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1.
Introduction
1.
In order to assess the economic impact of Russia’s possible ratification of the Kyoto Protocol one needs to take into account the following factors:
· the amount of financial resources which may be obtained by Russian economic agents from the sale of gas emission quotas under Annex A of the Kyoto Protocol;

· the volume of international investments which may come into Russia within the framework of the Kyoto Protocol;

· the potential financial costs which may have to be borne by Russian residents if they need to acquire the aforementioned quotas for gas emissions;

· the size of the decline in economic growth rates which may result from compliance with the requirements of the Kyoto Protocol.
2.
An estimate of the financial benefits or costs which may be obtained or paid by Russian residents by trading quotas for the emission of gases indicated in Annex A of the Kyoto Protocol can be based on the path of physical volumes of their emission, the time-frame within which such emissions may reach 1990 levels (baseline under the Kyoto Protocol), and the projections for actual prices in the future market for quotas.
3.
An estimate of the effective price of greenhouse gas emissions for both potential sellers and buyers can be based on the yield of alternative uses of energy, for example, in generating GDP, which happens to be one of the causes for emissions.
4.
An estimate of the potential decline in economic growth rates can be based on the declining rate of hydrocarbon use in line with the Kyoto Protocol requirements.
2.
Patterns in Human-Induced Carbon Dioxide Emissions
5.
A major source of human-induced emissions of carbon dioxide is the human use of energy in the course of economic activity. Hydrocarbons remain the top source of energy used by modern man and currently provide about four fifths of all energy consumed by humans (Figure 1).
6.
The last three decades have seen a trend towards the gradual reduction of the share of hydrocarbons in the total volume of energy consumed by humans. Between 1971 and 1999 the share of hydrocarbons fell by 7.4 per cent, while the share of nuclear power increased by 6.2 per cent, the share of hydroelectric power grew by 0.4 per cent, and the share of other sources of power rose by 0.8 per cent.

7.
Given the technological nature of modern economy nuclear power is the only source of energy which may in the medium term in part offset the relative decline in the use of hydrocarbons. At higher levels of economic development the share of nuclear power in total energy consumption tends to grow. However, if one were to avoid tangible declines in economic growth rates, then it would require decades and large-scale investments for even the most developed nations to substitute the existing hydrocarbon-based energy sector infrastructure with a nuclear power-based one.
8.
Between 1971 and 1999 the share of hydrocarbons in total world energy consumption has been declining at an average rate of approximately 2.6 percentage points per decade. On account of this one should hardly expect that hydrocarbons will at any time in the foreseeable future (in the next few decades, and, possibly, not even before the end of the century) lose their significance as the most important source of energy for the world economy.
9.
Some recent reduction in the relative share of hydrocarbons in energy consumption did not imply a reduction in their use in absolute terms. Between 1971 and 1999 worldwide consumption of hydrocarbons grew by 62.5 per cent. Over the same period of time worldwide emissions of human-induced carbon dioxide gases increased in direct proportion by 61.6 per cent (Figure 2).
10.
There exists a clear link between energy consumption and the emission of carbon dioxide (Figure 3). This connection is even stronger between the consumption of hydrocarbon fuel and the emission of carbon dioxide (Figure 4).
11.
Energy is consumed in the course of human economic activity which has the ultimate objective of generating GDP (Figure 5). The link between consumption of energy obtained from hydrocarbons and GDP generation is somewhat weaker, since different sources of energy, other than hydrocarbons, are used in the course of economic activity (Figure 6).
12.
The link between absolute GDP and carbon dioxide emissions values illustrates the fact that hydrocarbon fuel serves as the most important source of energy used by humans for commercial purposes (Figure 7). The same link is also observed for growth indicators (Figure 8).
13.
The increase in absolute terms of emissions of human-induced carbon dioxide is a distinctive feature of modern civilization (Figure 9). Decreases in absolute terms in emissions of carbon dioxide had been observed only at the time of military and political or economic events of cataclysmic proportions which would cause reductions in production of material wealth and human consumption of energy, mainly, during World War I and World War II, global economic crises of 1921-1922, 1929-1933, 1937-1938, 1974-1975, 1981-1982, 1990-1991, and during the crisis in transition economies in the first half of the 1990s. The reduction in world carbon dioxide emissions in the early 1980s was caused also by lower consumption of oil as a result of significant increases in world oil prices.
14.
Continued growth in human-induced carbon-dioxide emissions is also projected for the next several years (Figure 10).
15.
In the 1990s the trend towards higher nominal carbon dioxide emissions continued for most of the countries of the world (151 out of 198) (Figure 11).
16.
At the same time human-induced emission of carbon dioxide decreased in nominal terms in 47 countries. In 31 of these lower emissions were accompanied by declining nominal per capita GDP (Figure 12). This contraction of per capita GDP was caused by crises leading to lower economic activity and lower carbon dioxide emissions in the following groups of countries: 
1. transition economies - 13 of the former USSR countries (with the exception of Uzbekistan and Turkmenistan), the Czech Republic, Slovakia, Bulgaria, Romania, Croatia, Serbia and Montenegro, Macedonia, Albania, and Mongolia;

2. centrally planned economies - North Korea and Cuba;

3. underdeveloped countries affected by external and internal conflicts (Afghanistan, Congo, Liberia, Zaire, Zambia, Zimbabwe);

4. the Bermudas.
17.
In 16 countries in the 1990s lowered emissions of human-induced carbon dioxide were accompanied by growing per capita GDP (Figure 13). These countries are grouped into three categories: 
1. highly developed countries with limited access to cheap (relative to other sources of energy) hydrocarbons that had secured through structural adjustment of their economies moderate growth rates with lower nominal carbon dioxide emissions (Luxemburg, Denmark, Finland, Great Britain, Germany
);

2. small countries that had in recent years quickly geared their economies towards services, first and foremost, tourism, as well as towards exports of natural resources without any substantial domestic processing (the Bahamas, Puerto Rico, Malta, Sudan, Chad, Swaziland, Fiji, French Polynesia, Papua-New Guinea);

