonia the most important pollution area is northeast Estonia, were located main oil shale mines and electricity power stations. In Norway 1/3 of all pollution comes from the mineral oil and gas production from the sea. As mineral oil contains heavy metals and toxic contaminants, in marine environment they accumulate in fishes, bottom deposits, plants, molluscs, etc. The exploitation of the raw mineral oil during the last 10 years has been increased twofold. In 1990 94.5 million m3 has been produced, in year 2000 already 180.9 million m3 ((http://www.environment.no/). Both, the area of the mineral oil platforms (Photo 1) and the exploration area have been increased.


[image: image2]
Photo 1. Oil platform in the North Sea (www.ima.umn.edu/~arnold/disasters/sleipner.html)
2. Methods and material

Air temperature in Tallinn has been measured since 1866 (Jaagus 2002). In the current report we used temperature data for the last 22 years of Tallinn and 21 year for Oslo, as such data series were in Internet (www.weatherbase.com). Data on the precipitation of Tallinn are available on the Internet address www.weatherbase.com and publication (Jaagus 2002). Precipitation data of Oslo cover the time span of 1961-1990 and were found in Internet www.lookatnorway.org.uk/images.

In Table 1 the average sum of precipitation per year, average high and low temperatures for Estonia and Norway were calculated on the base of raw estimates of the different meteorological stations (www.weatherbase.com). As the latitudinal extension of Norway is high presented in Table 1 not the averages, but maximum and minimum, not included the measures from arctic and mountain zones. Estonian environmental characterisation is mainly based on two sources: Eesti keskkonnaseisund (2000) and on the international report http://nfp-ee.eionet.eu.int/SoE/a/index_ee.htm.  The data on the Estonian environment are absent for the last three years. Data on the Norwegian environmental conditions are at the Internet address http://www.environment.no/.

	Climate parameter
	Estonia
	Norway
	Tallinn
	Oslo

	Mean air temperature, °C
	4.7
	1-8
	5
	6

	 Average high temperature, °C
	7.7
	2-11
	8
	10

	Average low temperature, °C
	2.25
	-7- +6
	2
	2

	Highest recorded temperature, °C
	35
	35
	33
	35

	Lowest recorded temperature, °C
	-43
	-50
	-30
	-26

	Average precipitation, mm/yr-1
	634
	330-2033
	562
	763


Table 1. Air temperatures and precipitation of Estonia, Norway, Tallinn and Oslo

3. Results and discussion
3.1. Air temperature and precipitation 

Mean air temperature data are based on records, given in www.weatherbase.com. The average annual air temperature in Oslo is 6 °C (last 21-year record; Fig. 2). The coldest month is January and February (-3°C; Fig. 2). In the March the mean temperature is about zero, from April to November – 1-17 °C (Fig. 2). In the warm years the average July temperature is 21 °C (commonly 17 ° C; Fig. 3). Highest recorded temperature in Oslo during the last 21 year was in June 35 °C (Fig. 4). Even in January and February temperature has risen up to 12 °C (Fig. 4).
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Fig. 2. Average temperature in Oslo and Tallinn (www.weatherbase.com). 
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Fig. 3. Average high temperature in Oslo and Tallinn (www.weatherbase.com).
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Fig. 4. Highest recorded temperature in Oslo and Tallinn (www.weatherbase.com).
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Fig. 5. Average low temperature in Oslo and Tallinn (www.weatherbase.com).
 Some years in Oslo are so warm, that the average high temperature has been 10 °C  (Fig. 3); in September has risen to +27 °C, and in October +20 °C  (Fig. 4). During the cold winters and summers average low temperature in Oslo was as low as 2 °C, whereas the mean February temperature -7 °C, and July +12 °C (commonly 17 °C; Figs 5, 2). The lowest recorded January and February temperature in Oslo was -26 °C (Fig. 6), in April -7 °C and in May - -2 °C.


In Tallinn the mean air temperature (22 years record) was 5 °C (Fig. 2),           1 degree lower from Oslo. Differently from Oslo the coldest month in Tallinn is February (-5 °C; Fig. 2), when the mean monthly temperature is 2 degrees lower from Oslo. Summers in Tallinn are also 1-2 °C cooler than in Oslo (Fig. 2). Comparison the seasonal temperature deviation shows that the seasons are colder in Tallinn except autumn. In autumn the temperature in Tallinn and Oslo is almost the same (Fig. 2). The highest measured temperature in Tallinn is 33 °C (Fig. 4). In one April day the temperature in Tallinn has increased up to 26 °C, in Oslo 23 °C (Fig. 4). -30 °C is the absolute minimum temperature recorded in Tallinn, in Oslo -26 °C (Fig. 6). Freezingly cold weather can be met in December, January and February. 

