
Deliverable 1 
Socio-economic impact 
aSSeSSment: apartment 
builDing renovationS 
& energy-efficiency 
improvementS in ruSSia’S 
urban HouSing Stock

2021

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed





Socio-economic impact 
aSSeSSment: apartment 
builDing renovationS 
& energy-efficiency 
improvementS in ruSSia’S 
urban HouSing Stock

improving urban HouSing efficiency 
anD financing facilitation for builDing 
moDernization in tHe ruSSian feDeration

ruSSian feDeration (europe anD central aSia)

2021



The findings, interpretations, and conclusions expressed in this work do not necessarily reflect the views of The World Bank, its 
Board of Executive Directors, or the governments they represent. 

The World Bank does not guarantee the accuracy, completeness, or currency of the data included in this work and does not as-
sume responsibility for any errors, omissions, or discrepancies in the information, or liability with respect to the use of or failure to 
use the information, methods, processes, or conclusions set forth. The boundaries, colors, denominations, and other information 
shown on any map in this work do not imply any judgment on the part of The World Bank concerning the legal status of any terri-
tory or the endorsement or acceptance of such boundaries. 

Nothing herein shall constitute or be construed or considered to be a limitation upon or waiver of the privileges and immunities of 
The World Bank, all of which are specifically reserved.

Rights and Permissions 

The material in this work is subject to copyright. Because the World Bank encourages dissemination of its knowledge, this work 
may be reproduced, in whole or in part, for noncommercial purposes as long as full attribution to this work is given. 

© 2021 International Bank for Reconstruction and Development / The World Bank 

1818 H Street NW 

Washington DC 20433 

Telephone: 202-473-1000 

Internet: www.worldbank.org 

Pre-press: alexpublishers.ru



3

Table of Contents

Acknowledgements ..............................................................................................................................................4

Executive Summary .............................................................................................................................................. 5

Introduction ............................................................................................................................................................. 6

1. Summary of approaches for estimation of socio-economic impacts of apartment 

    building energy-efficiency renovations .................................................................................................... 12

2. Methodology used to estimate impacts of apartment building energy-efficiency 

    renovations ....................................................................................................................................................... 15

3. Scenario calculations to estimate per-unit impact of apartment building renovations ............ 19

3.1. Scenario 1 assumptions & calculation results .................................................................................23

3.2. Scenario 2 assumptions & calculation results .............................................................................. 27

3.3. Scenario 3 assumptions & calculation results ............................................................................... 33

3.4. Comparison of scenario result calculations ...................................................................................38

4. Scenario calculations to estimate absolute effects of apartment building renovations ......... 43

Conclusion .............................................................................................................................................................54

Sources ..................................................................................................................................................................56

Appendixes ...........................................................................................................................................................59

Appendix 1. Methodology for estimating the macroeconomic impact of measures 

to improve apartment building energy efficiency ....................................................................................60

Appendix 2. Methodology for estimating sectoral production multipliers based 

on Input-Output tables....................................................................................................................................... 73



4 Aknowledgements

Acknowledgements

This report was commissioned by The World Bank and its Improving Urban Housing Efficiency 
and Financing Facilitation for Building Modernization in the Russian Federation Program and pre-
pared by a joint research group of the World Bank team and of the Russian Academy of Scienc-
es – Institute for Economic Forecasting (IEF RAS) led by Aleksandr Shirov, including researchers 
Dmitry Polzikov (IEF RAS) and Kirill Yankov (IEF RAS).

Edited by Ilya Minyaev and Andrey Milyutin in cooperation with the World Bank staff Christopher 
David Miller, Oleg Komarov, Konstantin Shishka, Maria Emelyanova.

We express our profound gratitude to Jevgenijs Steinbuks (Senior Economist, Sustainability and 
Infrastructure Development Research Group, the World Bank) who contributed significantly to the 
successful completion of work on the report and to the following Russian regional governmental 
authorities and institutions responsible for housing sector development for providing statistical 
data for the research: Construction Department of Vologda Region, Fund for Capital Repairs of 
Multi-Family Apartment Buildings of Vologda Region, Ministry of Energy, Housing, and Utilities of 
Nizhny Novgorod Region, Ministry of Construction and Housing and Utilities of Kaliningrad Region, 
Fund for Capital Repairs of Multi-Family Apartment Buildings of Kaliningrad Region, Department of 
Housing and Utilities of Lipetsk Region, Fund for Capital Repairs of Multi-Family Apartment Build-
ings of Lipetsk Region, Department for Housing and Utilities of Tyumen Region, Fund for Capital 
Repairs of Multi-Family Apartment Buildings of Tyumen Region.

