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Abstract 

Even with substantial uncertainty over the timing and magnitude of climate change, the potential 
impacts pose significant risks to long-term global economic development. This paper reviews relevant 
literature on economic effects of climate change with respect to Russia, which faces physical risks as 
well as risks created by the transition to a low-carbon economy. Most risks arise from the orientation 
of Russian production and exports to carbon-intensive sectors, particularly oil and gas. Nevertheless, 
Russia has shown little ambition in addressing risks related to climate change. 
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1. Introduction 

While climate change is widely regarded as a serious risk, the Russian government and Russian 
society have long been sceptical towards climate change in general, and especially the contribution 
of human activity to climate change. Russia often treats climate change as a subset of issues within 
the spheres of foreign or security policy. Awareness and recognition of climate-related risks have 
increased in recent years, but climate issues still garner low policy priority. Russia only gave official 
acceptance to the Paris agreement in October 2019, making it one of the last of the major carbon-
emitter countries to do so (Kokorin & Korppoo, 2017; Makarov et al., 2018; Paramonova, 2020; 
Tynkkynen, 2019). 

Russia introduced its first national climate doctrine in 2009. The accompanying and 
complementing policy documents that followed were fairly general and aspirational in nature. They 
set forth an overall framework for climate policy, but lacked specific measures or details on practical 
implementation. Climate issues and their associated risks also have been included in various policy 
doctrines (e.g. security) over the past decade. In spring 2020, the Ministry of Economic Development 
presented a draft version of "The strategy of the long-term development of the Russian Federation 
with low level of GHG emissions until 2050" (hereafter, Low emission strategy 2050).The strategy 
aligns with Russia’s modest national targets under the Paris agreement. 

Risks related to climate change have received more attention in Russia’s financial sector. The 
Bank of Russia (BoR), for example, joined the recently established international cooperation group, 
the Network of Central Banks and Supervisors for Greening the Financial System (NGFS). The BoR 
wants to stimulate public debate on climate issues through publications that discuss climate risks to 
the financial sector and aspects related to green financing (BoR, 2019 and 2020). 

In this paper, we present a brief overview on the literature related to the economic effects of 
climate change,1 specifically focusing on the economic effects for Russia. We also discuss the risks 
posed by climate change to Russia’s economic development and Russia's preparedness to respond to 
challenges related to climate change. The paper is structured as follows. Section 2 summarizes some 
of the main aspects of climate change globally and in Russia. Section 3 reviews the literature on 
economic effects of climate change. Section 4 discusses possibilities of the Russian economy to adjust 
for climate risks. Section 5 concludes. 
 
2. Climate change and Russia 

Very simply put, climate change in the current discussion typically refers to rise of the average global 
temperature and various environmental phenomena viewed to follow from this warming, like rising 
sea levels and increased frequency of extreme weather events. The IPCC (2018) estimates that global 
average temperature has increased by about 1 °C since pre-industrial times. The average global 
temperature is presently estimated to be increasing by about 0.2 °C per decade. In Russia, warming 
is much faster than the global rate, i.e. an estimated average of 0.45 °C per decade and 0.8 °C per 
decade in the Arctic region (Roshydromet, 2017). 

The dominant cause of the rise in temperature has likely been the increased concentration of 
greenhouse gas (GHG) emissions arising from human activities (IPCC 2018). As atmospheric 
concentrations of GHGs rise, global temperatures rise. Although researchers have yet to specify the 
exact severity or time horizon for emission accumulation, concentrations of GHGs and other 

                                                 
1 We focus only on economic effects, although climate change can have much wider severe consequences e.g. on human 
health and mortality.  
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pollutants could eventually surpass a tipping point with irreversible consequences. CO2, in particular, 
accumulates in the atmosphere and accounts for the largest share of GHG emissions arising from 
human activities.2 As the means for removing CO2 from the atmosphere are limited, the only way to 
avoid reaching this critical limit is to reduce emissions caused by human activity to zero. 

Without mitigation measures, the IPCC foresees the increase in carbon emissions will raise the 
average global temperature by 3–4 °C compared to pre-industrial times by the end of this century. To 
avoid reaching a tipping point, climate experts want to constrain the increase in average global 
temperatures to a level 1.5–2 °C above the pre-industrial baseline. Most countries committed to this 
target in the framework of the 2015 Paris agreement. The IPCC says that mankind will have to attain 
zero net carbon emissions globally by around 2070 to stay within the 2 °C limit. Any delays in 
emission cuts imply sharper and deeper cuts later as that deadline approaches (ESBR, 2016). 