3. transition economies with limited access to sources of cheap hydrocarbons, which were able to quickly adapt their economies to new and higher prices of hydrocarbons that they consume (Poland and Hungary).
18.
The share of total emissions by countries within the so-called ‘Green Trend’ (countries which both reduced the nominal emissions of industrial carbon dioxide and also increased per capita GDP) was 8.1 per cent of worldwide emissions of carbon dioxide in 2000 (4.4 per cent excluding Germany). This combination of opposite trends is quite exceptional even for countries with limited access to hydrocarbon-based sources of energy. More than 90 per cent of worldwide emissions and almost all of the emissions of hydrocarbon-sufficient countries take place in countries where these developments would fall out of pattern.
3.
GDP Carbon Intensity Factors 

19.
Against the background of a strong and sustained link between economic growth and carbon dioxide emissions some countries are showing a consistent divergence from the average worldwide trend. These deviations are to a large extent explained by the different rates in the intensity of carbon dioxide emissions when producing one unit of GDP, also known as carbon intensity of GDP
. The latter is measured in unit weight of carbon dioxide per unit value of GDP. International comparisons show that this indicator is somewhat inert and this implies that the quantitative value of carbon intensity of GDP of a given country remains consistent over certain periods in its development.
20.
The most important factors that predetermine the quantitative value of carbon intensity of GDP of one or another country, as well as the curve and rate of its change, involve the level of economic development (GDP per capita), and access by economic agents to relatively cheap (compared to prices for other energy resources) hydrocarbons (coal, oil, and gas). Availability of relatively cheap energy resources to economic agents to a large degree determines the energy consumption pattern (share of hydrocarbons in total energy consumed), and, respectively, the structure of the economy (share of energy intensive sectors in GDP). Furthermore, the carbon intensity of GDP is further substantially influenced by the climate (average annual temperature).
21.
Based on the former two criteria
 the 124 countries for which information on carbon dioxide emissions in the years 1971-2001 is available from the International Energy Agency (IEA) database were sorted into more uniform groups with distinct patterns for carbon intensity of GDP and its change over time:
· carbon non-intensive market economies (73 countries);

· carbon intensive market economies (18 countries); 

· highly carbon intensive ‘factory countries’ (6 countries);

· carbon non-intensive transitional economies (22 countries);

· carbon intensive transitional economies (4 countries)
;

· Russia.

Some indicators for levels of economic and energy sector development for these groups of countries are shown in Table 2.
22.
Availability of cheap hydrocarbon-based sources of energy requires substantial adjustments in the operation of several economic patterns. For this reason the impact of various factors on the carbon intensity of GDP is most clearly displayed using the example of carbon non-intensive market economies (Figures 14-18).
23.
Countries with low per capita GDP have relatively low carbon intensity of GDP (Figure 14). A substantial part of the energy used in these countries involves human and animal muscle power.
24.
With growing industrialization and higher economic development muscle energy is replaced by industrial power generation. Use of this energy grows very rapidly at rates exceeding the rates of GDP growth. Hydrocarbons are one of the most easily available and transportable sources of this energy. Usually, the share of hydrocarbons in energy consumption increases as per capita GDP grows (Figure 15). It follows that while the share of hydrocarbons in energy consumption grows, as a rule so does the carbon intensity of GDP (Figure 16).
25.
The correlation between levels of economic development and the carbon intensity of GDP is non-linear. It is best described by an upside-down Latin U (∩-shaped correlation). As the share of hydrocarbons in total energy consumption approaches 100 per cent (Figure 15) and the country attains a certain level of economic development measured at around US$ 16,000-20,000 at purchasing power parity (PPP) in 1999 prices (Figure 14), the pace of increase in the carbon intensity of GDP begins to slow down. The value of the carbon intensity of GDP then continues to remain stable for some period of time.
26.
As economic development reaches higher levels, we see a gradual substitution of less efficient and more carbon intensive hydrocarbon-based fuels with more efficient and less carbon intensive (firewood, peat, and oil shale are replaced with coal; coal is replaced with oil and petroleum products; and oil and petroleum products are replaced with natural gas). Hydrocarbons themselves (where the climate, science and technology development levels, and social and political attitudes permit) are gradually replaced by hydroelectric power and nuclear power. These developments bring about a contraction in both the share of hydrocarbons in energy consumption (Figure 15) and the carbon intensity of GDP (Figure 14). Once a country reaches per capita GDP of US$ 16,000-20,000 at PPP in 1999 prices, the carbon intensity of GDP, as a rule, begins to contract. However, in countries with higher per capita GDP the carbon intensity of GDP never falls to levels typical of countries with low levels of economic development.
27.
In many highly developed countries the carbon intensity of GDP, as a rule, is declining. Indeed, the rates of decline in the carbon intensity of GDP are often stronger in countries with significant initial values of carbon intensity of GDP (Figure 17).
28.
At the same time in some carbon non-intensive countries with sufficiently high levels of development (including Spain, Portugal, New Zealand, Taiwan, Israel, and Cyprus) the carbon intensity of GDP continued to grow in the 1990s.
29.
Countries with lower average annual air temperatures, as a rule, show typically higher carbon intensity of GDP values (Figure 18).
30.
Even high levels of economic development of one or another country do not prevent the carbon intensity of GDP from being very sensitive to changes in the average annual air temperatures. The cold winter of 2003 in Finland spurred a 10 per cent increase in the carbon intensity of GDP, almost offsetting its decline over the preceding five years. Against the background of a steady trend towards the reduction in the carbon intensity of GDP in previous years a cold wave in Northern and Central Europe in 1996 brought about an immediate spike in this indicator in France by 2.7 per cent, in Germany by 3.6 per cent, in Austria by 5.0 per cent, in Belgium by 5.3 per cent, in Finland by 8.4 per cent, in Sweden by 8.7 per cent, and in Denmark by 19.1 per cent. Even in a highly developed economy like Great Britain, which finds itself in rather favorable weather conditions (with average annual air temperatures in Central England of 9.5 degrees Centigrade above freezing point), and whose authorities are keen on reducing the country’s carbon intensity of GDP, the changes in this value remain to a high degree dependent on the changes in air temperatures (Figure 19). According to the data for the years 1975-2000 a decrease in the temperature of air of 0.1 degrees Centigrade has led to an increase of carbon intensity of British GDP on average by 9 per cent.
31.
In other groups of countries the patterns discussed above are observed as well, but are less conspicuous. For example, within the group of carbon intensive market economies the carbon intensity of GDP slightly declines with higher levels of economic development (Figure 20), however, it remains at a relatively high level (above 0.5 kgs of carbon dioxide per dollar of GDP) even when per capita GDP reaches US$ 16,000-20,000.
32.
For all subgroups of market economies there is evidence of a steady link between the level of economic development and per capita carbon dioxide emissions (Figure 21). High levels of economic development and high standards of living in developed nations (both carbon non-intensive and carbon intensive) are, as a rule, dependent on high per capita energy consumption, including energy obtained from combustion of hydrocarbon fuels, and, as a result, on carbon dioxide emissions. For highly developed nations these indicators prove to be much stronger than for countries with smaller per capita GDP values. Against this background, any substantial decline or curtailment in the growth of per capita carbon dioxide emissions in market economies is observed only once they reach per capita GDP levels of approximately US$ 16,000-20,000 at PPP in 1999 prices (Figure 22).
4.
Forecasting Carbon Dioxide Emissions in the Russian Federation