Comparison of the number on warm, moderate and chilly days, it occurred, that the chilly period lasts in Oslo longer than in Tallinn (Table 2), especially on the account of March. As the mean March temperature in Oslo is about zero (Fig. 2), the presented in Table 2 data could be erroneous, but we do not have reliable source to control it.
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Fig. 6. Lowest recorded air temperature in Oslo and Tallinn (www.weatherbase.com).

	Temperature
	Number of days in Oslo
	Number of days in Tallinn

	Above 21 °C (warm)
	54
	31

	Above 15 °C (moderately warm)
	121
	98

	Above 0  °C (chilly)
	42
	93

	Below 0 °C (cold)
	148
	143


Table 2. The number of warm, moderately warm, chilly and cold days in Oslo and Tallinn (www.weatherbase.com).

Precipitation
Precipitation in Tallinn is the average of 562 mm/yr-1 (data on the last 145 years) (www.weatherbase.com), in Oslo between 1961-1990 763 mm/yr-1 (www.lookatnorway.org.uk/images), what precedes the amount of precipitation in Tallinn by 201 mm (Fig. 7).  According to published data mean annual precipitation amount in Tallinn between 1966-1998 was 684 mm/yr-1 (Jaagus 2002), which is only 79 mm less than that in Oslo. Monthly distribution of precipitation is quite similar in both cities (Fig. 7). The most poor in precipitation is winter, especially February. Towards September the precipitation amount increases, having maximum in August and September (Fig. 7). Since October it once again starts to decrease. The rainiest in Tallinn are August and September (71 mm per month), and driest February (23 mm), in Oslo accordingly 89, 90 and 36 mm per month. The total number of rainy days in Tallinn 165, in Oslo 212-232, from which 110 days it rains and 55 days it snows in Tallinn, in Oslo correspondingly146 and 66 days.  Most frequently it snows in January and rains in October and November.
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Fig. 7. Comparison of monthly mean precipitation in Tallinn and Oslo (www.weatherbase.com ; www.lookatnorway.org.uk/images).

3.2.  Air pollution
Many people suffer due to air pollution. Clean air is vital to health, because polluted air favours respiratory infection, bronchitis, cancer, and several lung diseases. Air polluted by greenhouse gases causes climate change and the last changes in weather pattern, air temperature, acid rain, depletion of ozone layer and increase of hazardous waste in soil and groundwater (http://nfp-ee.eionet.eu.int/SoE/a/index_ee.htm; http://www.environment.no/topics); (http://www.environment.no). Air pollution is mainly caused by emissions of carbon dioxide (CO2), sulphur dioxide (SO2), nitrogen oxide (N2O) and solid particles (dust), produced by oil shale burning power plants, cement factories and traffic.

Carbon dioxide (CO2) is the most important greenhouse gas, giving rise to climate change. CO2 is mostly created by the combustion of fossil fuel http://nfp-ee.eionet.eu.int/SoE/a/index_ee.htm; http://www.environment.no/datasok/Data/tidsserie.asp?Paramkode=CO2-UL&sprak=en&topmenuindex=5&pagename=Carbon+dioxide+to+air; http://nfp-ee.eionet.eu.int/SoE/a/index_ee.htm. Estonian energy is mostly based on oil shale, timber and peat, whereas 99% of the Norwegian energy is based on hydro energy. Because of it Estonia emitted into air CO2 almost the same amount as Norway, in spite of the difference in the industry (Fig. 8). 92% of the emitted CO2 in Estonia comes from energetic sector, 6% from transport and 2% from other branches of industry (Kohv et al. 2000). Still, as compared with the beginning of nineties, the total amount of emitted CO2 has decreased two times (Fig. 8). In the European contest emitted by our republic CO2 is small, but per capita almost highest: in 1996 – more than 14 tons (Kohv et al. 2000).