Russia is a top CO2 emitter both in absolute and per capita terms. Russia accounts for about 
5 % of global emissions (Figure 1, panel A). As elsewhere, Russia’s GHG emissions are mainly 
caused by energy use (Figure 1, panel B). Half of energy-related emissions in Russia originate from 
energy-producing industries, 15 % from transport and 10 % from manufacturing and construction 
activity. Within the manufacturing sector, the metal and chemical branches account for the largest 
shares of emissions. 

 
Figure 1. Panel A: The distribution of global CO2 emissions by country in 2014. Panel B: The distribution of 
Russia’s GHG emissions by sector in 2017. 

 
Sources: Worldbank, UNFCCC. 
 
The substantial decline in Russian GHG emissions in the 1990s reflects a massive contraction in 
output and economic restructuring that occurred in the wake of the Soviet Union’s collapse. 
Emissions have increased slightly in recent years, but still are only about half of the level of 1990,3 
the base year for contributions laid down in the Paris agreement for Russia and most other countries. 
Russia gave formal acceptance to the Paris agreement last year and targets restricting its GHG 
emissions in 2030 to 70–75 % of the level of 1990. Indeed, Russia’s Low emission strategy 2050 
allows for emissions to rise throughout the upcoming decade (Figure 2).4 

                                                 
2 For simplicity’s sake, the discussion here concentrates on CO2 emissions, recognizing, of course, the relative 
contributions of all greenhouse gases. According to the UNFCCC, CO2 emissions accounted for 76 % of Russia’s total 
GHG emissions in 2017. 
3 Including land use, land use change and the forestry sector (LULUCF); without LULUCF the level is about two-thirds 
the 1990 level. For more discussion on the role of LULUCF in the case of Russia, see e.g. Kokorin & Korppoo (2017). 
4 Nationally Determined Contributions (NDCs) under the Paris agreement vary across countries. For example, China’s 
targets call for peak CO2 emissions by 2030 and a decline thereafter. The US initially aimed at a reduction of 26–28 % of 
GHG emissions by 2025 compared to 2005 level, but has decided to withdraw from the Paris agreement effective in 
November 2020. The EU initially committed to cut GHG emissions by 2030 by at least 40 % compared to the 1990 level. 
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Figure 2. Russia’s GHG emissions (incl. LULUCF) and the expected trend under the base scenario 
of Russia’s Low emission strategy 2050. 

 
Sources: UNFCC, Russia’s Ministry of Economic Development. 
 
3. Economic effects of climate change  

The potential economic effects related to climate change can be divided into physical and transitory 
risks. Physical risks arise from the climate-related hazards that affect human systems. Physical risks 
extend from extreme weather events such as hurricanes to gradual effects from global warming. 
Transitory risks arise from a society’s shift to a low-carbon economy. Policy measures to curb carbon 
emissions are a key source of these risks (Batten et al., 2016). 

 
3.1 Physical risks: Extreme weather events 

Climate change has been linked to an increase in the frequency and severity of extreme weather events 
and natural disasters such as windstorms and floods. For an economy, extreme weather events can 
cause negative supply shocks by destroying crops, buildings and infrastructure. Negative demand 
shocks can also arise through diminished household wealth or damage to the physical and financial 
assets of companies that reduces consumption and business investment. On the other hand, 
reconstruction efforts after a severe weather event can create a positive demand shock (Batten et al., 
2020). 

The empirical literature on economic effects of extreme weather events and natural disasters 
implies that on average they have a negative short-run effect on economic growth due to loss of 
productive capacity. The empirical evidence on longer-run effects is somewhat scarce and mixed, but 
a few studies imply that the negative effects can be persistent. Negative effects are more pronounced 
for developing countries, which apparently reflects an ability of developed economies to cushion 
                                                 
In 2020, the EU submitted to the UNFCCC its long-term strategy that includes a further target of zero net GHG emissions 
by 2050. 
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disaster impacts with public-sector support measures (Batten et al., 2018; Cavallo & Noy, 2010; Dell 
et al., 2014). 

