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1. INTRODUCTION 

Emission taxes have been used as an air pollution management tool for quite a long time. However, this 
system has become widespread only in post-socialist countries. For example, in Russia emission charges 
have been established for over two hundred various substances. No other country has such a voluminous 
system. At the same time, analysts point out its low stimulating impact on polluters, and express doubts 
about the future of the system of pollution charges. Everyone understands that the system needs 
reforming, but the question remains how to do it. 

A number of papers describe, in sufficient detail, the current system of charges in Russia. (A verchenkov 
et al. 1994; Kolstad, Golub 1993, etc.). However, there is practically no research which gives a 
quantitative assessment of various reform scenarios or which forecasts the consequences of reform 
strategies. 

The present paper is designed to fill this gap in the literature. Based on the existing aggregate model of 
the Russian economy, this paper studies various reform scenarios for the system of air pollution charges 
and evaluates the consequences of their application over the next several years (2010). The model has 
already been used in Russia for other reasons (Gurvich, Golub, et aI, 1996). 

When studying the payment system reform issue, we tried to answer the following questions: 

• What will the emissions curve be if the current system is left unchanged and charges are adjusted to 
be on a par with inflation? 

• What level of emissions charges would be necessary to have a stimulating impact on the polluter? 

• What economic effects will the possible transformation of the payment system produce; how will the 
performance of various industries change; how will the tax burden change; and what will its 
distribution among industries look like? 

• How can the payment system be changed to have a stimulating impact on the polluter, and how can 
realistic tasks be formulated with respect to raising the payment rate? 

• Can the present system of charges be simplified, and if so, what effects will such simplification 
have? 

• If the simplification means a sharp reduction in the number of controlled polluters, which should be 
selected for continued control? 

• Are there reasons to introduce a CO2 tax in Russia? 

In this paper we attempt to answer these and other related questions. 

2. CURRENT SYSTEM OF ENVIRONMENTAL MANAGEMENT 

The system of environmental management has been formed in Russia over the last 25 years. There are 
two main periods of its development: . 

1. Administrative period, in which a number of legislative acts on environmental protection and natural 
resource use were adopted from 1964 to 1980. 
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2. Introduction of economic tools into environmental management practice after experimenting with 
pollution charges in 1989-1990 and under the new Environment Protection Act (1992). 

We discuss a few elements of the current system of environmental management below. A more detailed 
description is presented in (Golub, Strukova, 1994). 

• The system of environmental quality standards. The most important are Maximum Allowable 
Concentrations (MACs) of hazardous substances in the atmosphere (water reservoirs, soils). These 
standards established maximum values for one-time concentrations and daily average concentrations. 
Air quality standards are divided into two divisions, one set of standards for residential areas and one 
set of standards for industrial areas. Standards for industrial areas are stricter than those for residential 
areas. Introduced in 1969, MAC standards complied with medical requirements and were very severe. 
For example, the MAC for 802 according to G08T (state standard) is 0.05 mg/m3

, as compared to 
0.26 mg/m3 in the US; (more examples of MAC's for various substances can be found in A. Golub, 
E.Strukova, 1994, page 168). Such strict standards were practically unattainable. Based on these 
values for MACs, Maximum Pennissible Levels of Emissions (MPLs) for enterprises (stationary 
sources of pollution) were established. Standards for concentrations of harmful substances in 
emissions from mobile sources were also set. However, in practice only automobile emissions of CO 
have been controlled. MAC standards were applied to both new enterprises and already operating 
ones. They were detennined by the State Hydro-Meteorological Committee and the Ministry of 
Public Health. The strictness of the standards was offset by the lack of compliance. The most obvious 
example is the calculation of an MPL, which does not take into account background pollution, the 
distribution of emissions or the total amount of emissions from other companies. Therefore, real 
concentrations of harmful substances in the atmosphere exceed MAC's significantly. In addition, 
MPL's are difficult to use because according to legislation maximum allowed emissions are 
established for each source of emissions, that is, for each pipe. There are companies which have 
dozens of pipes, and the standards are set for each of them respectively. However, it would be more 
practical to consider the factory as a point source using the bubble principle. The analysis of this 
standardization system is a separate issue which is beyond the scope of our research. It is necessary to 
point out that many companies were not and are still not able to reach the MPL emissions. Therefore, 
following the introduction of these standards, Temporary Standards (TSP) were introduced and 
became the real emission control tools. We will show below that they played a significant role in the 
process of the introduction of pollution charges. 

• The system of pollution fees. From 1991 fees for air emissions, water discharges and solid wastes 
became the main element of environmental management in Russia. The rate of the fees was fixed by 
the State Authorities (Resolution of the Russian Federation Council of Ministers as of January 9, 
1991) per unit of emissions of the hazardous substances. There were two types of charges rates for 
water and air pollution: for discharges within the appropriate MPL and for emission above MPL. 
Penalty fees for emissions above MPL were 5 times higher than the base rates. As a result of the 
indexation carried out in 1993, a three-tiered system of charges was fonned in practice 
(Averchenkov et aI., 1994, pages 281-337, where new payment rates and instructions for their 
application are given). Charges for emissions within the MPL, charges for emissions that exceed the 
MPL but meet the Temporary Standards and charges for emissions that exceed the TSP's. Only the 
first two kinds of charges are relevant to our further research. Due to the drop in production output 
practically all companies are in compliance with the Temporary Emissions Standards. 

• The system of environmental funds. The system of environmental funds was fonned concurrently 
with the system of emission charges. These charges have become the main sources of income for the 
funds. 10% of the collected charges go to the federal budget. The remaining 90% are distributed as 
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follows: 0.6 of the amount goes to district environmental funds, 0.1 goes to the federal fund and 0.3 
stays with the regional fund. 

• Tax policy. Though there is a special provision in the Environmental Protection Law about tax 
discounts for firms undertaking abatement activity, it is not implemented in practice. The same is 
true for the additional taxes for environmentally hazardous types of productions and goods. Any 
attempts of Environmental Authorities to enact tax discounts or additional taxes meet acute 
resistance from the Ministry of Finance or the industrial lobby in the Parliament, respectively. The 
only benefit which exists in practice is the reduction of charges by the amounts invested by the 
company into nature protection. 