33.
The forecasts of greenhouse gas emissions prepared by the Russian Academy of Sciences Institute of Energy Studies, in particular, claim that Russia ‘will not exceed the 1990 level of emissions at least before 2015-2020’. These claims seem to be rather unfounded.
34.
An exercise in forecasting of carbon dioxide emissions in the Russian Federation should consist of two parts:
· a forecast of economic growth rates and energy consumption growth rates, including consumption of hydrocarbon fuels;

· a forecast of the rate of change in the carbon intensity of Russia’s GDP.
4.1.
Forecasting the rates of economic growth
35.
This paper uses four basic scenarios for average annual GDP growth rates for 2004-2020 while forecasting economic growth rates in Russia:
· a conservative scenario of 5.0 per cent growth;

· the Government scenario implying rates of 6.2 per cent;

· the inertial scenario (assuming that GDP in Russia will continue to grow at rates prevailing in 2000-2003) of 6.7 per cent; and
· the scenario of doubling the GDP over a period of 10 years with 7.2 per cent growth (Figure 23).

36.
A forecast of the rate of change in the carbon intensity of GDP in Russia in the next several years can be based on the following:
1. an extrapolation of its actual path in the past;
2. proxies in trended changes of the carbon intensity of GDP in countries comparable to Russia both in the past and the present.
4.2.
Forecasting the rate of change in the carbon intensity of GDP by extrapolation

37.
The actual path of change in the carbon intensity of Russia’s GDP over the last decade varies depending on the source of data (Table 3). According to the Third National Communication (TNC) submitted by the Russian Federation in accordance with Article 4 and Article 12 of the United Nations Framework Convention on Climate Change, the carbon intensity of Russia’s GDP in 1990-2003 contracted from 513 to 462 g/ruble of GDP in 1998 prices, decreasing on average by 0.8 per cent per annum. According to the data provided by the International Energy Agency (IEA) the carbon intensity of Russia’s GDP in 1990-2001 increased either from 440 to 470 g/ruble of GDP in 1998 prices (IEA Sectoral version), or from 464 to 471 g/ruble of GDP in 1998 prices (IEA Reference version), i.e. growing either by 0.6 per cent or by 0.1 per cent depending on one of the two versions of the methodology used by the IEA.

38.
Irrespective of the data set used the path of change in the carbon intensity of Russia’s GDP in 1990-2003 can be clearly separated into two distinct phases:
1. period of economic crisis of 1990-1998 when the carbon intensity of GDP was growing (by 1.4 to 2.7 per cent on average per year); and

2. period of economic growth in 1998-2003 when the carbon intensity of GDP was declining (by 4.3 to 5.1 per cent on average per year).