Extreme weather events affect agriculture in particular. Most studies find that weather shocks 
have adverse and often quantitatively substantial effects on agricultural output (Dell et al., 2012; Lesk 
et al., 2016). Crop destruction due to extreme weather events may even cause an increase in global 
food prices. Although there seems to be considerable heterogeneity as to the inflation impacts of 
natural disasters, the effects are likely significant at least in developing economies (Parker, 2016; 
Heinen et al., 2018). 

Extreme weather events also pose risks to the financial sector. Global weather-related disasters 
generated a record USD 320 billion in economic damage in 2017. Insurance companies face distress 
from increased claims due to the higher frequency and severity of extreme weather events. Uninsured 
losses due to natural disasters may reduce the value of collateral such as real property used to secure 
loans. A negative economic shock can raise the amount of non-performing bank loans. (Andersson et 
al., 2020; Batten et al., 2016; Bolton et al., 2020; NGFS, 2019) 

As elsewhere, Russia has experienced an increase in the severity and frequency of extreme 
weather events in recent decades (Roshydromet, 2017). During the 2010s, for example, the total costs 
of severe extreme weather events are estimated to total around USD 7 billion, with the largest losses 
arising from wildfires, droughts, heat waves and flooding (EM-DAT, 2020). The heatwaves and 
droughts in 2010 and 2012 cut Russia’s grain production substantially and pushed up cereal prices on 
global markets (Batten et al., 2020; Safonov & Safonova, 2013). 

 
3.2 Physical risks: Gradual changes 

The main long-term physical risk related to climate change is global warming5. Higher temperatures 
can affect the productive capacity of an economy through various channels. A hotter climate can 
reduce the productivity of natural capital (e.g. agricultural production) and labor. It can also require 
adaptive investment (e.g. in air conditioning) that reduces the pool of resources available for 
investment in productive capital and productivity-improving research and development (Batten et al., 
2020). 

The findings from the literature on global warming suggest that an increase in the average 
temperature tends to have a negative effect on the economy (Dell et al., 2014). The effect seems to 
be non-linear with the threshold evaluated at around 15 °C (Burke et al., 2015; IMF, 2017). If the 
average annual temperature of a region exceeds 15 °C, an increase in the average temperature has a 
negative effect on the economy. 

In quantitative terms, recent surveys show that the roughly 40 estimates considered most 
relevant suggest that a 3 °C increase in the global average temperature leads to 2–10 % lower level 
of global GDP compared to a baseline with no global warming (Howard & Sterner, 2017; Nordhaus 
& Moffat, 2017; Tol, 2018). Burke et al. (2015), notably, evaluate the loss at about 20 % from the 
baseline. Most climate scenarios, however, suggest that it will take six or seven decades to reach this 
magnitude of warming assuming no mitigation measures are taken. 

With the exception of a handful of regions in southern Russia, the average annual temperature 
in Russian regions is well below the 15 °C threshold. Therefore, studies that report estimates for 
Russia separately tend to find that at least a moderate increase in the average annual temperature 
would have a slightly positive effect on Russian economy (Burke et al., 2015; IMF, 2017; Kahn et 
al., 2019; Leppänen et al., 2017; OECD, 2015; Roson & Sartori, 2016). The positive effect reflects 
e.g. reduced space-heating costs and increased possibilities for agricultural production. Certain 
                                                 
5 We focus only on global warming as research on economic effects of other gradual changes is scarce and results tend to 
be vague (Dell et al. 2014).  
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models factor in higher inward tourism flows due to more favourable climatic conditions. If global 
warming continues without any mitigation measures, however, this could lead to a roughly 10 % drop 
GDP per capita in Russia by 2100 compared to the trajectory with temperature stabilization (Kahn et 
al., 2019). 

The uncertainty related to these estimates is extremely high, especially with respect to longer 
time horizons and larger temperature rises. The standard modeling approach for economic effects of 
global warming (Integrated Assessment Models or IAMs) has been strongly criticized. For other 
models, it is uncertain as to how well historical short-term weather variations are applicable in 
forecasting long-term warming trends. (Batten et al., 2018; Dell et al., 2014; Pindyck, 2017)  

There is also much uncertainty related to estimates for Russia, especially as all effects cannot 
be taken into account in standard modeling frameworks. A key example of this in the case of Russia 
is melting of the permafrost layer, which covers over half of Russian territory (Roshydromet, 2017). 
Permafrost melting can cause substantial damage to buildings, roads, pipelines and other critical 
infrastructure in the northern parts of the country, and can impede production and transport of oil and 
gas which are largely located in Russia’s permafrost areas. 