This work was co-funded by the World Bank through its analytics and advisory Program Improv-
ing Urban Housing Efficiency and Financing Facilitation for Building Modernization in the Russian 
Federation. The Program Improving Urban Housing Efficiency and Financing Facilitation for Build-
ing Modernization in the Russian Federation is supported by grant from the Global Environment 
Facility (GEF).



5Executive Summary

Executive Summary

The presented Report consists of four main parts: (1) the introduction provides important back-
ground information about the state of the Russian housing sector and the existing program of 
retrofits of multifamily buildings; (2) a methodological summary that outlines the approach to es-
timating the economic, fiscal, social and climate benefits of residential housing retrofits; (3) sce-
nario modelling based on three sets of assumptions; and (4) conclusions drawn from the above 
sections.

This is the first domestic (and one of few international) analysis of the kind in the urban housing 
retrofit space. The indicative results are based on a sample of available data collected by the 
World Bank (WB) research team (especially with regards to the energy efficiency (EE) focused 
measures). More in-depth analysis would require additional data to be collected on region specif-
ic climate features and housing stock conditions. 

Russia has a large residential housing stock of about 21 million buildings, including 2.7 million 
multifamily buildings (MFBs). The housing stock is refurbished through a large-scale homeown-
er-financed renovation program (RUB 200 billion worth / about 50,000 MFBs annually) but this 
program includes only negligible investment into energy efficiency (EE) measures (less than 0.5% 
of the annual retrofit spend).

At the same time, energy consumption in the residential sector is significant (fourth among other 
sectors, accounting for 17% of the national total) and there is an opportunity to capture climate 
benefits from improving EE characteristics of the existing housing stock. The key challenge today 
is to formulate a coherent policy approach which would enable financial support for large-scale 
EE-related retrofits through the existing refurbishment program. This report aims to inform this 
policy dialogue by providing quantitative information on the economic, fiscal, social and climate 
benefits of a potential increase in support for EE-related retrofits. 

The main finding of the report is that a focused public investment program to complement exist-
ing privately funded retrofit activities would have a very significant positive climate effect without 
any negative economic or fiscal impacts. The report finds potential impact of up to 562 grams of 
CO2 reduced per Ruble of investment, though each of the three scenarios tested has a different 
range of economic, fiscal, and climate impacts (see part three for more detail).  The findings can 
form the basis for a focused policy dialogue with the relevant Government agencies on a national 
strategy for reducing the carbon intensity of the housing sector. 
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Introduction

This study is implemented within the World Bank advisory, and analytics Program “Improving Urban 
Housing Efficiency and Financing Facilitation for Building Modernization in the Russian Federation” 
(the Program) designed to reduce greenhouse gas (GHG) emissions in Russia through stimulation of 
investment in the energy-efficient renovations of residential multi-family buildings (MFBs).

Russia Housing Sector Background Information

Over 140 million people live in Russia, with almost 100 million residing in multi-family buildings 
(MFBs). Russia’s residential housing stock is rather old (See Table 1) and more than 45% of MFBs 
were built 40 years ago or earlier, most requiring energy efficiency retrofits. 

As of 2019 the Russian residential housing stock consists of approximately 20.8 million buildings 
(with a total floor area of 3.7 billion m2),1 split into:

• 2.7 million MFBs; and

• 18.1 million single family houses.

The housing sector in Russia (represented mostly by MFBs) is the 2nd largest end-user of energy 
and accounts for approximately one quarter of all energy consumed in the country.2 Being such a 
large energy consumer (second only to industry),3 the housing sector has enormous potential for 
energy savings and Greenhouse Gas (GHG) reductions4. A study by McKinsey & Co.5 found that 
of all sectors in the Russian Federation, buildings represent the largest cost-effective abatement 
potential of all, up to 321 Mt CO2eq by 2030 – 64% of which would have a negative abatement 
cost. Coupled with the significant potential in the closely related heat and power sector of 304 
Mt CO2eq, energy efficiency in buildings offers the greatest potential for GHG savings by a wide 
margin.