2.1 The System of Pollution Fees 

An experiment with pollution charges was conducted in a number of Russian regions in 1989-1990. The 
main emphasis in the present study is given to pollution fees for emissions into the ambient air, which is 
discussed in more details below. The system of pollution charges was enacted throughout all of Russia 
in 1991. The charges were introduced after examination of the results of the experiment. For more 
details see (Golub, Strukova, 1994; National Academy of Public Administration, 1993). 

Pollution charges are collected for emissions within and above MPL. Table 1 exemplifies pollution fee 
rates to be paid for emissions into the ambient air. 

Table 1. Pollution Charge Rates for Some Air Pollutants in 1996 (per ton) 

exch.rate) exch.rate) 

From 1990 to 1992, the system of charges was based on two rates, temporary standards were used as the 
allowed emission limit, and then, on January 1, 1993, irregular indexation of emission charges was 
carried out resulting in a system based on three different rates. Emissions which previously had been 
within temporary standards were divided into two categories: emissions within maximum allowed 
emissions (MPL) and emissions from maximum allowed emissions to the temporary limits. The rate for 
the first ones was indexed by 5 times (the charge established in 1991 as per Resolution No. 13 as of 
January 9 was increased 5-fold), and the rate for the second category (above maximum allowed 
emissions (MPL) but below the temporary limits) was increased by 25 times. 

So the burden of pollution charges depends on a number of factors: 

• Quantity of emissions exceeding MPL; 
• amount of tax credit; 
• rate of pollution fee. 
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The first and second factors are specific for each case, while the third (rate of pollution charges) is 
standard. Federal Environmental Authorities fix basic rates of pollution charges. Regional Authorities are 
allowed to make slight changes. This system was defined in the aforementioned regulatory material 
(Averchenkov et aI., 1994). First of all, adjusting factors, by which the payment rate is multiplied, are 
applied in practice. These have been established for 11 large regions. The highest factor, 2, is established 
for the Urals Region, and the lowest, I, is established for the Far East (Averchenkov et aI., 1994, pages 
302-303). Regional environmental authorities also have the ability to keep the charge rates for certain 
users of natural resources at the old level or of making users totally exempt (the provisions are made in 
the corresponding chapter of the Instructions for the Collection of Charges (Averchenkov et aI., 1994, 
pages 322 - 323). Finally, if accepted by the federal authorities, a region can introduce its own 
indexation factor, although regions rarely use this possibility. 

As mentioned earlier, harmful emissions have significantly dropped due to the fall in production output. 
Temporary standards (or the emission limits) were structured to be 10-20% lower than the actual 
emission level. As a result, when production fell practically all companies were in a situation where their 
emissions did not exceed the temporary limits (TSP's). Therefore, when simulating the system of charges 
in our further research, we will take the two-tiered system into consideration. 

Since their introduction the rates of pollution charges have been corrected several times. Special 
correcting coefficients for the basic rates, approved by decision of the Russian Council of Ministries (No. 
13 from January 9, 1991), are adopted one or two times a year. The calculation of charges introduced on 
January 1, 1991, was based on the 1990 prices. The average charge for 1 ton of aggregate air emissions 
was only 3.3 rubles (Averchenkov et al., 1994, page 311). Therefore, charges were devaluated from the 
very start due to inflation. This process has a chronic character. Constant adjustment of pollution fees has 
lagged behind inflation rates. Furthermore, enterprises do their best to hold payments and in tum deflate 
charges even more under highly inflationary conditions. 

Comparing inflation level (measured by industrial production deflator) and dynamics of the basic rates of 
pollution charges we can derive their real dynamics (See Figurel). Using other possible price indicators 
(like consumer price index) yields similar results. 

Fig.1. Real Level of Pollution Fees (1990=1000/0) 
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Thus pollution fees began falling in real terms from the moment they were introduced, as industrial 
prices grew in January 1991 by 70%. When prices were liberalized in January 1992 the depreciation of 
pollution fees became continuous. By mid-1992 real fees had fallen to almost zero, real periodic 
corrections allowed only a minimal level to be maintained. 

4 



2.2 Prospects for Environmental Management System Development 

The command-and-control system of environmental management, which was in effect in Russia before 
1990, has been replaced by a new system which assumes broad application of economic tools. So far the 
new system is quite weak, and it may tum into a serious problem when economic growth begins. We 
would like to consider different possibilities of enhancing this system. The end goal of this analysis is to 
determine whether it is possible to develop the present system to create a sufficiently strong deterrent to 
the growth of pollution in the future or if there is a need for more radical reform. 

In the subsequent analysis we consider the following main directions of environmental management 
system development: . 

• tightening of ambient quality standards; 
• indexation of pollution fees; 
• increasing fees for emissions for selected pollutants; 
• introduction of CO2 tax. 

The fITst three approaches are based on the improvement of the existing system. The political context of 
CO2 tax introduction is worth more detailed discussion. 

The tax of CO2 emissions is a radical economic tool for restraining greenhouse gases emissions. In 
Golub and Pizer (1994) the institutional background, the possibilities of introducing such a tax, and the 
consequences of its application on the Russian economy are considered. Here we will dwell mainly upon 
the technical issues related to the simulation of economic effects caused by the introduction of a CO2 tax. 

The current environmental management system does not provide large enough incentives to reduce 
pollution. The drop in emissions that has been witnessed since 1990 is the result of the sharp drop in 
production, and not of the stimulating impact of the system of charges. However, since 1991 the 
necessary institutional structure has been created and could be used more intensively in future. In our 
analysis we consider realistic scenarios for improvement of the environmental management system based 
on a detailed description of the existing structure. Here we focus on the system of fees and consider 
various alternatives for its modification. 

The problem of rates is of particular importance. Figure 1 shows that the basic rates fell drastically in 
real tenns. The data on emission fees can be compared with the rates used in other countries: 

Table 2. Pollution F« Rates in Poland and Check Republic (US$ per ton) 

Pollutants Rate in Poland Rate in Czech 
Republic 

NOx 52.9 23.3 
S02 52.9 29.1 
TSP 87.2 

Table 2 shows the fees that were applied in these countries in 1992 (Comparative analysis of economic 
instruments for environmental protection used in Bulgaria, the Czech Republic, Hungary, Poland, 
Romania, the Slovac Republic and Slovenia. Budapest, REC, 1993, page 10). 
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The existing system of fees for emissions needs to be modified. Rates cannot be increased to the level 
necessary for internalization of external costs. Such efforts face the resistance of political leaders and the 
industrial lobby and make their implementation impossible. This is not a problem particular only to 
Russia, Poland, Czechia, or Hungary. No country has been able to internalize external costs with 
emission taxes. Even in Sweden, where such taxes are very high, they are still lower than external costs. 
Therefore, alternative approaches are required for internalization of external costs. 