 
3.3 Transition risks 

Transition risks refer to effects arising from the shift to a low-carbon economy. A key source of 
transition risks are policies implemented to achieve the reduction. Mechanically, there are three ways 
to reduce carbon emissions: reduce production, reduce energy intensity of production or reduce 
carbon intensity of energy production (Batten et al., 2018). As the latter two alternatives are less 
costly in economic terms, so governments tend to adopt policies that concentrate on improving overall 
energy efficiency and reducing the use of carbon-intensive energy sources such as coal and oil. 

From an economic perspective, carbon emissions are a negative externality. The social costs 
associated with carbon-intensive products are much higher than the nominal price paid by producers 
and consumers. A key policy objective is to price carbon emissions in a way that reflects the long-
term costs to society. The most widely proposed economically optimal policy solution is the carbon 
tax. In practice, however, it is extremely difficult to estimate the appropriate level of the tax, i.e. the 
social cost of carbon (SCC). Estimates vary hugely across models and even within models as 
assumptions change (Auffhammer, 2018; Nordhaus, 2018; Pindyck, 2017). 

Despite the difficulties related to the optimal tax design, several countries and regions have 
developed policy measures for pricing carbon, e.g. the EU’s emission trade system (ETS). There are 
also several other (primarily fiscal) policy measures geared to climate change mitigation. These 
include subsidies and credit guarantees to support low-carbon investment, direct public spending on 
e.g. infrastructure that supports the shift to a low- carbon economy and regulation restricting use of 
carbon and carbon-intensive products (Andersson et al., 2020; Krogstrup & Oman, 2019; Pigato, 
2019). 

Transition risks are important to financial markets as the transition to a low-carbon economy 
would imply that many carbon-intensive assets become stranded or obsolete. The estimates on the 
global value of stranded assets typically vary between USD 1 to 4 trillion, and Russia is among the 
countries subject to the largest losses in terms of stranded asset values. If transition risks are not 
currently fully taken into account in the financial markets, their realization could sharply impact the 
market value of oil and gas companies, as well as other companies involved in carbon-intensive 
production. Negative effects could spill over further to the financial sector through corporate debt 
markets. Uncertainty related to the quantitative estimates is very high in this case, and market 
assessments are rather vague on valuation of assets at risk of becoming stranded (Andersson et al., 
2020; Bolton et al., 2020; Mercure et al., 2018). 
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Regarding Russia, transition risks related to domestic policies seem quite modest for the near 
term. As noted above, Russia’s targets on curbing carbon emissions are unambitious and allow for 
emissions to rise at least through the end of this decade. Although legislation is under preparation, 
CO2 emissions remain unregulated by the state. Introduction of a carbon-pricing scheme is not on the 
agenda, but has been mentioned in the Low emission strategy 2050 (Mitrova et al., 2020). 

Transition risks arising for Russia from climate policies of other countries are more significant. 
If most countries pursue their Paris agreement commitments, demand for carbon-intensive products 
will decrease. As illustrated by the discussion within the EU on potential border-adjustment measures 
for carbon, many countries are planning tighter carbon pricing policies. This could hamper Russian 
exports significantly, especially as the EU is a key export market for Russia (Mitrova et al., 2020; 
Simola, 2020). 

Russian exports are heavily focused on energy and other carbon-intensive sectors. Carbon-
intensive products such as mineral fuels, metals and wood account for about 80 % of Russian goods 
exports – and there has been little change in their composition over the past two decades (Figure 3, 
panel A). In 2018, the value of these exports was USD 360 billion (22 % of GDP). The literature also 
suggests little progress in diversification, complexity or quality improvements in Russian exports 
over recent decades (Gylfason, 2018; Lyubimov, 2019; Worldbank, 2019). The average carbon 
intensity of Russian exports is many times higher in all industrial sectors compared to the EU average 
(Figure 3, panel B). 

 
Figure 3. Panel A: Product structure of Russian goods exports in 2000–2019. Panel B: Carbon intensity of 
Russian exports in comparison to EU average in select sectors in 2015. 