39.
Research done by the Russian Academy of Sciences Institute of Energy Studies (INEI RAN) indicates a ‘contraction of the carbon intensity of GDP in 2003 to 82.1 per cent of its level in 1990’. It follows, according to INEI RAN, that the carbon intensity of Russia’s GDP in 1990-2003 was declining at rates almost twice as high as those reported by the Federal State Statistics Service and in the Third National Communication (17.9 per cent and 10.1 per cent, respectively). The reasons for this inconsistency between INEI RAN data and official statistics remain unknown.
40. 
INEI RAN assumes that in 2003-2012 ‘the trend towards declining carbon intensity of the GDP will continue at an average rate of 4 to 5 per cent per annum, so that by 2012 the carbon intensity of GDP will constitute 53 per cent of its level in 1990’. Thus, the baseline version of INEI RAN’s forecast for 2003-2012 assumes a possible decline in the carbon intensity of GDP at an average rate of 4.75 per cent per year. The extrapolation of exactly these rates for the decline in the carbon intensity of GDP over the next two decades, notwithstanding the high rates of economic growth, prompts INEI RAN to infer that Russia would not exceed the 1990 level of greenhouse gas emissions at least until 2015-2020.
41.
The extrapolation of these rates of decline in the carbon intensity of GDP over the long term seems unjustified for a number of reasons. Firstly, according to calculations based on the Federal State Statistics Service (GDP) and TNC (emissions of carbon dioxide) data, the rates of decline in the carbon intensity of Russia’s GDP in 1998-2003 were in fact 4.3 (rather than 4.75) per cent per year. Secondly, it would be incorrect to extrapolate over a substantially longer time-frame the results obtained for a relatively short period of time. Thirdly, these high rates of decline in the carbon intensity of GDP are not typical for market economies (Table 5). Fourthly, historically such a rapid decline in the carbon intensity of GDP was observed only in transition economies in the 1990s. This phenomenon warrants a special study.
42.
There are reasons to believe, that this exceptional outcome may have been caused by a unique combination of two factors. On the one hand, the 1990s saw a quite rapid adjustment of a number of transition economies to new world market prices for energy resources, and, respectively, a convergence of their energy intensity of GDP and carbon intensity of GDP indicators on those typical for market economies at corresponding levels of development.
43.
On the other hand, rather high rates of decline in the carbon intensity of GDP in 1998-2003 were to a large extent driven by GDP growth, rather than simply by the reduction of carbon dioxide emissions (in Russia, for example, emissions grew by 10.6 per cent). In this case GDP grew both by its generation through energy consumption, as well as through the so-called ‘windfall profit’, or favorable terms of trade developments prevailing during these years. According to IEA calculations, in 1998-2003 Russia’s GDP grew by 15.2 per cent net of the terms of trade developments impact (Table 4), compared to GDP growth of 37.6 allowing for this impact (Table 3). Respectively, in 1998-2003 the carbon intensity of Russia’s GDP (according to the TNC) net of the terms of trade impact fell only by 4 per cent (or by 0.8 per cent per year), compared to a 19.6 per cent (or 4.3 per cent per annum) contraction allowing for this impact (Tables 3 and 4).
44.
Therefore, extrapolation of ex post data is, in principle, an acceptable method of forecasting long-term developments in the carbon intensity of Russia’s GDP. Nevertheless, it does require some fine tuning. If it were to be applied correctly, one of the two following approaches needs to be used with estimations basing on either:
1. the actual rate of change in the carbon intensity of Russia’s GDP over the longest possible time-frame (-0.8 per cent per year in 1990-2003 according to the TNC; between +0.1 per cent and +0.6 per cent per year in 1990-2001 according to the IEA); or
2. the actual rate of change in the carbon intensity of GDP over a shorter period (say, between 1998 and 2003) adjusted for the impact of favorable terms of trade developments on GDP growth (-0.8 per cent per year in 1990-2003 according to the TNC; between -2.8 per cent and -3.1 per cent per year in 1990-2001 according to the IEA).
45.
In both of these cases the forecasted rates of decline in the carbon intensity of GDP prove to be lower, implying that Russia will return to its 1990 level of emissions much quicker.
4.3.
Forecasting the rate of change in the carbon intensity of GDP by using proxy comparisons
46.
In order to forecast the rate of change in the carbon intensity of GDP in Russia by applying trends observed in proxy countries, one first needs to identify such proxies, and this in turn implies, that one needs to assess the Russia-specific values of factors, which have an impact on the level and path of the carbon intensity of GDP. Russia is a country with a relatively low level of economic development (per capita GDP in 2001 was US$ 7.1 thousand and US$ 8 thousand in 2003 at PPP in 1999 prices). Russian per capita GDP is approximately 2 to 2.5 times less than the cusp value in the ∩-shaped curve representing the correlation between the level of economic development and the carbon intensity of GDP, which occurs at US$ 16,000-20,000 at PPP in 1999 prices.
47.
Russia in general is highly sufficient in energy and in particular in hydrocarbon fuel, has highly developed energy sector and relevant infrastructure. By virtue of this the country historically enjoys lower (relative to world market prices and the cost of alternative energy sources in Russia) prices for hydrocarbon-based energy resources. The low cost of hydrocarbon fuels helps keep them in high demand and maintain their quite bulky share in overall consumption of energy (92.9 per cent), which is noticeably higher than the world-wide average of 79.8 per cent. Large consumption of hydrocarbons determines a rather high level of the carbon intensity of Russia’s GDP.

48.
The modern structure of the national economy, which was shaped in recent decades and passed the test of operating in an open market-oriented environment and harsh international competition in 1992-2004, affirmed the effectiveness of the country’s prevailing economic specialization in extraction, processing and exporting of hydrocarbons within the framework of international division of labor, as well as their wide-scale use in power-intensive industries.
49.
Russia has one of the harshest climates in the world. Within the Russian Federation average annual temperatures in excess of +10 degrees Centigrade are observed only in the southernmost parts of the country in the Krasnodarsky kray and Dagestan (Figure 24). Russia is one of world’s record-holders in terms of climate frigidity (Figure 25).
50.
The aforementioned features help place Russia within a group of proxy countries, comparisons against which would prove most meaningful for the purposes of forecasting the possible path of carbon dioxide emissions. Based on the classification suggested earlier (Paragraph 21) Russia is placed within the group of carbon intensive countries with per capita GDP below US$ 16,000 at PPP in 1999 prices. Therefore, the most correct comparison would be against carbon intensive market economies and against carbon intensive transition economies (Table 2). The least correct comparisons would be of Russia against carbon non-intensive countries, as well as against countries with levels of economic development that are substantially different from Russia’s.
51.
When compared to carbon intensive market economies with corresponding levels of development, the carbon intensity of Russia’s GDP turns out to be almost twice as high (Table 2). Nevertheless, it is much lower than in highly carbon intensive ‘factory countries’ and around 10 per cent lower than in the carbon intensive transition economies.