In spite of the fact that the stimulating impact of pollution charges has been close to zero since their 
introduction in 1990-1991, the taxes still play an important role in the environmental management 
system. First of all, they helped fonn and enhance the monitoring system aimed not at measuring the 
concentration of pollutants in general, but rather aimed at each particular source. Secondly, the charges 
are thus far the only source of revenues for environmental funds. The role of funds in the investment 
process in transition economies is considerable. For example, in Poland funds cover 50% of 
environmental investments. Such a level is hardly attainable in Russia. However, we estimate 
contribution of the funds to environmental investment (including both direct and indirect effect on the 
investment process) to be about 30% (Averchenkov et al. 1994, etc.). 

Furthermore, the fees may perform some role as incentives. Our purpose is to evaluate this role. The 
main question for us is how to ensure the considerable effect of fees as incentives using measures that 
will not face critical resistance at the implementation stage. 

3. SIMULATION MODEL DESCRIPTION 

The analysis is based upon an economy projection model, developed by Dr. Gordon Hughes, consultant 
for the World Bank Environment Policy Department. It is aimed at evaluating the performance of an 
economy in transition. The model incorporates 3 major components: 

• simulation of economic development, including capital turnover process, 
• estimation of emissions (both from industrial sources and from households), 
• simulation of the impact of alternative environmental policy tools. 

The general assumption of the model is that after market reforms start, gradual replacement of outdated 
technologies with more efficient modem technologies will take place. The latter are characterized by less 
resource use and better pollutant removal. Hence lower emission volumes can be expected as a result of 
carrying out market reforms. During the adjustment period "old" and "new" equipment operate in 
parallel. Their economic performance is described by input-output tables. As a starting point for the 
"old" capacities actual data on specific use of materials, energy, and labor in Russian economy in 1990 
are used. For "new" technologies corresponding data referring to USA, Great Britain, West Europe or 
Spain can be utilized. 

The capital turnover process is simulated as follows. "Old" capacities are depreciating, having two 
sources of depreciation: regular aging, and lack of competitiveness due to trade liberalization. Fixed 
investments are directed to those sectors, where available capacities are insufficient to produce goods in 
quantities required to meet expected demand. It is assumed that all investments produce "new" efficient 
capacities. 

Emissions from production are divided into two components. The first is related to fuels combustion. 
Rates (differentiated by sector and fuel) are given, specifying emissions of major pollutants resulting 
from use of 1 ton of the oil equivalent (t.o.e.) of a particular fuel. The second component is related to 
processing: it is evaluated based on given emissions per $1000 of output in each industry (in world 
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market prices). Emissions produced by households are also partly linked to the volume of fuels used, 
other sources and to the population size. Emission rates have been estimated for Poland. It may be 
suggested that technologies used there are similar to those used in Russia. 

Because new capacities have reduced energy and material intensities, and discharge less pollutants, it can 
be expected that the natural course of capital turnover will be accompanied by a decline in emissions. If 
such a decline is assumed insufficient, implementation of additional interventions affecting this process 
can be evaluated by the model. They include: 

• Changing real energy prices for industrial and household users; 
• Raising pollution fees; 
• CO2 tax introduction; 
• Forcing enterprises to reduce emissions by setting stricter environmental standards. 

The following patterns of economic reactions to these tools are incorporated into the model. 

1. Production at the "old" capacities adjusts to changing relative prices. The adjustment is taking place 
at two levels. First, the structure of energy, materials and labor is adjusted depending on their relative 
price levels. Next, industries modify proportions in which various fuels are used according to their 
prices. In both cases reactions are evaluated based on addilog cost functions. 

2. Energy "effective price" (see below) growth leads to accelerated capacities renovation. This effect is 
assumed to be the more pronounced the greater the gain of an industry by replacing old technologies 
with new ones. Thus, the model reflects two effects: some share of capacities can become 
unprofitable with rising fuel prices and incentives increase to use new energy-saving equipment 
instead of the old. 

3. Higher energy prices for households cause consumption contraction, controlled by demand 
elasticities. 

4. Enterprises may respond to pollution fees investing into cleaning equipment. It is suggested that the 
result will be a fall in emission rates down to levels typical for the "new" equipment. The share of 
retrofitted "old" capacities is fixed as an element of the overall model. This share is differentiated by 
sector in proportion to the percent of pollution fees in production costs. 

A more detailed discussion of the model is presented in an Appendix. 

Charging pollution fees or CO2 tax creates additional costs of energy use (equal to the total payments for 
all emissions resulting from burning the fuel). It may be helpful then to defme energy "effective price", 
as comprising both common price and additional costs of fuel burning. Effective price accounts for all 
expenditures pertinent to fuel utilizing. 

Introducing pollution fees or a CO2 tax affects economic performance in two ways. First, "effective" fuel 
prices increase, thus affecting energy demand. Second, raising pollution fees results in more active 
reduction of emissions rates by investment into "end of pipe" technologies. 

The model provides long-term projections for the following values: 

• output volumes by sector; 
• energy use; 
• emissions of major pollutants; 
• emissions composition by source (by sector, by enterprise type, by fuel burnt, etc.); 
• the revenues produced from pollution fees. 
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The salient feature of Russian pollution fees system is the application of two-level rates: one base rate 
and one penalty rate (for emissions above MPL). The model was modified to take into account Russia's 
two-rate system. 

The first problem arising here was to decide how fee rates should be incorporated to define fuel 
"effective price". It was assumed that if the emission volume for a particular pollutant exceeded MPL in 
the preceding year, the penalty rate was used to calculate the "effective price". Otherwise the price was 
estimated applying the base rate of the pollution fee. The reason is that incentives to save energy or to cut 
emissions are proportionate to the marginal costs of its use. 

Another problem was to evaluate the development of emission standards. It was assumed, that they 
would decline in proportion to the prospective emissions targets set by sector and pollutant. The indices 
of target emissions for 2005 are presented in Table 3. Indices of emission standards for interim years 
were taken by interpolating its decrease at constant rate, and for 2006-2010 they were assumed to be the 
same as in 2005. 