  
Sources: CEIC, OECD. 
 
Due to its export structure and technological deficiencies, Russia is among the top countries in the 
world in terms of carbon intensity of exports (Makarov & Sokolova, 2014). This situation may further 
erode the already poor competitiveness of Russian goods, especially in EU markets. One recent 
estimate claims that the export losses resulting from other countries fulfilling their Paris agreement 
targets could reduce Russian GDP growth by 0.2–0.5 % annually through 2050 (Makarov et al., 
2018). The negative effects would hit certain regions heavily focused on production of raw materials 
such as coal particularly hard (Piskulova et al., 2013; Makarov et al., 2018). 

Transition risks have potentially substantial implications for Russia's financial markets as 
carbon-intensive companies account for a significant share of Russia’s corporate sector. According 
to the latest rating by the Russian journal Expert, oil, gas and coal companies accounted for a third of 
the combined net sales of Russia’s 400 largest companies in 2018, while metallurgical companies 
accounted for an additional share of almost 10 %. The weight of oil & gas sector companies In 
Moscow stock exchange broad market equity index is nearly half, and the weight of metal and mining 
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companies close to 20 %. Russia’s ten largest exporters are companies involved in oil, gas, coal or 
metals. 

The Russian banking sector has a large exposure to carbon-intensive sectors. Although the most 
carbon-intensive sectors account for 35 % (about 13 trillion rubles) of the total corporate loan stock,6 
the potential indirect risks could be even more severe. Risks also extend to public sector finances as 
the state has substantial stakes in the largest Russian oil and gas companies. Tax and tariff income 
from oil & gas production and exports account for over 20 % of total public sector income in Russia. 
 
4. Russia’s adjustment possibilities 

Regardless of Russia’s preferences, global developments in climate policy could force Russia to give 
higher priority to climate issues. If other countries choose to shift to a low-carbon economy, Russia 
must follow at least to some extent. A gradual transition process leaves more time for adjustment, but 
long delays could lead to sudden or sharp policy changes with substantial adverse effects on carbon-
intensive sectors, especially production of hydrocarbons (ESRB, 2016). While progress so far has 
been sluggish, Russia has potential to adjust through reducing carbon intensity in its energy sector, 
reducing energy intensity of production and diversification of its economy. 

 
4.1 Energy supply and energy efficiency 

Combustion of hydrocarbons meets roughly 90 % of Russia’s primary energy demand (Figure 4, 
panel A). Natural gas, which has lower emissions than other hydrocarbon fuels, provides the bulk of 
this energy. Oil is mainly used by the transport sector and coal for power generation and by certain 
industries. Hydropower, bioenergy and other renewable energy sources account for about 3 % of 
primary energy consumption. No major changes in the Russian energy mix are planned in the next 
decade-and-a-half according to the recently approved energy strategy up to 2035. The strategy sees 
only a slight increase in renewable energy sources. In principle, there is huge potential for renewable 
energy production and even exports in Russia, but the costs are still much higher compared to 
traditional energy sources (IRENA, 2017; Potashnikov et al., 2018). 
 
 
 
 
 
 
 
 
 
 
 

                                                 
6 The figures refer to end-March 2020. Carbon-intensive sectors include mining and quarrying, manufacturing of coke 
and petroleum products, manufacturing of paper and paper products, manufacturing of chemical products, manufacturing 
of other non-metallic minerals, manufacturing of metals and metal products, agriculture, electricity, gas and water supply, 
and transport and communications. The Russian figures may be slightly biased upwards due to the lack of more 
disaggregated data. For comparison, the share of carbon-intensive sectors in the assets of the Dutch banking sector was 
11 % in 2016 (DNB, 2017) and in the corporate loan stock of the Finnish banking sector 19 % as of end-June 2019 (Ala-
Kiuttu & Tiililä, 2019). 
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Figure 4. Panel A: Russia’s primary energy consumption in 2018. Panel B: Energy intensity trends in select 
countries from 1995 to 2015. 

  
Source: IEA. 
 