52.
Given the high measure of inertness the aforementioned features of the Russian economy will most likely retain their importance in the foreseeable future. At the same time relative prices of hydrocarbons will continue to increase gradually approaching world market price levels, while the share of hydrocarbons in total energy consumption is likely to decrease.
53.
Some of these aforementioned distinct features of the Russian economy (relatively high present level of the carbon intensity of GDP, gradual increase in relative prices of hydrocarbons, declining share of hydrocarbons in total consumption of energy, further accommodation of Russian economic agents to an open economy environment) imply a high probability of a further reduction in the carbon intensity of Russia’s GDP over the next several years.
54.
Some of the other distinct features (low level of economic development, high level of sufficiency in hydrocarbon resources, their relative low cost, high share of hydrocarbons in energy consumption, structure of the economy, and a very cold climate) suggest that any decline in the carbon intensity of Russia’s GDP in the next several years is unlikely to be very rapid.
55.
This raises the issue of estimating the most probable (best possible) rate of decline in the carbon intensity of Russia’s GDP. This estimate is based on the rates of change in the carbon intensity of GDP in 124 countries over the past three decades (Table 5).
56.
International comparisons indicate that some market economies may in some years show rather high rates of decline in the carbon intensity of GDP. However, a consistent reduction in the carbon intensity for two decades in a row with rates in excess of 4 per cent per annum is an historical exception. In the last 30 years this has been observed for only two micro-states - Luxemburg and the Netherlands Antilles.
57.
Russia differs from these two countries in a number of important ways, mainly, in terms of population
, in terms of the scale of the economy
, in terms of the structure of the economy, in terms of climate, and in terms of the initial level of carbon intensity of GDP
. Unlike Russia the other two countries have no domestic deposits of hydrocarbon fuels and have to import them. The decrease in the carbon intensity of GDP in Luxemburg and the Netherlands Antilles is an example of a rapid change in the economic specialization of ‘factory countries’ that greatly depend on energy imports, from energy and carbon intensive metal processing and oil-refining industries to provision of banking, financial, consultancy, and tourism services, which do not require major consumption of energy and do not produce carbon dioxide emissions. In the Russian Federation the experience of both Luxemburg and the Netherlands Antilles can hardly be repeated without eliminating a number of sectors of the Russian economy (the iron and steel and nonferrous metals industries, the chemical and petrochemical industries, the wood industry, a significant part of the transportation sector).
58.
High rates of decline in the carbon intensity of GDP (up to 2.5 per cent per annum) were observed in carbon non-intensive countries with high per capita GDP at the height of the oil crisis in the late 1970s and early 1980s. However, neither in terms of economic development, nor in terms of availability of hydrocarbons can these countries be used as proxies to Russia.
59.
A rather rapid decline in the carbon intensity of GDP (by 4.5 per cent per year) occurred under conditions of extraordinary development of carbon non-intensive transition economies in the 1990s. However, these countries again cannot be used as proxies to Russia both in terms of availability of hydrocarbons to domestic economic agents, and in terms of climate.
60.
Moreover, in both of the above cases the high rates of decline in the carbon intensity of GDP were to a large degree caused by a sharp increase in the relative price of energy resources used; a process which has substantially decelerated at present time. Again, in both of these cases the costs of adjusting the countries to the new environment translated into substantial reductions in growth rates, and in many transition economies led to significant reductions of economic potential (Table 6).
61.
Table 5 shows that within the group of countries, which can be used as proxies to Russia, i.e. carbon intensive countries with market-oriented economies and comparable levels of economic development, the rates of change in the carbon intensity of GDP remained positive throughout the whole period of 1971-2001.

4.4.
Forecasting the rate of change in the carbon intensity of GDP by using historical analogies

62.
Modern day indicators of carbon intensity of the Russian economy, i.e. per capita emissions of carbon dioxide and the carbon intensity of Russia’s GDP, are not exceptionally high from a historical perspective. At similar stages in their development (per capita GDP of about US$ 7,000 to US$ 8,000 at PPP in 1999 prices) the USA displayed similar or even higher levels of carbon intensity of its economy (Figures 26 and 27). 

63.
At similar levels of economic development other developed nations also showed higher values of per capita carbon dioxide emissions and carbon intensity of GDP than those in modern day Russia (Figures 28 and 29).
64.
A distinctive feature of Russia is that it is lagging behind substantially in its economic development, and for this reason the cusp in the curve of the carbon intensity of GDP, typical for many developed nations at earlier stages in their development, is taking place in Russia 90 to 120 years later than in these countries (Figure 29).
65.
Nevertheless, the very fact of this time-lag in economic development makes it possible to use the example of the more developed nations, which have already passed this stage in their development, for forecasting the possible curve for the carbon intensity of Russia’s GDP. For these purposes we reviewed the data for the years 1800-2000 for those developed countries where the absolute historic values in the levels of economic development and the carbon intensity of GDP are the best match for modern day Russian indicators, i.e. the USA, Great Britain, Canada, Belgium, and Germany (Table 7). Since, within the time-frame under review, coal served as one of the primary sources of energy, adequate sufficiency in hydrocarbons is another important criterion that matches these countries to Russia in the first half of the 20th century.
66.
It is notable that the declining curves of carbon intensity of GDP in these countries used as historical proxies to Russia prove to be similar and in many ways run parallel to each other (Figure 30). This suggests that the process follows a uniform pattern. The average rates of decline in the carbon intensity of GDP for these 5 countries were 1.3 per cent against the backdrop of per capita GDP growth from US$ 8,000 to US$ 16,000 PPP in 1999 prices (period of time within which per capita GDP doubled).
4.5.
Correlation between rates of economic growth and rates of change in the carbon intensity of GDP
67.
It is perceived by some that higher rates of economic growth are accompanied by an accelerated decline in the carbon intensity of GDP. Consequently, if Russian GDP were to double over a period of 10 years, one should expect accelerated rates of decline in the carbon intensity of Russia’s GDP. However, there is no statistical evidence to back up this assumption (Figure 31). The curve of the carbon intensity of GDP appears to be quite independent of the rates of economic growth.
68.
Countries with high rates of growth usually display either sustained or growing levels of carbon intensity of GDP. Out of 22 cases where GDP doubled over a period of 10 years in 1980-2001 in major oil exporting countries (which can be used as proxies for modern day Russia for the coming decade), in 21 of these growth rates of carbon dioxide emissions proved to be higher than GDP growth rates (Figure 32). This implies that the level of carbon intensity of GDP in these countries increased rather than declined. Indeed, in some countries emission growth rates outpaced GDP growth rates two-fold and even three-fold.