Table 3. Target Indices of Emission Standards for 2005 in % of 1990 

TSP S02 NOx 
Power 50% 44% 55% 
Metals 59% 38% 73% 
Chemicals 67% 70% 71% 
Wood products 26% 43% 41% 
Construction materials 34% 68% 78% 

The estimates presented in this table are based on the targets fonnulated in the USSR Program of 
Environmental Protection and Efficient Use of Natural Resources. This plan was developed by the USSR 
Committee on Science and Technology in 1987 and established targets through 2005. This remains the 
most comprehensive document defining environmental tasks for the long tenn. When it was created 
Russia accounted for 70% of total air emissions, therefore emission reduction rates were based on 
average rates and proportions for Russia. Certainly, this estimate is quite rough, but the approach is 
acceptable for the purposes intended. 

Table 4. Estimated and Reported Emission Volumes (mn. tons) 

Pollutant: Source: 1991 1992 1993 1994 1995 
Solid particles Reported' 5.8 5.6 4.8 3.9 3.6 
Solid particles Estimated 27.9 25.7 22.4 19.7 17.9 
S02 Reported 8.7 8.2 7.2 6.5 6.4 
S02 Estimated 18.5 17.2 15.1 13.3 12.1 
Nitrogen oxides Reported 2.9 2.7 2.5 2.1 2.0 
Nitrogen oxides Estimated 5.5 5.1 4.5 4.0 3.6 

Estimated emissions for 1990-1995 were compared to the reported emission figures. As shown in Table 
4, our estimates (based on emission rates, output volumes, and specific fuel use per unit output) exceed 
the reported levels. This issue is subject to further examination, while in the present study we used 

1 From stationary sources 
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adjustment coefficients, which can be treated as "detection rates". The emission volumes projected for 
1996-2010 were multiplied by this coefficient and thus adjusted for detection rate. 

There are a number of reasons for this difference between reported and estimated data. In spite of the 
successful development of the monitoring system based on each particular pollution source, the balance 
method still prevails. Instead of measurements at the pipe end, hypothetical levels of emissions are 
calculated. This data is specified in Statistical Reporting Form 2TP "Air". Certainly, companies are 
inclined to show lower emissions in the reports, resulting in lower payments. Nature protection 
authorities have limited capabilities of verifying a company's reporting data. Even in Moscow, where 
there is sufficient staff and equipment, each particular company is inspected only once every 2-3 years. 

Experts have questioned the validity of the data reported by the polluters, and their doubts were 
confirmed by inspections carried out by the nature protection authorities. In addition, data on the 
concentration of harmful elements in the air did not match the reported data on emissions. Therefore, the 
data shown in Table 4 should not surprise the reader, and, in practice, we will assume that all emissions 
from new capacities will meet standards for maximum allowed emissions. 

The proportion of reported payments for admissible and extra emissions (Table 5) was used to assess the 
share of emissions above MPL. The breakdown of reported MPL and excess MPL payments by pollutant 
is missing, so common share was assumed for all the pollutants. 

Table 5. Payments for Emissions into Ambient Air in 1995 (Ruble bn.) 

BelowMPL AboveMPL Total 
Total Russia 392.5 143.4 535.9 
Industry 283.9 119.2 403.1 
-power sector 51.4 4.9 56.3 
-fuel sector 45.2 36.1 81.3 
-ferrous metals 21.3 22.1 43.4 
-non-ferrous metals 59.1 17.9 77 
-chemicals 7.6 5.3 12.9 
-machinery 18.7 8 26.7 
-wood products 18.5 7.8 26.3 
-construction materials 24.5 3.4 27.9 
-foods 22.9 7.6 30.5 
-other industries 14.7 6.1 20.8 
Transportation 20.7 5 25.7 
Residential services 49.8 10.1 59.9 
Other sectors 38.1 9.2 47.3 
Source: Goskomstat. 

In the case that payments for emissions above MPL constitute 36.5% of total payments, the penalty rate 
increases 5 fold. Extra emissions on average amounted to 7.3% of the admissible emissions, and to 6.8% 
of the total emissions. 

It was assumed that all new equipment meets environment standards and thus its emissions are made 
within permitted limits. 
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Though this assumption is disputable, we neglect this difference leaving detail to future research. We do 
this primarily because the radical reform of Russian environmental standards is still being discussed. The 
main question is whether Russia should have distinctive standards or if Russian standards will 
correspond to European or US standards in the future. 

4. DESCRIPTION OF SCENARIOS CONSIDERED 

Several basic scenarios for the formation of the payment system will be considered here. They differ in 
three major features: 

• the base pollution fee rates; 
• the penalty pollution fee rates; 
• Implementation of a CO2 tax. 

The following alternatives were considered for the level of fees: 

a) keeping low level of 1996 (both for base and penalty rates); 
b) restoring real level set initially in 1990 (about 30 times higher than in 1996); 
c) raising real level of fees by a factor of 100; 
d) keeping low base rate of 1996 and raising penalty rate by a factor of 100. 

Combining the presented parameters we have the basic scenarios as follows: 

Scenario SC.O - low pollution fees (at the level of 1996); 
Scenario SC.1 - pollution fees at the level of 1990 (in real terms), i.e., 30 times higher than in 

1996; 
Scenario SC.2 - pollution fees 100 times higher than in 1996; 
Scenario SC.3 - low pollution fees (at the level of 1996), with introduction of a CO2 tax at the 

level, presented in Table 7 below. 
Scenario SC.4 - high (100 times higher than in 1996) pollution fees for S02 emissions only. 
Scenario Sc.s - high (100 times higher than in 1996) penalty rates (with unchanged low base 

rates). 
Scenario SC.6 - high (100 times higher than in 1996) pollution fees for TSP emissions only. 

5. PRELIMINARY ANALYSIS 

The preliminary analysis of scenarios utilized SC.O as a benchmark. Its major characteristics were 
compared with characteristics of other scenarios. The projection results were not surprising. It was found 
that a substantial decrease of emissions may be achieved by restoring fees to their original levels in real 
terms (see Figures 2-8). 