[image: image9.emf]total carbon dioxide emissions

0

5000

10000

15000

20000

25000

30000

35000

40000

45000

1991199219931994199519961997199819992000

1000 tonns

Estonia

Norway


Fig. 8. Total carbon dioxide emissions (http://www.environment.no/datasok/Data/tidsserie.asp?Paramkode=CO2-UL&sprak=en&topmenuindex=5&pagename=Carbon+dioxide+to+air; Kohv et al. 2000; http://nfp-ee.eionet.eu.int/SoE/a/index_ee.htm).
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Fig. 9. Sulphur dioxide emission (http://62.92.38.7/datasok/Data/tidsserie.asp?Paramkode=SO2-UL&sprak=en&topmenuindex=11&pagename=Sulphur+dioxide+to+air; http://nfp-ee.eionet.eu.int/SoE/a/index_ee.htm). 

Sulphur dioxide (SO2) is the greenhouse gas, which favours formation of acid rains and causes damages to the coniferous forest, and the environment as a whole. The main source of  SO2 pollution is energy, heating and oil shale chemistry, which produces ca 88% of the total amount of SO2 in Estonia (Kohv et al 2000; http://nfp-ee.eionet.eu.int/SoE/a/index_ee.htm). Emitted SO2 per capita in Ida-Viru County in 1998 was 69.6 kg, and 1966 even 79.8 kg. Most of SO2 is produced by Estonian and Baltic Power Plants, 42 and 29% respectively. In Norway this indicator was 7.8, in Sweden 8.8, in Finland 20.5, in Germany 18.8, in Latvia 23.7, in Lithuania 25.1 kg per capita. Only Checks Republic emitted more than Estonia SO2 in Europe – 91.7 kg per capita (Kohv et al 2000). In Tallinn and Oslo the emitted amount of SO2 is considerably smaller – 4.6 kg (1999), and – 0.94 kg. Since 1994 Norway has almost 2 time decreased SO2 emissions into air. http://62.92.38.7/datasok/Data/tidsserie.asp?Paramkode=SO2-UL&sprak=en&topmenuindex=11&pagename=Sulphur+dioxide+to+air;).
Methane (CH4).  The most important sources of methane emissions are agriculture (enteric fermentation and manure management) and waste management (waste landfills, wastewater treatment). During the last twelve years methane emission in Norway hasn’t considerably decreased (http://www.environment.no/datasok/data/tidsserie.asp?Paramkode=CH4-UL&sprak=en&topmenuindex=5&pagename=Methane+to+air), whereas in Estonia it has decreased almost twice (Fig. 10) on the account of decreased agricultural activities (cattle breeding). Other important source of methane is the oil shale mining, use of natural gas and fuel combustion (http://nfp-ee.eionet.eu.int/SoE/a/index_ee.htm).
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Fig. 10. Emitted methane in thousands of tons 
(http://nfp-ee.eionet.eu.int/SoE/a/index_ee.htm; http://www.environment.no/datasok/data/tidsserie.asp?Paramkode=CH4-UL&sprak=en&topmenuindex=5&pagename=Methane+to+air). 
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Fig.11. Emissions of N2O into atmosphere (http://62.92.38.7/datasok/data/tidsserie.asp?Paramkode=N2O-UL&sprak=en&topmenuindex=11&pagename=N2O+to+air) 

Nitrogen oxide (N2O) also belongs to the greenhouse gases, from which 70% gives the combustion of fossil fuel, the rest comes from agriculture, mainly from the fertilizes. In comparison with Norway (http://62.92.38.7/datasok/data/tidsserie.asp?Paramkode=N2O-UL&sprak=en&topmenuindex=11&pagename=N2O+to+air) Estonia emitted N2O ten times less. During the last years N2O emissions from Estonia have been decreased, in Norway stabilised (Fig. 11). Nitrogen as the other greenhouse gases causes warming of atmosphere. 

In addition to the above mentioned greenhouse gases the main indicators in the pollution of air are the organic pollutant and dust. Dust emissions is highest from the Estonian Power Plant (53.6%) and Baltic Power Plant (37 %) (Photo 2). Traffic also produces a lot of dust. It emissions has been increased lately, as the number of cars has increased.


[image: image13]
Photo 2. Dust emissions from the electric Power plant (Kohv et al. 2002).