1  According to the Rosstat report on “Residential Housing Sector in 2019” https://rosstat.gov.ru/storage/mediabank/
Jil-kom_xoz-vo%202019.pdf . (this report gives figures as of 31.12.2018)

2  Heat generation in Russia in 2018 amounted to 857,571 thousand Gcal. More than 80% of Russia’s total consump-
tion of fuel and energy resources is accounted for by the four most energy-intensive sectors of the economy: 
electric and heat energy generation (28%), manufacturing (22%), population (17%), transport (16%). See Federal 
Report “On energy savings and increasing energy efficiency in the Russian Federation”. Ministry for Economic De-
velopment of Russia, 2019. p.18  https://www.economy.gov.ru/material/file/d81b29821e3d3f5a8929c84d808de81d/
energyefficiency2019.pdf

3  The residential housing sector is a major energy consumer accounting for: 23% of primary energy consumption; 
21% of final energy consumption; 42% of final heat energy consumption; 16% of final electricity consumption; 25% 
of final natural gas consumption, and almost a third of the total natural gas consumption. In 2012, 64.6% of energy 
consumption in the residential sector was used for heating, 18.3% for hot water supply, with other needs account-
ing for about 17%. See Igor Bashmakov’s “Energy use and energy efficiency in the Russian residential sector. How 
do you make it low carbon?” // Energosovet No.2 (33) 2014. http://www.energosovet.ru/bul_stat.php?idd=454

4  Russia’s total greenhouse gas emissions (excluding land use, redesignation and forestry) in 2019 stood at 2,119.4 
million tons of CO2eq. See data from the Russian national inventory of anthropogenic emissions by sources and 
removals by sinks of greenhouse gases not regulated by the Montreal Protocol (updated as of 16.06.2021). https://
rosstat.gov.ru/folder/11194 

5  McKinsey & Co. “Pathways to an energy and carbon efficient in Russia”, 2009 https://www.mckinsey.com/~/media/
McKinsey/dotcom/client_service/Sustainability/cost%20curve%20PDFs/CO2_Russia_ENG_final.ashx
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Current state of retrofits of multifamily buildings 

The current Russian system of organizing and financing of EE MFB capital repairs (MFB retrofit 
system) is based on mandatory targeted contributions from homeowners which are subsequently 
utilized by specialized regional institutions to perform the repairs. A relatively small share of MFBs 
(approximately 15%) makes such contributions to specialized bank accounts which can subse-
quently be used to finance repairs (aka “special accounts”). The rates for the contributions are 
regulated by regional statutes on annual basis and generally increase in line with inflation, al-
though have been frozen in 2020 as part of broader pandemic-related measures of the Russian 
government to support the citizens and the economy. 

Housing legislation does not separate “regular” retrofits from “energy efficiency” retrofits of MFBs 
– all depends on scope of works selected by the homeowners and availability of funding.

Based on the practice of implementation of the MFB retrofit system6 it has become clear that 
(a) the contribution rates7 in most of the Russian regions are inadequately low compared to the 
volume of needed capital repairs and (b) there is no financial infrastructure and products which 
would allow private banking capital to participate in long-term financing of such activities (as 
discussed in more detail below). While admittedly there is still a number of legal and regulatory 
adjustments to be performed in order to address existing barriers to attract additional funding 
for these purposes global examples illustrate that in the absence of a meaningful public support 
program, lenders are reluctant to venture into this long-term asset class. 

Another mechanism of financing for EE MFB capital repairs, also known to international practice, 
is a form of energy service contracts under which a contractor – specialized energy service 
company (ESCO) – undertakes to finance EE measures with a guaranteed energy savings / sav-
ings on utility bills and with guaranteed quality of living in renovated buildings. In exchange, the 
homeowners undertake to reimburse costs incurred by ESCO within a certain period of time (3-
5-7 years), depending on amount of financing involved and volume of savings achieved to make 
the scheme financially viable. Note that typically such contracts provide for a guarantee level of 
performance by the ESCO which means that in case such levels are not achieved, the payment 
from homeowners to that ESCO is reduced.

6 Introduced in 2013 by amending the Housing Code.
7  Varies from RUB 1.67 to 20.47 per sq.m. per month and on average is RUB 8.16 per sq.m. of total area of individual 

dwelling.

ТTable 1: Russian residential housing stock by year of construction*

Construction year

Before 1920 1921 – 1945 1946 – 1970 1971 – 1995 After 1995 Total

Single family houses 
(number)

722,317 1,599,084 7,225,682 4,935,506 3,640,801 18,123,390

Multi-family buildings 
(number)

103,572 160,115 958,589 1,217,665  263,805 2,703,746

Total area (thousands m2) 75,160 136,117 965,419 1,434,885 1,212,452 3,733,033 

* https://rosstat.gov.ru/folder/210/document/13234
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Development of energy services in residential sector is incumbered by several legal and social 
problems (e.g., now a structure of social subsidies for utilities does not allow to extend those to 
payments under ESCO contracts, thus demotivating homeowners from approving EE MFB reno-
vations at scale). However, commercial firms express growing interest in this business, especially 
in the regions where regional authorities are interested in expedited modernization of municipal 
heating systems and MFB EE retrofits8.