10 



7000 

6000 

5000 

4000 

3000 

2000 

Fig. 2. Projected Total TSP Emissions 
(th.tons) 

-~ 

'-0 ----'(--------------------------------------
o 

------~------------------------------------0, __________ 9, _______________________________ _ 
O~ 

-- -- -- -- - - -- - - -+~":::-)(-X--_x: - - - - - - -- - - - - - - - -- -
'"+-+ -X-x_X_X 

-+-+-+-+ -x-X-x-x-x ----------------- -----------~-+-+~~ 

1000 --------------------------------------------

o 
1990 1995 2000 2005 2010 

10000 
9000 
8000 
7000 
6000 
5000 
4000 
3000 
2000 
1000 

o 

Fig.3. Projected Total S02 Emissions 
(th.to ns) 

- ~---------------------------------------

----~-------------------------------------o 
------~-----------------------------------0, 
----------0--------------------------------

'0 
-------------~---------------------------

- - - - - - - - - - - - - - j-~~~-=-~~-..x-x-x"'-x--x...::.x.;;..x.;;...x 
________________ __~~'"':"~_L_I __ I __ I _1_1 

1990 1995 2000 2005 2010 

11 

-x-sc.o 
-+-SC.1 

-<>-SC.2 

-x-Sc.o 
-+-SC.l 
-<>-SC.2 



7000 

6000 

5000 

4000 

3000 

2000 

2500 

2000 

1500 

1000 

500 

1990 

Fig.4. Projected Total NOx Emissions 
(th.tons) 

1995 2000 2005 2010 

Fig. 5. Projected Total C02 Emissions 
(om. tons) 

-<>, 
---¢----------------------------------------"0 

'" ./.'Y: o ~~ 
---------~-----------------------------~~±~ 

o A~~ 
~ ~~ " --~ 0'0 ____ .. __ ..... _y~ 

------------------ =-------------

1990 1995 2000 2005 2010 

12 

-x-sc.o 
-f-SC.l 
-o-SC.2 

-x-SC.O 
-+-SC.1 
-o-SC.2 



Fig. 6. Projected Total Lead Emissions (tons) 
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Fig.8. Projected C02 Emissions per Unit 
GDP (1990=100%) 
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One can see from the figures that even under low pollution fees the projected emissions would decrease. 
Two factors are responsible for this 'background' decline of specific emissions. First, we assumed that 
consumption patterns are changing as a result of carrying out market reforms and opening of the 
economy (the service sector, where energy use is low, is expanding). Second, some renovation is already 
underway in the economy, resulting in the reduction of both emission rates and specific demand for 
energy and materials. 

The expected development of greenhouse gas (GHG) emissions varies substantially among pollutants. 
The most significant decrease is expected in TSP and S02 emissions. These emissions fall significantly 
and remain at a low level even in the stage of economic growth. The main reason is replacement of 
outdated "dirty" technologies with new equipment. The increased pollution fees result in lower long-run 
level of TSP and S02 emissions. 

The situation with emissions of NOx and CO2 is much more complicated. Emission rates for these 
pollutants are relatively standard, hence emission volumes depend mainly on the amount of energy used. 
Growth of these emissions can be expected after 2000, when economic growth resumes. Another 
distinction is that these emissions are less sensitive to the rate of pollution fees. 

The prediction of emissions per one unit of GDP is of interest. There are two opposite trends here. The 
first is typical of TSP and S02 and is characterized by a steady decline of emissions per one unit of GDP 
which continues throughout the period under consideration. CO2 emissions on the other hand, decline 
each year until 2000 after which the emissions begin to rise. In addition, the projected CO2 emissions per 
one unit of GDP do not differ for different scenarios. Therefore, we can say that this trend is determined 
by changes in the technological structure. In order to achieve a significant reduction in these figures, the 
technological policy should be drastically revised and the emphasis should be made not on the 
technologies currently available in the developed countries but on the ones that are under development. 

Now the emissions will be analyzed in further detail. Expected proportions of emissions within the 
permitted limits and above limits were estimated (Figures 9, 10). It should be noted that we considered 
almost all emissions from newly operational production facilities as emissions within the MPL, i.e., the 
new technologies were assumed to meet the environmental standards. These new facilities do not require 
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additional incentives to decrease emissions like penalties for emissions above permitted limits. The 
analysis enables the estimation of the effectiveness of instruments such as emission limits. 

Fig. 9. Projected Share of TSP Emissions Above 
MPL 
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We considered dynamics of emissions of TSP, S02 and NOx. The results for TSP and S02 are quite 
similar among the policy options - stable decrease and stabilization of emissions within the limits. As 
expected, higher payment rates result in more impressive results. As for emissions above the limit, their 
dynamics are highly dependent upon the chosen scenario. The difference in emission volumes within 
certain time intervals may be up to 5-6 times. It is especially clear for TSP and S02' The dynamic of 
their emissions is very sensitive to the charge level (Figures 11-14). 
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Fig. 11. Indices of TSP Emissions in 
2010 by Sector (1990= 100%) 
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Fig.12. Indices of S02 Emissions in 
2010 by Sector (1990= 100%) 
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Fig. 13. Indices of NO x Emissions in 
2010 by Sector (1990=100%) 
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Fig.14. Indices of C02 Emissions in 
2010 by Sector (1990= 100%) 
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The situation is different with NOx emissions. The main issue concerns emissions within the limits. They 
are only slightly affected by the instruments under consideration. As for the emissions above the norms, 
they become stable in rather short time at a rather low level. It should be mentioned here, that this is not 
at all due to the pollution fees. The difference between scenarios is negligible. They are low because 
basic NOx emissions correspond to new production facilities. As already noted, all emissions from new 
facilities are considered to adhere to the norms. It may be necessary to follow a more "severe" approach 
and use stricter standards for NOx emissions. 
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The pollution charges affect emissions of TSP, S02 and lead but are of almost no practical use in 
re'straining NOx and CO2 emissions. Other stimulating instruments need to be found to control emissions 
of these substances. 

6. IMPACT OF POLLUTION FEES ON ECONOMY 

First of all, attention must be paid to the distribution of the tax burden from pollution charges by sector 
(see Table 6). The table demonstrates that ifthe charges are kept at the same level, the major payers will 
be the metallurgy sector, the power sector and the construction sector. Their share is predicted to provide 
88% of charges in 2010 (compared to 82% in 1996). The same sectors will be the main payers under the 
two other scenarios implying rising pollution fees. 

An additional concern is the inefficiency of the existing system in charging the transport sector. It 
produces about half of the emissions volume, and thus it should provide a proportionate share of 
pollution payments. 