69.
In view of the above one should hardly expect that increased economic growth rates in Russia, including those required to double the GDP within the span of a decade, will be accompanied by an accelerated decline in the carbon intensity of Russia’s GDP. International comparisons indicate rather the opposite.

70.
Nevertheless, changes in the carbon intensity of GDP have a certain impact on the rates of economic growth. A stronger deceleration of the carbon intensity of GDP is accompanied, as a rule, by slower GDP growth, while lower rates of decline in the carbon intensity translate into higher GDP growth (Figure 33). Thus, any progress in reducing the carbon intensity of GDP comes at the price of lower economic growth rates.

71.
Comparisons between countries demonstrate that reductions in the carbon intensity of GDP carry a lot of momentum and are closely connected to the attainment of a certain level in economic and technological development. International comparisons fail to present persuasive examples in favor of the hypothesis that it should be possible to maintain high rates of decline in the carbon intensity of GDP at levels of 4 to 5 per cent per year over a long period of time without any major contraction in economic growth rates. In the last three decades none of the carbon non-intensive countries nor carbon intensive countries have shown examples of doubling the GDP within a decade with rates of change in the carbon intensity of GDP below -3,6 per cent per annum, or below +2 per cent per annum, respectively.

4.6.
Exercises in estimating carbon dioxide emissions in the Russian Federation

72.
On account of the factors reviewed above, including the path of carbon intensity of GDP in 1990-2003 in Russia itself, the curves of carbon intensity of GDP in 1800-2000 in countries comparable to Russia in terms of economic development, the availability of energy resources, the pattern of energy consumption and production, the climate, and taking into account the projected rates of economic growth and the implementation of large-scale (and costly) energy conservation programs, the highest possible rates of decline in the carbon intensity of Russia’s GDP (allowing for the possible impact on growth in 2003-2020 from favorable terms of trade developments) are estimated at below 2.0 per cent per year. International and historical comparisons clearly demonstrate that these rates of decline in the carbon intensity of GDP are both too high and quite ambitious.

73.
Given these rates of decline in the carbon intensity of GDP and the possible scenarios for growth in the Russian economy (GDP growth rates of 5.0, 6.2, 6.7 and 7.2 per cent, respectively) the Russian Federation will most likely exceed its 1990 level of carbon dioxide emissions in 2011, 2009, 2008, or 2008, respectively (Figure 34, Table 8).
74.
Under the first (conservative) scenario for economic growth (average annual rates of GDP growth of 5.0 per cent) the physical volume of surpluses within carbon dioxide quotas that Russian economic agents may sell in the first commitment period under the Kyoto Protocol equals between 134 to 1,592 million tonnes (Figure 35).

75.
Under other scenarios of economic growth there remain no surpluses within the carbon dioxide emission quotas that may be sold internationally within the first commitment period of the Kyoto Protocol. Moreover, under all the other scenarios Russian economic agents may need to buy emission quotas.

76.
Under the first scenario of economic growth (average annual rates of GDP growth of 5.0 per cent) the volume of financial resources, which may be obtained by Russian economic agents by selling their surpluses within the carbon dioxide emission quotas within the first commitment period under the Kyoto Protocol, depending on projected prices of quotas, may amount to several hundred million dollars.

77.
Under other scenarios of economic growth within the first commitment period under the Kyoto Protocol Russian economic agents will require additional financial outlays to purchase carbon dioxide quotas in order to continue their economic operations. Depending on projected prices of quotas the financial outlays of Russian economic agents may amount to billions of dollars.

78.
At the end of the first commitment period under the Kyoto Protocol and irrespective of the economic growth scenario Russian economic agents will need to begin purchasing carbon dioxide quotas internationally, and that will require billions of dollars in cash. Assuming the approval of the EU and British proposal to cut by the year 2050 Russia’s allowed carbon dioxide emission volumes to 60-70 per cent of its 1990 level, Russian economic agents will require hundreds of billions of dollars to finance their international purchases of carbon dioxide emission quotas.

5.
Forecasting the Rates of Economic Growth in Russia

79.
The negative implications for economic growth of the entry into force of the Kyoto Protocol is mentioned by many experts, both Russian and foreign. Nominal GDP contraction in 2010 for EU countries is estimated between 0.12 to 4.8 per cent of GDP in 2010 (Figure 36).

80.
The conditions set forward by the Kyoto Protocol are seen as either difficult or impossible to comply with even by the parties included in Annex B to the Protocol (Figure 37). The greatest economic losses will be incurred by countries, which had in recent years gained the highest rates of growth, including Spain, Ireland, Austria, and Portugal.

81.
The limitations imposed by the Kyoto Protocol are already having an impact on the growing gap in the rates of economic growth between countries that had and that had not accepted commitments to reduce emissions (Figure 38).

82.
The possible ratification of the Kyoto Protocol raises for Russian economic agents the dilemma of either acquiring emission quotas internationally, or coping with forced deceleration (or termination) of economic activity. In either case it will result in higher costs and inevitably lower rates of growth in the Russian economy. Some industries may even face a nominal contraction in output. This may, in particular, affect the energy intensive sectors, which at present enjoy a competitive international advantage and help sustain high rates of growth for the Russian economy. 

83.
The relative robust correlation between GDP growth rates, rates of change in carbon dioxide emissions and rates of change in the carbon intensity of GDP can be expressed by the following formula:
∆GDP = ∆E - ∆CI





(1)


where: ∆GDP is GDP growth rate;


∆E is the growth rate of carbon dioxide emission; and


∆CI is the rate of change in the carbon intensity of GDP.