Currently the Russian Government implements a limited in scope and volume and technically com-
plicated program of subsidies to facilitate EE MFB capital repairs (Subsidy Program)9. The Subsidy 
Program has been launched in 2017, then suspended in 2018 and relaunched in 2019. Besides 
the subsidy for actual EE improvements, the Subsidy Program also attempts to provide stimulating 
effect for the MFBs to use bank loans to finance MFB capital repairs. Total numbers shown below 
illustrate that compared to the MFB housing stock (about 1 million houses) and annual volumes of 
regionally provided capital repairs (about 40,000 homes), the Subsidy program is totally inadequate. 

Since 2013 only slightly more than 240 loans have been granted by three banks of which only 
one –  the Center-invest Bank continues offering such loans on a sustainable basis.

There is no direct bank lending to ESCOs as such companies lack collateral required by banks 
and the energy service projects are financed through factoring operations which is a more expen-
sive instrument and still has very limited offer on the market. 

Relevance of Russian social-economic development goals to the performed 
analysis

Increasing the efficiency of primary-resource use is a key area of focus in Russian economic de-
velopment. In light of the global need to address the issue of climate change, technological mod-
ernization is playing an increasingly important role in driving energy efficiency and in economic 
development strategies more broadly. Accordingly, this issue will be given special attention in the 
recently adopted “Strategy for the socio-economic development of the Russian Federation with 
a low level of greenhouse gas emissions until 2050”, which in the coming years is expected to 
become one of the government’s most important strategic planning documents.

8  ESCO mechanism will start working in Yakutia housing sector (В Якутии заработает механизм энергосервиса в 
жилых домах): https://centerjkh.ru/v-yakutii-zarabotaet-mekhanizm-yenergos/

9  Russia Government Decree No 18 of January 17, 2017 “On approval of the Rules for the provision of financial sup-
port at the expense of the state corporation - the Fund for Assistance to the Reform of Housing and Communal 
Services for the overhaul of apartment buildings”.

Table 2: Federal Subsidy Program EE Results (2017, 2019-2021)

Year # of regions # of MFBs Value of EE repairs USD Subsidy amount USD

2017 6 35 1’575’834 553’174

2019 16 56 3’447’094 1’059’460

2020 27 121 3’760’247 1’706’309

TOTAL 212 8’783’175 3’318’943

Source: Analysis by the Report authors based on data from ZhKH Fund
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It should be noted that Russia’s energy sector (excluding LULUCF) accounts for slightly less than 
half of all GHG emissions.10 The residential sector, which includes housing, accounts for a further 
10% of total emissions. As such, the modernization of the country’s inefficient energy generation 
facilities and associated transmission infrastructure, as well as measures to increase the efficiency 
of end-consumer energy use, particularly in MFBs, demonstrate strong potential to increase Rus-
sia’s energy efficiency at the national level.

Currently, according to Rosstat, more than 60% of apartment buildings have a wear rate of more 
than 30%, and more than 50% of recently commissioned apartment buildings do not have an 
established energy efficiency class. Energy efficiency requirements have not yet become a key 
governing parameter of residential-sector renovation programs in most regions of the country. 
The consequence of this is a generally low level of energy efficiency (EE) in housing.

The challenge of reducing per-unit energy consumption in the residential sector can potentially 
be addressed through a variety of measures. The first such option is the replacement of old hous-
ing stock via demolition and new construction projects carried out in accordance with relevant 
energy-efficiency standards. However, in the context of budgetary constraints, it is impossible to 
address challenges of housing energy efficiency this way in the near term.11 A second potential 
approach to energy efficiency is through large-scale renovation (capital repair) of apartment build-
ings in combination with implementation of targeted energy efficiency measures. But once again, 
practice shows that this approach is also subject to certain limitations, namely low public payment 
capacity (limited potential for increasing homeowners’ contributions) and the difficulty of funding 
such projects from the regional budgets. 

Thirdly, just energy-efficiency renovations (EER) are also a potential solution—that is, a set of less 
costly, specialized measures aimed at improving the energy efficiency of the nation’s existing 
housing stock without concurrent implementation of other works required by the regional pro-
gram of capital renovation of MFBs.