Table 6. Projected for 2010 Revenues from Air Pollution Charges by Sector 
(in bn rubles of January 1996) 

SC.O SC.l SC.2 SC.3 SC.4 SC.5 
Energy 97 2320 5518 46294 2375 112 
Metals 105 2256 3788 11384 5234 907 
Chemicals 1 33 94 5585 29 2 
Machinery 6 189 528 4948 186 5 
Wood products 5 113 237 2016 115 107 

Construction 11 322 837 2882 87 142 
~aterials 

Construction 59 1829 5096 10370 404 51 
!Agriculture 2 67 190 1692 65 2 
Other sectors 8 239 580 11434 299 7 
TOTAL 294 7368 16867 96605 8795 1336 

SC.6 
872 
970 
30 
217 
122 
627 

468 
83 

209 
3598 

The analysis of revenues supplied to the environmental funds is of particular importance. Figure 15 
demonstrates the scenarios under consideration provide stable revenues from the air pollution fees. Even 
though revenues from TSP charges decrease, this is compensated by growing payments from NOx 
emissions. Revenues from S02 and lead charges remain at the same level. 
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Fig.15. Revenues from Pollution Charges 
(Bn robles of J an.96) 
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Analysis of payments shows a shift in proportions between charges for emissions within permitted limits 
and those above the limits. Several points may be mentioned on this issue, which are considered in 
scenario SC.I. The share of payments for emissions above permitted limits is falling with time under 
high pollution fees (SC.2) is increasing under low fees (SC.O). It is evident that charges provide 
sufficient incentives to cut down the emissions. It should be added that emissions decline unevenly in 
different industries. 

7. SIMPLIFICATION OF THE POLLUTION FEES SYSTEM 

It may make sense to consider the option of reducing the number of pollutants controlled. This may make 
control more effective. We considered a scenario in which fee rates were raised for only one of the major 
pollutants. It implies increasing the rate for one pollutant by a multiple of 100 (like in SC.O) while other 
rates remain unchanged (as in SC.O). 

In choosing the pollutants to be controlled we should take into account "cross effects", i.e. impact of 
raising fees for one pollutant on emissions of others. The brief analysis of these projections reveals that 
high fees for lead do not visibly affect other emissions. 

It was found that the difference between SC.2 (providing the lowest emissions) and SC.4 is insignificant 
in many respects. The major difference concerns TSP emissions, which are higher when only S02 
emissions are controlled as in SC.4 (See Figures 16-19). But this is compensated by the fact that the 
charge load in the scenario SC.4 falls primarily to sectors using lot of coal (and thus discharging lot of 
sulfur dioxide) increases. Total coal use for different scenarios is shown in Figure 20. 

Another scenario simulating the simplification of the fee system assumes raising the charges for TSP 
only. We considered the scenario similar to SC.4. Fee rates were increased by a factor of one hundred 
for emissions ofTSP instead ofS02 as in SC.4. This scenario is marked SC.6. 

As mentioned above, TSP emissions in SC.4 (with increases only in S02 charges) are higher than in SC.2 
(with 100 fold increase in all pollution charges). Emissions of TSP's in SCA are approximately equal to 
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emissions in SC.l . It is shown in Fig. 16 that increased fees for TSP provide better results in reducing 
emissions of solid particles. The position ofthe TSP emissions' curve is intermediate, lower emissions 
than for SC.4, but nevertheless higher than for SC.2. 
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Fig.20. Projected Coal Use in 2000-2010 (mn. toe) 
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This leads to conclusion that the reduction of TSP emissions achieved in SC.2 is the result of the joint 
impact of the fee system as a whole, concerning not only this pollutant, but all the rest as well. 

To compare SCA and SC.6 further emissions of S02 may be considered. Even though it would seem that 
scenario SCA would provide better results than SC.6 in regards to S02 emissions, Figure 17 shows the 
opposite situation to be true. Higher fees for TSP have a greater effect on S02 emissions than high fees 
for sulfur dioxide itself. 

Figure 18 should clarify the situation. It is shown in Figure 18 there is almost no difference in NOx 
emissions between SCA and SC.6 . The scenario with higher fee for TSP (SC.6) provides relatively 
higher emissions than SCA with higher fees for S02. This, and the above mentioned differences, may be 
due to the more considerable role of fees for TSP compared with other incentives for reductions in coal 
consumption. This may be seen in Figure 20. On the one hand, it results in more rapid reduction of sulfur 
and TSP emissions from burning coal. On the other hand, coal is replaced by other types of fuel 
providing higher emissions of NO x while burning. 

As for emissions of CO2, the situation is as follows. Increasing only the fee for TSP provides the worst 
results, if compared with scenario SC.5. This is distinctly seen in the interval with minimum emission 
levels (Figure 19). Figure 19 may seem to contradict Figure 20. Under the same conditions, the 
replacement of coal in energy balance by other fuels results in a reduction of CO2 emissions. The 
estimation of the effect of high fees for S02 and TSP on CO2 emissions, as well as the analysis of other 
indicators (including dynamics of energy use) generate the following conclusion. High fees for TSP 
emissions provide favorable changes in the energy balance structure accompanied by relative (if 
compared with scenarios SC.2 and SCA) growth of energy consumption. It may be explained as a 
different effect of fees for TSP and fees for S02 on different economy sectors. For energy-intensive 
sectors the effect of high fees for TSP emissions appear to be more moderate than the effect of high fees 
for S02 emissions. 

In general, the analysis of simplified pollution fee systems shows that each of them has its own 
advantages and drawbacks. When making choices among them, one should study the set of indicators 
including not only emission dynamics but also the dynamics of output in different sectors, dynamics of 
energy consumption, the energy use patterns and some other significant indicators. The total tax burden 
and its distribution between the sectors is also important. 
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Table 6 and Figures 16-19 present projections for scenario SC.5 (increasing penalty rates 100 times). The 
tax load from this scenario has significantly different effects than SC.4 and SC.6. With higher fees for 
TSP emissions, the total revenues from charges are about 2.S times lower than with high fees for S02 
emissions. As expected raising all emissions charges i 00 times as in scenario SC.2 results in the highest 
level of collected fees. SC.l produces revenues slightly less than the scenario with high fees for S02 
emissions. 

The burden of charges under the high fee for TSP is approximately SO% lower than that from the high 
fee for S02, and the fee for TSP creates a larger effect on emissions (excluding CO2). Of course, the 
model is rather simple and can not serve for identification of the best instrument. The analysis shows that 
it is not always necessary to increase the fee rates and total volume of the collected fees. If our purpose is 
to reduce pollution, better results can be achieved by more flexible policy in determining rates of fees for 
emissions. In this context, it may be reasonable to step back from the current practice of fee indexation 
and review the basic rates developed in 1990. 