Regarding energy efficiency, the energy intensity of Russian GDP (amount of energy needed to 
produce one unit of output) has almost halved since mid-1990s (Figure 4, panel B). Still, energy 
intensity is nearly the highest among middle- and high-income countries. The energy intensity of 
Russia’s most important products is 1.5 to 4 times higher than that of best-practice countries (MoE, 
2020). There is much potential for energy-efficiency improvement in Russia, especially in its 
industrial and residential sectors (IRENA, 2017). Improving energy efficiency of power generation, 
industrial production and buildings is mentioned in Russia’s Low emission strategy 2050 as the main 
means of restricting carbon emissions in the next decades. In 2018, investment in energy saving and 
energy efficiency amounted to a mere 0.2 % of GDP (MoED, 2020). Some large Russian corporates 
have, at their own initiative, devised climate strategies and plans for emission reduction to retain their 
positions in international markets (Mitrova et al., 2020; Paramonova, 2020). 

 
4.2 Diversification 

Diversification of Russia’s economic structure away from hydrocarbons has been a long-standing 
goal of Russian economic policy as a means of reducing exposure to commodity price swings. 
Russia’s current national development goals for 2030 also include a target for increasing non-energy 
exports. Again, as noted above, success of diversification policies has been modest to date. 
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global transition away from hydrocarbon energy sources as a concern for the distant future. 
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anticipating generally much stronger growth (Table 1).7 Note specifically that the IEA sustainable 
development scenario is aligned with Paris agreement targets. It foresees a large decline in demand 
for all major hydrocarbon fuels except natural gas. Moreover, growth in natural gas demand growth 
occurs mainly in Asia. Shifting gas deliveries to Asia would require additional investment from 
Russia. Russia’s current export capabilities to Asian markets are limited. Judging just from the view 
taken in Russia’s energy strategy, it seems that the government is unprepared to deal with major shifts 
in global energy demand. 

 
Table 1. Comparison of growth scenarios for global hydrocarbon demand in IEA WEO 2019 and growth 
scenarios of Russian hydrocarbon exports in Russia’s energy strategy to 2035. 

Volume change in 
2018–2035, % 

IEA WEO 2019 
Global demand 

Russia’s energy strategy 2035 
Russian export volume 

 
Stated policies Sustainable 

development 
High case Low case 

Crude oil 8.8 -21.8 -3.3 -6.5 
Gasoline -0.8 -36.6 373.8 326.2 
Diesel 9.7 -24.3 80.8 52.9 
Natural gas  27.3 2.0 97.8 46.8 
Coal -0.2 -49.0 86.4 22.2 

 Note: IEA Sustainable development figures are extrapolated to 2035 linearly from the reported figures for 2030 and 
2040. 
 
5. Conclusion 

Despite substantial uncertainty on the timing and magnitude of potential impacts from climate 
change, there are considerable risks to global development and Russia's economic development 
specifically over the longer horizon. Climate experts appeal to governments to take decisive 
preventive measures to deal with global warming in the near term to avoid reaching a potential tipping 
point with irreversible consequences. They note that delaying measures today may force even more 
abrupt and unpleasant policy changes later, making adjustment more difficult. 

Climate issues have never had high priority in the Russian policy agenda. The consequences of 
climate change are often considered modest and applicable to a few regions. Indeed, the current 
literature suggests that Russia is among the countries that are less exposed to direct economic 
consequences from physical risks related to climate change, but these results are subject to 
considerable uncertainty. Regardless of Russia’s own interpretation of the situation, its economy is 
highly vulnerable to the risks posed by the transition to a low-carbon economy. Implementation of 
ambitious climate policies in other countries could substantially reduce demand for Russian exports 
and hamper the availability of foreign financing for Russian companies. 

Russia’s economy has traditionally rested upon high energy intensity, and renewables still play 
a minor role in the energy mix. Russian exports largely involve carbon-intensive sectors, especially 
oil, and the average carbon intensity of all exports is high due to antiquated production technologies. 
Russia has possibilities to adjust to the potential global shift towards a low-carbon economy and 
climate issues lately have received more attention in policy discussions. Previous development 
strategies also mention diversification of the economy as an important goal, but progress has been 
modest. This issue is getting more pressing, however, as the vulnerabilities of the Russian economy 
to climate change become more apparent. 

                                                 
7 Russian energy strategy to 2035 predicts the volume of crude oil exports to decline, but only because it assumes that 
more crude oil will be refined domestically to make higher-value petroleum products for export.  
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