For each region of Russia, the choice of which of the above-mentioned energy efficiency strate-
gies to prioritize will be determined by that region’s own unique climatic conditions and the cur-
rent situation of its residential sector. For this reason, this report’s methodology should be further 
refined to consider regional idiosyncrasies so that it may be applied in the framework of regional 
pilot projects.   

Relevance of international practices to the performed analysis

The global examples from comparable (in terms of climate, population, housing stock, urbaniza-
tion and overall economic development) jurisdictions, e.g. from Germany or Japan, show that in 
order to engage the private sector stakeholders, there needs to be a meaningful public subsidy 
program which would (a) provide financial institutional infrastructure for aggregation of the assets 
and production of capital-market based liabilities and (b) provide efficient direct support to the 
homeowners. Such subsidy program also provides the lenders with a good understanding on the 
potential market size and thus serves as a market risk mitigation instrument and allows to take 
long-term view on this business line. 
10 LULUCF: Land use, land-use change, and forestry
11  So far, this sort of large-scale program of housing-stock replacement has only been implemented in the city of 

Moscow. While similar programs have been discussed in other regions, a widespread program to replace of the 
nation’s housing stock through demolition and new construction seems unlikely.
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Notably, recent research papers (e.g. in EU12 and US13, among many) indicate significant macro-
economic and social benefits of EE modernization of the residential buildings, with a measurable 
positive impact on unemployment, GDP, public health, climate mitigation and so on. Interestingly, 
the World Bank’s own research in that area14 confirmed that examples of well-structures systemic 
approach to providing EE-related financing towards the homeowners (based on data from Germa-
ny, some other EU countries, and Japan) indicate that the very design of the subsidies takes into 
consideration the nature and complexity of the EE measures per se, with the logic (simplistically 
put) being that the more “serious” the actual works being performed, the greater the economic 
and ecological benefits can be expected. 

Purpose and scope of the Report

The World Bank has been implementing significant technical and analytical support to the federal 
and regional authorities on the matters of facilitation of energy efficiency improvements in the res-
idential multifamily buildings and collected valuable data about cost and results of capital renova-
tion projects of hundreds of multifamily buildings across the Russian Federation. These projects 
included regular capital repairs without any specially targeted energy efficiency improvements / 
results as well as other kind of projects – where energy efficiency and energy savings were put 
as a priority for buildings’ renovation. Using a special tool developed by the ZHKH Fund for the 
purposes of calculating amounts of state subsidies for energy efficiency improvements of the 
multifamily buildings, the WB research team received the necessary data about energy savings 
and corresponding GHG emission reductions achieved in cases where capital repairs of the mul-
tifamily buildings were including targeted energy efficiency improvements.

The purpose of this Report is to inform a policy debate around developing and deploying mech-
anisms of financing for EE retrofit measures, which would contribute to the decarbonization 
and energy intensity reduction of the residential housing sector. The national system of urban 
multi-family building (MFB) refurbishment was analyzed from economic, fiscal and climate impact 
perspectives, followed by recommendations on the adjustment of retrofit policies which would 
contribute to the climate agenda. 

The analytical research endeavors to develop robust methodology to measure such socio-eco-
nomic effect as applicable to the Russian Federation (specifically the structure of employment, 
production of relevant materials and services, quantifiable ecological benefits and so on) and 
determine the drivers for its magnitude. Development of such methodology can be implemented 
in phases: from a more general high level “scoring” analysis based on a limited data immediate-
ly available for the analytics up to an in-depth comprehensive analytics and modelling using a 
bottom-up approach and detailed data from various regions for building correct estimations of 
effects. 

Such methodology can also be applied to actual MFB capital repairs and EE retrofit data for veri-
fication and quantification of the status quo. Additionally, such methodology can be used to esti-
mate the impact of performing Program-designed packages of EE measures in order to illustrate 
increased economic effect in absolute terms and relative to the required financing. 