To analyze the distribution of the tax burden between the sectors of the economy we return to Figure 19 
(C02 emissions). Table 6 shows that the tax load on the power sector and metallurgy sector in scenario 
SC.4 is many times greater than the cost to these sectors with high fees for TSP emissions. As a result, 
output in these sectors under SC.6 is somewhat higher than under SC.4. Since this output is directly 
connected to energy consumption, total emissions of CO2 appear to be higher despite positive trends in 
the structure of energy consumption. 

We have already concluded that the higher fees do not necessarily provide better results in control of 
emissions. Hence it makes sense to discuss various possible ways of modifying the pollution fee system. 
One opportunity already mentioned is a revision of basic fee rates. The other option that is of interest is 
uneven indexation of rates for emission within the limit and above the limit. This approach is simulated 
in scenario SC.5. This scenario assumes the fee at the level of 1996 for emissions within the limit (like in 
basic scenario SC.O), and for emissions above the limit the fee is 100 times higher than used for above 
the limit emissions in basic scenario. 

The analysis of emission dynamics provided interesting results. The projections for SC.2 and SC.5 are 
very close. The scenarios coincide on all indicators except for the tax burden. Figure 21 distinctly shows 
the absolute superiority of SC.S over the others with respect to tax burden. The observed growth of tax 
load is realistic as a practical measure of reform for the fee system. This reform increases overall tax 
load only 2-3 times, and therefore may be politically acceptable and may produce a considerable 
environmental effect. 

In scenario SC.S the most active opposition forces, the power and agriculture sectors, receive a lower tax 
burden compared to other options of reforming the fee system, and the cost for the metallurgy sector is 
not greater than with high fees for TSP emissions. Some problems may concern "other" sectors of 
economy including automobile transport. The considered system of fees does not increase incentives to 
reduce emissions in this sector. To control pollution in this sector the proposal should be accompanied by 
special measures aimed at automobile transport. 

8. POSSmLE IMPLICATIONS OF INTRODUCING A CO2 TAX 

In defining the CO2 tax rate we used prices for carbon credits that could be stipulated by active 
participation of Russia in projects of this kind. CO2 tax rates were increased gradually. The data is given 
in Table 7. The table shows maximum values for the CO2 tax which could be discussed with the Ministry 
of Economics and the Ministry of Finance with hopes that they would begin dialogue and not reject such 
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proposals immediately as has been the case several times in the past. Figures 22 - 25 show the results of 
the impact of the CO2 tax on projected emissions of the pollutants under consideration. 

Table 7. The assumed CO2 Tax Rates (Rubles of January 19961 ton of CO2) 

!years 1996 1997-1999 I 2000-2010 I 
traxation rate 2900 5850 I 35000 I 

Surprisingly, introducing a CO2 tax produces a smaller effect on CO2 emissions than applying high 
pollution fees (SC.2). 

It is worth noting that the stimulating effect of the CO2 tax is similar to the effect of pollution fees 
restored at the level of 1990. In all the figures the emission curves for scenarios SC.l and SC.3 are close 
to each other with the exception for lead emissions. It is evident that the CO2 tax has a small effect on 
emissions of these pollutants. The lead emission for SC.3 is lower than for SC.O. It is possible that a 
higher CO2 tax rate could result in a more significant reduction in emissions (see Golub, Pizer, 1994), but 
the resulting the tax burden would be incommensurate to the one considered above. In this case the CO2 

tax will be able to be introduced only within the framework of a general tax reform. 

Fig.21. Revenues from Pollution Charges 
(Bn rubles of J an.96) 
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Of course, the increase of CO2 tax rate may be discussed. However, having analyzed the dynamics of the 
tax load (Figure 21), we conclude that in practical terms there is no use in implementing a CO2 tax. Even 
under CO2 tax rates included in the model, the tax burden remains relatively high, and increasing the tax 
rate would face significant confrontation from numerous interest groups. Moreover, it should be 
discussed whether the increase of tax burden is the proper approach. The scenarios SC.l and SC.3 
provide similar results for emission dynamics (the results of SC.1 are a little bit better). At the same 
time, the tax burden from these scenarios are much less than from SC.3. 

In addition, the significant changes in the tax burden distribution across the industries should be taken 
into account (see Table 6). Under the CO2 tax the power sector would account for 47% of payments and 
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the share of transport listed among "the other sectors" would grow as well. However, the contribution of 
metallurgy falls to 12% and the share of the burden on the construction sector is reduced. 

The effect of pollution fees on emissions is more pronounced than that of a CO2 tax. However, the tax 
burden using even the highest fees still remains ten times lower than under the CO2 tax providing a 
comparable decrease of emissions. 

Fig.22. Projected TSP Emissions (th.tons) 
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Fig.24. Projected NOx Emissions (th.tons) 
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As a result of our study we have been able to draw certain conclusions that are not only of theoretical 
interest, but could also be implemented in practice. We established that there is no need to insist on a 
significant increase of the payment rates. A similar effect can be achieved if the multiple increase applies 
only to emissions in excess of the limits, and if the payment rate for emissions within the is adjusted 
according to the inflation rate. We have also been able to establish that the proposed system of charges 
will ensure the steady flow of payments into the environmental funds. 
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Simplifications of the system affect various industries differently. Therefore any attempt to simplify the 
system should be preceded by thorough analysis. This analysis should take into consideration the effects 
of the proposed changes on different regions as they too will be affected in different ways. There cannot 
be a universal medicine to simplify the payment system. Calculations show that there are not enough 
grounds to introduce a CO2 tax in Russia. The system of charges, if transformed as proposed above, will 
allow the desired effect on CO2 emissions to be achieved. The tax burden in the proposed reform is much 
lower relative to the other alternatives. 

Specific conclusions follow: 

1. The projections discussed above show that in spite of reduced emissions during the production 
decline, the growth of specific emissions per unit GDP took place (See Figures 7-8). Practically 
speaking, it means that economic growth may cause the rapid growth of emissions volume. The 
reduction of emissions per one unit of GDP resulting from the model is based on assumed technical 
refurbishment. If in practice development is based on the use of old capacities and old technologies, 
then emissions will rise quickly in both relative and absolute terms. 