84.
Transposition of equation (1) allows us to forecast both potential rates of growth in the Russian economy, as well as the rates of growth in emissions required to sustain them:
∆E = ∆GDP + ∆CI





(2)

85.
With projected maximum rates of decline in the carbon intensity of GDP at 2 per cent per year (see Paragraph 72) and in order to reach average annual rates of economic growth of 5.0 per cent, 6.2 per cent, 6.7 per cent, or 7.2 per cent the average annual rates of growth of emissions need to be 3.0 per cent, 4.2 per cent, 4.7 per cent, or 5.2 per cent, respectively:
∆E = 7.2 + (-2.0) = 5.2

86.
If the Russian Federation were to comply with the requirements of the first commitment period under the Kyoto Protocol after it reaches its 1990 level of carbon dioxide emissions, then the rates of growth of Russia’s GDP would be restricted by the rates of decline in the carbon intensity of GDP:
When ∆E = 0,
∆GDP = -∆CI






(3)

87.
It follows that if over the long term the rate of decline in the carbon intensity of GDP is sustained at 2 per cent per year, then the best possible rate of growth for the Russian economy would be limited to 2 per cent per year. 

When ∆CI = -2

∆GDP = - (-2) = 2





(4)

88.
Should the Russian economy fail to maintain an annual 2 per cent reduction in the carbon intensity of GDP, and the actual rates of its decline will prove to be smaller, then the maximum rates of economic growth allowed for Russia (according to the Kyoto Protocol) will prove to be less by just as much.

89.
If Russia fails to ensure an absolute reduction in the carbon intensity of GDP and its rates of change turn out to be positive (i.e., if the carbon intensity of GDP grows), then the rates of economic growth become negative:
When ∆CI > 0

∆GDP < 0






(5)

90.
For example, if the IEA Sectoral for 1990-2001 rates of change in the carbon intensity of GDP (+0.6 per cent per annum) are maintained, then the maximum allowed rates of GDP growth are estimated at -0.6 per cent per year:

When ∆CI = +0.6

∆GDP = - (+0.6) = -0.6





(6)

91.
Assuming the enforcement of the EU and British proposal to cut Russia’s allowed greenhouse gas emission volumes by the year 2050 by 58 per cent compared to its 1990 level, the required average annual emission reduction rates would be equal to -3.5 per cent. In this case if Russia were to maintain it future GDP neutral in nominal terms, this would require measures to cut the carbon intensity of GDP by 3.5 per cent per year:
∆CI = ∆E - ∆GDP
When ∆GDP = 0 and ∆E = -3.5

∆CI = -3.5 - 0 = -3.5





(7)
There are no historical examples of reduction in the carbon intensity of GDP at these rates over an extended period of time (with the exception of Luxemburg and the Netherlands Antilles). 

92.
If this fails to happen and the rates of decline in the carbon intensity of GDP prove to be less than 3.5 per cent per annum (e.g., 2.0 per cent), then this will require a contraction of economic activity in Russia at rates equal to the difference between the rates of emission, imposed by the Kyoto Protocol at subsequent commitment periods, and the rates of decline in the carbon intensity of Russia’s GDP:

∆GDP = -3.5 - (-2.0) = -1.5

93.
Finally, even if the INEI RAN forecast-based scenario, which assumes an improbable reduction in the carbon intensity of GDP of 4.75 per cent per year, does play out, and the EU and British proposals to cut Russia’s allowed carbon dioxide emission volumes by 2050 by 58 per cent compared to its 1990 level are enforced, then the maximum allowed rates of growth in Russia’s GDP would not exceed 1.25 per cent per year:

∆GDP = -3.5 - (-4.75) = +1.25

94.
These rates of economic growth have very little in common with either the scenario of doubling the GDP within a decade, or with the actual rates of growth in the Russian economy over the past 6 years, or as well with the average rates of growth in the world economy in the past 50 years (about 4 per cent per annum).

6.
The Effective Price of Carbon Dioxide Emission Quotas

95.
The creation of the international market for carbon dioxide emission quotas raises the issue of the price of emissions; a price that would be acceptable for the potential seller and desirable by the potential buyer. At present time the actual price of 1 tonne of carbon dioxide emissions in the quotas market is between US$ 3 and US$ 5 per tonne. Traditional forecasts project that actual prices will grow to US$ 15-20 per tonne, while the most daring projections indicate values of up to US$ 50-70 in 2008-2012. What would be an acceptable price for either the seller or the buyer?

96.
An acceptable to the seller effective price of carbon dioxide emissions would be one not lower than the income generated with the alternative use of energy (which, among other things, causes emissions) in the course of producing GDP. The seller finds economic sense in the sale of carbon dioxide emissions only when the actual price of the quotas exceeds their effective price.

97.
In 2003 in Russia the emission of 1 tonne of carbon dioxide was accompanied by energy consumption resulting in the production of US$ 265 worth of GDP. Forfeiting 1 tonne of carbon dioxide emissions would mean forfeiting the use of a given amount of energy, which would result in the production of added value worth US$ 265 dollars. Consequently, the effective price of 1 tonne of carbon dioxide emissions for the seller was US$ 265. By the end of 2004 the price will rise to approximately US$ 300 per tonne. Since in the coming years the GDP in dollar terms is expected to grow in parallel to some reduction in the carbon intensity of GDP, then by 2008-2012 the effective price of quotas will increase to approximately US$ 400-500 per tonne of carbon dioxide emissions. It follows then, that any international sale of carbon dioxide emissions in 2018-2012 by Russian economic agents only begins making economic sense when actual prices reach levels of US$ 400-500 per tonne of emissions. Otherwise carbon dioxide emissions will yield greater benefits to its owners if used to produce added value within the Russian Federation.

98.
If actual prices are below effective prices, then any sale of Russian quotas for carbon dioxide emissions (as well as any investment projects aimed at reducing carbon dioxide emissions in Russia) will translate into direct economic losses to the Russian Federation. The scale of these losses will equal the difference between the effective and actual prices of emissions multiplied by the physical volume of the quota sold (reduction in emissions).