12 EU 2016 Macroeconomic and other benefits of Energy Efficiency
13 ACEEE 2015 Recognizing the Value of Energy Efficiency’s Multiple Benefits
14 The World Bank 2019 Energy Efficient Housing Finance (GreenHF Global Report)
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This research will further inform the general principles of design of the financial products and de-
sign of a public investment program in residential energy efficiency, as particularly for the latter it 
is critical to understand the social, fiscal, and economic effects of public expenditure. Proposed 
investments will be complementary to the existing system of utilizing private resources for urban 
retrofits and would result in a substantial positive climate impact (reduction of GHG emissions). 
Based on the consultations with the relevant federal ministries, primarily Ministry of Finance as the 
ultimate subsidy provider and the Ministry of Economic Development as the champion of the EE 
measures in the residential sector, further steps in analytical work can be made for detailed mod-
eling and structuring the proposed public investment program in residential energy efficiency. 
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1. Summary of approaches for 
estimation of socio-economic impacts 
of apartment building energy-
efficiency renovations

Experts have only recently begun to undertake socio-economic impact assessments of energy 
efficiency programs in Russia, whether broadly implemented or targeted towards housing in par-
ticular. However, this field of research is fast developing, and practitioners can draw on a wealth of 
relevant insights from existing international experience. Indeed, a wide range of methodological 
approaches to impact assessment can be found in current literature, with each considering vari-
ous aspects of this challenge.

The presented research endeavors to develop robust methodology to measure such socio-eco-
nomic effect as applicable to the Russian Federation (specifically the structure of employment, 
production of relevant materials and services, quantifiable ecological benefits and so on) and 
determine the drivers for its magnitude. Development of such methodology can be implemented 
in phases: from a more general high level “scoring” analysis based on a limited data immediate-
ly available for the analytics up to an in-depth comprehensive analytics and modelling using a 
bottom-up approach and detailed data from various regions for building correct estimations of 
effects.

In structuring this field of research, the following groups of publications can be distinguished:

1. Works concerning the assessment of direct and ‘inverse’ effects of improvements to 
housing energy efficiency.

This body of research includes considerations of the direct effects of apartment building EER proj-
ects for participants (homeowners, construction firms, companies generating and supplying pow-
er). The emphasis here is often on assessing the costs and benefits to participants; accordingly, 
standard cost/benefit analyses are employed, including calculations of the net present value of 
EER project spending. Considerable attention is paid to the impact of EER program cost structures 
and the employed discount rate on the investment attractiveness of these projects (Morrissey et 
al., 2013; Liu et al., 2018; Andersen et al., 2020).

These works also assess the direct effects of changes in energy demand, including changes in 
energy sector GHG emissions resulting from EER projects. These assessments employ a bot-
tom-up approach, relying on a combination of microeconomic data on the scope of an EER proj-
ect and a modelling of the prevailing energy generation structure and differences in emission 
rates therein (Bashmakov et al., 2011, Gillingham et al., 2018; Hirvonen et al., 2021).
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2. Works concerning a full assessment of the socio-economic impact of improving 
energy efficiency in housing

The focus of this research is the full range of EER projects’ socio-economic impacts, including 
considerations of intersectoral interactions and the impact of the reallocation to additional con-
sumption of goods and services of household savings on utility bills.

Among these works, two principal approaches to impact assessment can be discerned. The first 
revolves around the use of macro-econometric or computable general equilibrium (CGE) mod-
els to build business-as-usual and energy-efficiency scenarios. Estimates of the total impact are 
calculated from differences between these two scenarios. CGE models are used to calculate the 
impact on such macroeconomic indicators as gross output, GDP, and employment (Cambridge 
Econometrics, 2012; Cambridge Econometrics, 2015; Alexandri et al., 2016), as well as on GHG 
emissions (Bye et al., 2015).

An important element of many of these studies is the consideration of the ‘rebound effect’—that 
is, the difference between the expected energy savings based solely on an EER project’s tech-
nical parameters, and the actual energy savings that occur after the initial decrease in demand 
(and therefore prices) leads to a subsequent uptick in energy consumption. CGE models are 
also used to calculate the rebound effect (Figus et al., 2017; Brockway et al., 2021). Incorporating 
changes in energy prices allows for a more flexible analysis of EER projects costs and benefits to 
homeowners.

The second approach to impact assessment involves the employment of models based on In-
put-Output Tables. These ‘IO models’ allow for the estimation of EER project impacts on a wide 
range of macroeconomic indicators, as well as on GHG emissions. Perhaps owing to its conve-
nience and flexibility, this approach is the most common. Calculations may either be simplified by 
adopting a static model and excluding the impact of potential price changes and technological 
shifts (Liu et al., 2009; Garrett-Peltier, 2011; SEEA, 2013: Anderson et al., 2014; Oliveira Henriques 
et al., 2015; Mikulis et al., 2016; Brown et al., 2020) or made more complex by using either dynam-
ic IO models (Thomas et al., 2013; Hartwig et al., 2017; Uehara et al. 2018) or a combination of IO 
models and optimization models (Taliotis et al., 2020).