2. The existing statistical data on pollution underestimates actual emissions. This is caused by the 
calculation of emissions using adjustment coefficients rather than measuring at the actual sources. 
Better emission identification will allow the collection of more fees and increase environmental fund 
revenues. 

3. The performed analysis allows us to come to the conclusion that the existing system of fees should 
be modified. The low rate of fees and ineffectiveness of indexation are the key problems. 

4. Evaluation of the proposed scenarios produced the following results: 

a) To attain appropriate reduction of emissions, the fee levels should to be 100 times higher than the 
existing rates. However, this reform could not be implemented due to opposition of affected interest 
groups, Ministry of Finance, etc. The proposed alternative is as follows: 

• fees for emissions within the fixed limits remain at the current level, 
• fees for emission above the limits increased 100 times. 

This will provide effects on emissions similar to increasing fees by a factor of 100, but the growth of 
the tax load will not be extremely large in comparison with the existing one. Such a reform of the 
emission charges system will provide stable revenues for environmental funds. 

b) The simplification of the system of fees should be made with care, since the direct and indirect 
implications of various alternatives must be taken into account. We can not point out the more 
preferable of the two considered scenarios (high tax for S02 or for TSP). However, it seems clear 
that the effect of such measures on the emission dynamics may differ. 

c) It does not make sense to introduce the CO2 tax as its effect on emissions is lower than that of other 
tools, and the reSUlting tax load is several times greater than under other tools producing comparable 
emission reductions. 

d) Cardinal changes are required in the system of fees on emissions produced by the transport sector. 

27 



APPENDIX 

Simulation model 

The model was implemented to simulate changes in transition economies. Hence the major general 
assumption is that the economy becomes more open as a result of market reforms, and observed relative 
prices and consumption patterns are adjusted to world market standards. Simultaneously, reforms result 
in replacing obsolete technologies with up-to-date technologies with higher efficiency. 

The model does not allow for projection of the major economic indicators (GDP path and its aggregated 
breakdown by use). These projections are taken into account as elements of each scenario. 

The model allows for adjustment of production at "old" capacities to changing relative prices. Demand 
for production factors is adjusted at two levels. First, demand for energy, materials and labor is adjusted 
depending on their relative prices. The mix of these production factors is evaluated basing on translog 
cost functions C(u,p). They can be represented as follows: 

where 
C(u,p) = a(p)l-U • b(p)U, 

log a(p) = ao + Lak log Pk + (112) LLYkj log Pk log Pj , 
log b(p) = log a(p) + 130 II Pk~k , 

and aj, l3i, Ykj are estimated parameters. 

Then, industries adjust weights of different fuel usage according to their prices. Reactions here are also 
estimated with translog cost functions. Adjustment of energy and material use is incorporated into the 
model via changing input-output coefficients. 

The crucial element of the model is the description of fixed capital turnover. One of the key assumptions 
is that the amount of new capacities introduced in a particular industry depends only on the need for 
additional capacities in this industry. To be specific, the following procedure is applied. 

A crude forecast of demand Xt<t+l) for the next year is calculated for all sectors (by simple one-step 
extrapolation): 

Xt<t+l) = Xit) * [Xt<t)/ Xt<t-l)]. 

It determines the capacities required for the next year. For simplification, capital units are chosen so that 
capital demand per unit output is always unity, i.e. required capacities are identified with the forecasted 
demand: Fit+1)= Xt<t+l). 

On the other hand available capacities Fc(t+l) are defined with regard to the depreciation V(ti, assuming 
no fixed investments are made: 

2 As mentioned above, depreciation rate varies with changing energy effective prices. 
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Then new capacities introduced in a sector "i" FN (t) are defined as the difference between the available 
F c(t+ 1) and required capacities F it+ 1), if the latter exceed the former: 

FN(t) = MAX (Fd(t+l) - Fc(t+l),O), 
Fit+l) = Fit) - V (t) + FN(t). 

The projections are carried out in steps year by year. The following calculations are implemented at each 
step. 

1. Price levels by industry are estimated. 
2. An adjusted input-output matrix for old technologies is constructed. 
3. Final demand is determined. To accomplish this, projected GDP value is disaggregated by major use 
items, and then all expenditures are split by sector. 
4. Gross outputs, required to provide estimated fmal demand are found. Import is taken into account at 
this stage. It is assumed then, that all "new" capacities are loaded first, and then if necessary, the 
remaining output is provided from the old capacities. 

The major macro-economic assumptions include GDP path in constant prices and GDP breakdown by 
use. Projections of these variables, shown in Table AI, A2 are based on recent long-term economic 
forecasts developed at the Institute of Economic Forecasting. The major assumptions can be stated as 
follows: 

• GDP decline stops in 1997, and growth resumes in 1998; 
• annual growth rate attains 5% by 2000 and is staying at this level through 2010; 
• GDP is 6% higher in 2010 than in 1990. 

Table AI: GDP Dynamics: Retrospective and Assumed for the Future (%). 

Index of Real GDP Annual Growth 
(1990=100) Rate(%) 

1990 100% 
1991 95% -5% 
1992 81% -15% 
1993 74% -9% 
1994 65% -13% 
1995 62% -4% 
1996 60% -4% 
1997 60% 0% 
1998 61% 2% 
1999 63% 3% 
~OOO 65% 4% 
~010 106% 5% 
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Table A.2. Composition of Real GDP by Use (% of total). 

1990 1991 1992 1993 1994 1995 
lPersonal consumption 49.5 52.4 46.7 53.5 60.3 58.4 
Kiovernmentconsumption 25.4 25.2 26.4 26.7 28.4 28.5 
lFixed investment 28.0 25.8 22.7 20.0 18.3 15.8 
Stocks & other 2.4 -3.4 1.1 -4.8 -12.7 -9.8 
IExports 16.3 12.9 13.9 14.3 17.1 20.2 
mports 21.6 12.9 10.8 9.8 11.4 13.1 

1996 1997 1998 1999 2000 2010 
!personal consumption 54.7 50.9 49.0 48.7 48.1 50.3 
lGovernment consumption 28.4 27.1 25.8 24.9 23.5 19.0 
lFixed investment 15.2 14.9 15.0 15.5 17.4 22.0 
Stocks & other -5.6 -0.4 2.6 . 3.2 3.2 2.9 
IExports 21.7 21.9 21.9 22.0 22.1 20.9 
IImports 14.4 14.5 14.4 14.3 14.2 15.1 
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