3.3. Waste

Wastes are things, materials or residuals generated by the activities of people. Flourishing industry produces increased consumption and amount of waste. It causes several environmental problems, as increase of greenhouse gases, heavy metals and toxic chemicals. Decomposition of waste products can go into surface and ground water and cause great damage to the environment (Kohv et al. 2000). The total amount of household waste per year in Norway surpasses that of Estonia (Fig. 12a), but per capita Estonia produces more waste (Fig. 12b; Liiver et al. 2000; http://www.environment.no/datasok/Data/tidsserie.asp?Paramkode=PAVFALL-L&sprak=en&topmenuindex=1&pagename=Household+waste,+collected+per+ capita). Generation of waste in Estonia has been stabilized, in Norway- increasing. During the time span 1974-1999 the waste amount per capita in Norway has increased 80% (from 174 to 314 kg per capita). Industry also generates a lot of waste, especially Ida-Viru County, where one can see oil shale ash, slag and semi-coke hills. Due to uncontrolled waste deposition in Estonia a lot of landfills, which do not correspond to the environmental demands, appeared. 
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Fig. 12a. Generation of household waste in Norway and Estonia (thousands of tons per year) Liiver et al. 2000; http://www.environment.no/datasok/Data/tidsserie.asp?Paramkode=PAVFALL-L&sprak=en&topmenuindex=1&pagename=Household+waste,+collected+per+ capita.
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Fig. 12b. Household waste per capita (kg/yr-1) in Norway and Estonia. Liiver et al. 2000; http://www.environment.no/datasok/Data/tidsserie.asp?Paramkode=PAVFALL-L&sprak=en&topmenuindex=1&pagename=Household+waste,+collected+per+ capita
4. Pollution influence on climate and measures to decrease it

During the last century global temperature has increased for 0.6 °C (www.environment.no/topics/climateairnoise/climate/climate.stm). At the same time, concentration of CO2 constantly increasing in atmosphere, temperature increase has been connected with the greenhouse gas effect and increasing industry. If people continue to live and produce in the same way, greenhouse gas concentration could increase by 2100 twofold. To avoid climate warming, several agreements between countries have been contracted, according to which the emitted amount of greenhouse gases in 1998 could not surpass the amount in1990. Estonia joint with the Kyoto Protocols in 1998. It demands to decrease the emission of greenhouse gases by 2008-2012 on the 1990 level. Estonia has fulfilled the demands of Kyoto Protocols, as the emission of CO2, CH4, and N2O has been decreased 46.6% (Kohv et al. 2000), caused by decrease in oil shale mining and agriculture. Between 2000 and 1980 years the emission of SO2 has been decreased even 4.6 times.


If Norway continues to produce raw mineral oil in the same speed as now and establishes new electric power plant (on the gas heating), the greenhouse gas amount could increase by 10.25 million tons (http://wwwgrida.no/soeno98/climate /kyoto.htm). To fulfil the demands of Kyoto protocols Norway should take additional measures to decrease the greenhouse gas emissions by 19%.
5. Conclusions

In conclusion it can be said that the climate in Oslo is milder than in Tallinn due to the influence of the Gulf Stream. The Gulf Stream brings warm water from southern latitudes and it results in non freezing of the seas of the Atlantic coast. The prevailing western and south-western winds bring the warmer and humid air to inner land and turn the winters milder and summers cooler.

 
The fluctuations of the temperature are rather significant: in Oslo from +35˚C to -26˚C and in Tallinn between +33˚C and -30˚C; in Oslo total of 61 degrees and in Tallinn 63 degrees. Freezingly cold weather is brought by artic breezes that often reach far south. Unusually warm weather is the result of north reaching tropic breezes (Jaagus 2002). The climatologists have proved that we are witnessing the global warming on Earth (www.emvironment.no/topics/climateairnoise/climate/climate.stm).
In the XX century the temperature on Earth has risen the average of 0,6˚C, in Estonia between 1866-1999 the temperature has risen the average of 0,7˚C (Jaagus 2002). In general, we can say that the warming has taken place in winter and in spring. But then there is always a second opinion: namely that with the rising average temperature the glacier in Greenland is melting and the sea-level rises which slows down the Gulf Stream and brings cold winters to Europe (Alandi 2003). If this is true the climate will soon turn into harsh winters as are prevailing in Canada on the same latitudes.

To hinder the global warming several agreements have been signed by a number of states (Kyoto Protocols) to decrease pollution. At present the major problem in Estonia is the CO2 gases, that per capita is one of the highest in Europe. Norway with its growing production is polluting the air with gases that by 2010 will exceed 19% the permitted quantity (http://wwwgrida.no/soeno98/climate/Kyoto.htm). To preserve the environmental stability, it is utmost important to utilise the waste. For that purpose Estonia and Norway have made fundamental environmental strategy and means how to meet the set goals.
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