Each of the presented approaches has its advantages and disadvantages. When assessing direct 
effects, the bottom-up approach (moving from particular to general) is extremely time-consum-
ing and requires representativeness of the collected data. Meanwhile, the top-down approach 
(models based on generalized estimates and macroeconomic modeling) does not easily allow for 
a consideration of the peculiarities of an EER project (including regional climatic, price or other 
specific conditions, or technologies/materials employed). The bottom-up approach is preferable 
when attempting to capture Russia’s pronounced interregional differences: it is more accurate, 
albeit more demanding from a data standpoint.

In assessing the full impacts of EER projects, CGE models allow for the incorporation of price 
changes and therefore a consideration of the aforementioned rebound effect. However, this ap-
proach is less flexible and transparent than the use of models derived from Input-Output tables. 
While IO modeling does also allow for the incorporation of price shifts in complex dynamic models, 
these imply the construction of a basic macroeconomic scenario—the creation of which demands 
a high volume of input data. Moreover, calculation of the rebound effects in Russia is generally not 
a useful exercise, as energy tariffs and district heating regimes are regulated, not market based.



14 Summary of approaches for estimation of socio-economic impacts of apartment building energy-efficiency renovations

Accordingly, this research employs simplified IO models (based on static Leontief models with 
separate dynamization elements), which are more practical to address questions surrounding 
socio-economic impacts of EER projects in Russia. These models may also be used as the basis 
for further, more complex calculations based on broader local data as may be requested by the 
Russian policymakers.
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2. Methodology used to estimate 
impacts of apartment building 
energy-efficiency renovations 

This section presents the main features of the methodological approach employed in this work. 
Detailed descriptions of the methodology to assess socio-economic impacts of EER works in 
apartment buildings and associated calculation tools can be found in Appendices 1 and 2.

Figure 2.1 below illustrates the full system of interactions of effects arising from apartment EER 
projects. It is divided into three phases:

1. Initial stimulus, of which there are four types: a) EER capital expenditures; b) household savings 
on utility bills; c) growth in household demand for consumer goods; and d) reduction in domestic 
consumption of certain primary resources.

2. Direct effects, which are formed from the reaction of the economy to changes in final or inter-
mediate demand caused by the influence of each of the specified initial impulses, namely:

 ● an increase in the output of construction firms, as well as the output of companies supply-
ing the equipment, materials, and services consumed in EER works;

 ● a reduction of energy sector production and distribution of electricity, heat energy, gas 
and water;

 ● an increase in the output of the consumer goods and services sector; and

 ● an increase in the volume of primary resources exports.

3. Indirect and Induced Effects, reflecting the further spread of initial stimuli throughout the 
system of intersectoral links (that is, increases in intermediate demand and output in sectors that 
supply the resources of current material consumption), as well as the distribution of the various 
modes of income (wages, taxes, corporate profits) associated with these activities and their sub-
sequent spending.
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Calculations to assess the macroeconomic impact of apartment building EER projects involve the 
following steps:

1. estimation of sectoral output multipliers for gross output (aggregate increase in gross 
output per unit of increased output in a given sector)

The direct, indirect, and induced effects of increased sectoral output are determined in this step. 
Here the direct effect is by definition equal to a value of one, while indirect effects are estimated 
using a static Leontief model and a symmetric Input-Output table. Induced effects are calculat-
ed in the following stepwise manner: a) estimation of the induced increase in wages, taxes, and 
corporate profits due to direct and indirect effects; b) estimation of the induced increase in final 
demand using the average income elasticities of consumption of households, government, and 
businesses; c) determination of the induced increase in final demand for domestic products; and, 
finally, d) determination of the induced effect on gross output using a static Leontief model and 
the obtained estimates of the increase in final demand for domestic products (see Appendix 2 for 
further detail.)

2. estimation of per-unit direct effects on output in construction and in sectors supplying 
goods and services consumed by eer projects (rubles per ruble of eer spending)

Based on design estimates, a generalized capital-cost structure for a specific EER project is esti-
mated using individual component expenditures and the types of work to be performed. Per-unit 
costs are then calculated (i.e., cost per apartment building square meter), which are in turn used 
to construct a weighted average of capital costs across a sampling of EER projects.