99.
An acceptable to the buyer price of carbon dioxide emission quotas would be the effective price, which would not exceed the buyer’s costs associated with emissions generated in the course of alternative energy use, e.g., in the production of GDP. The acquisition of carbon dioxide emission quotas begins to make economic sense for the buyer only if their actual price is below their effective price.

100.
For example, in 2003 the emission of 1 tonne of carbon dioxide in the European Union (15 countries) would occur as a result of producing approximately US$ 3,300 worth of GDP. Forfeiting 1 tonne of carbon dioxide emissions in the European Union would be tantamount to forfeiting the consumption of a given amount of energy, which would result in the production of added value worth US$ 3,300. Consequently, the effective price of 1 tonne of carbon dioxide emissions for the potential quota buyer was US$ 3,300. By the end of 2004 it will increase to approximately US$ 3,400 per tonne. And in 2008-2012 the effective price of quotas for the buyer within the European Union will increase to approximately US$ 4,000-4,500 per 1 tonne of carbon dioxide emissions. It follows then, that the international acquisition of carbon dioxide emissions quotas by EU economic agents in 2018-2012 will continue to make financial sense until actual prices reach levels of US$ 4,000-4,500 per tonne of emissions. Otherwise, (when actual prices exceed effective prices) the acquisition of carbon dioxide emissions by buyers in European Union countries will be to their economic detriment.

101.
If actual prices are below effective prices, then any international purchase of quotas for carbon dioxide emissions by EU economic agents (as well as any investment projects aimed at reducing carbon dioxide emissions in other countries) will translate into direct economic benefit for EU buyers. The scale of this benefit will be equal to the difference between the effective and actual prices of emissions multiplied by the physical volume of the quota purchased.
102.
In 2004 the band for effective prices of emission quotas, which are acceptable both for Russian sellers and for EU buyers, lies between US$ 300 to US$ 3,400. These numbers indicate the boundaries for average, rather than marginal prices of emissions. Nevertheless, this band provides a certain indication about the possible level of effective prices.

7.
Main Findings
103.
Carbon dioxide emissions are an inevitable by-product of human economic activity at the present stage of its economic and technological development.
104.
The absolute volume of carbon dioxide emissions is a factor of both the absolute size of the GDP and the relative intensity of emissions per unit of GDP, i.e. the carbon intensity of GDP.

105.
The level of carbon intensity of GDP is an important characteristic of one or another country’s level of economic development, structure of its economy, as well as of the availability of hydrocarbon resources to its economic agents. Carbon intensity of GDP, as a rule, is higher: (i) in more developed countries; (ii) in countries with higher sufficiency in hydrocarbons; (iii) in countries with high shares of hydrocarbons in their energy consumption patterns; and (iv) in countries with cold climates. The carbon intensity of GDP, as a rule, has a great degree of inertness.

106.
Rapid declines in the carbon intensity of GDP are often accompanied by deceleration of economic growth.

107.
The effective price of carbon dioxide emissions that would appear acceptable for Russian economic agents has to be above the value of income generated through alternative uses of these emissions, for example, in the production of GDP.

108.
If actual prices of carbon dioxide emissions are lower than their effective prices, then any sales of quotas by Russian economic agents (as well as any investment projects aimed at reducing carbon dioxide emissions) would be to the economic detriment of the Russian Federation.

109.
According to the majority of realistic medium-term scenarios of growth in Russia emissions of carbon dioxide in the Russian Federation will exceed their 1990 level some time before the end of the first commitment period under the Kyoto Protocol in 2008-2012.

110.
If the Russian Federation ratifies the Kyoto Protocol the country’s financial losses in the first commitment period may amount to dozens of billions of dollars, and to hundreds of billions of dollars in subsequent commitment periods.

111.
There are no reasons for large-scale foreign investments in Russia in connection with the possible ratification of the Kyoto Protocol.

112.
Assuming a stable and rather rigid link between rates of economic growth and rates of carbon dioxide emissions, the limitations imposed by the Kyoto Protocol vis-à-vis volumes of carbon dioxide emissions, would unavoidably constrain the scale of economic activity and, therefore, rates of growth in the Russian economy.

113.
A possible ratification of the Kyoto Protocol by the Russian Federation, would, at the least, imply a substantial deceleration of its economic growth rates. Assuming the enforcement of the EU and British proposals to restrict carbon dioxide emissions in subsequent commitment periods under the Kyoto Protocol, an absolute reduction of the economic potential of Russia becomes quite likely. Improved welfare of Russian citizens, including higher standards and quality of life, and the implementation of environmental and other projects, shall become impossible.

� Germany was able to achieve this to a large extent due to significant reductions of industrial output and energy consumption in the former East Germany part of the country.


� Carbon intensity of GDP needs to be distinguished from the carbon intensity of fuel, which is defined as the weight of carbon dioxide emitted during the combustion of one unit of organic fuel.


� The classification uses data for 124 countries which in 2000 produced 86 per cent of world GDP and generated 83 per cent of world emissions of carbon dioxide. Carbon dioxide emissions data is available from the International Energy Agency (1971–2001).


� See Table 1 for listing of countries by group.


� In 1971 the population of Luxemburg was 345 thousand; the population of the Netherlands Antilles Islands was 160 thousand. In 2003 the population of Russia was about 145 million.


� In 1971 the GDP of Luxemburg was equal to US$ 5.2 billion; the GDP of the Netherlands Antilles Islands was US$ 1.5 billion. In 2003 the GDP of Russia was US$ 1,160 billion at PPP in 1999 prices.


� In 1971 the carbon intensity of GDP of Luxemburg was 3.0 kgs/dollar; the Netherlands Antilles Islands had carbon intensity of GDP of 9.9 kgs/dollar at PPP in 1999 prices. In 2003 in Russia the carbon intensity of GDP was 1.4 kgs/dollar at PPP in 1999 prices.
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