3. estimation of per-unit impact (indirect, induced, and cumulative effects) of eer capital 
expenditures on output in various sectors (rubles per ruble of eer spending)

Figure 2.1: Macroeconomic impacts of EER of apartment buildings
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Each element of expenditure is assigned a corresponding multiplier. Multipliers for material costs 
are derived from sectoral output multipliers corresponding to the production of those materials. 
Those for wages, taxes, overhead costs, depreciation, and corporate profits, are calculated using 
a composite, defined as the combination of sectoral output multipliers weighted according to 
the expected spending of these revenues. For example, for wages, the multiplier is estimated by 
taking the sum of sectoral output multipliers weighted by the structure of household consumption 
(excluding imports in consumer spending), multiplied by the income elasticity of household con-
sumption.

Calculation of per-unit indirect and induced effects of EER capital expenditures on total output is 
performed by weighing the selected output multipliers by the structure of capital expenditures, 
excluding imports therein. The cumulative effect is calculated by summing these estimates with 
the direct effect (defined as a one-unit increment of construction output).

4. estimation of per-unit direct effects of increased apartment building energy efficiency on 
energy sector output (rubles per ruble of eer spending)

The direct effect of EER works on energy sector output are calculated as annual savings in utility 
bills in the reporting year in comparison to prior years. This is achieved by first taking the expect-
ed annual savings of individual apartment buildings (calculated using the ‘EER Assistant’ program) 
and then dividing total savings on utility bills across the entire sample of apartment buildings by 
total EER program capital expenditures to arrive at an estimate of rubles saved per ruble of EER 
capital expenditures.15 

5. estimation of per-unit indirect and induced effects of decrease in energy sector output 
on output in various sectors (rubles per ruble eer spending)

This is calculated by multiplying the direct effect on energy sector output obtained in the previous 
step by the sector’s multiplier, which captures indirect and induced effects.

6. estimation of per-unit direct effects of household savings on utility bills on output in 
sectors producing consumer goods (rubles per ruble of eer spending)

Household savings on utility bills are redistributed to other areas of consumer spending. It is as-
sumed that this spending aligns with the structure of household consumption presented in the 
Input-Output table, adjusted to exclude spending on energy.

7. estimation of per-unit indirect and induced effects of increased household consumer 
demand on output in various sectors (rubles per ruble of eer spending)

These effects are calculated by first summing the output multipliers of impacted sectors (weighted 
by the structure of induced consumer demand, excluding imports), and then multiplying the result 
by the income elasticity of household consumption.

8. estimation of per-unit reduction in domestic consumption of certain primary resources 
due to first three areas of initial stimulus (rubles per ruble of eer spending)

The total effects of EER capital expenditures, reduced energy sector output, and increased house-
hold consumer demand are added together to calculate the cumulative effect on output.

15  The ‘EER Assistant’ program was developed by specialists of the Fund to Promote Reform of Housing and Com-
munal Services. It allows users to calculate the expected reduction in energy consumption due to EER works in 
an apartment building with a given level of thermal performance. The program can be accessed here: https://
fondgkh.ru/napravleniya- deyatelnosti/energoeffektivnyy-kapremont/pomoshchnik-ekr00/pomoshchnik-ekr/
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9. estimation of per-unit increase in export of certain primary resources due to decreased 
resource intensity of national economy (rubles per ruble of eer spending)

Here an iterative calculation related to the intermediate consumption of primary resources in the 
production of exported products is carried out to accurately assess the export potential of primary 
resources (see Appendix 1).

10. estimation of per-unit impact (direct, indirect, and induced effects) of increased export 
of primary resources on output in various sectors (rubles per ruble of eer spending)

Estimated values of the increased export volumes of primary resources are multiplied by the cor-
responding output multipliers of sectors from which they are derived; the results are then added 
together.

11. estimation of per-unit impact (direct, indirect and induced effects) of all four areas of 
initial stimulus on output in various sectors (rubles per ruble of eer spending)

Estimates for direct, indirect, and induced effects on output in these areas are added together to 
calculate their total impact. 

12. estimation of per-unit impact (direct, indirect and induced effects) of initial stimuli on 
value added, taxes, and employment in various sectors (rubles per ruble of eer spending)

An estimate of the total impacts of the four areas of initial stimulus on value added is obtained 
using the ratios of value added to output by sector derived from an Input-Output table. Similar 
approaches are used to calculate per-unit effects on taxes and employment. For employment, 
estimates for labor intensity of various sectors are additionally required for these calculations.

13. estimation of gHg emissions in various sectors (grams co2 equivalent [g co2e] per 
ruble of output)

Per-unit volumes of direct emissions per ruble of output in various sectors can be derived using 
data from Russia’s National Inventory of Greenhouse Gas Emissions and estimates of sectoral 
consumption of intermediate products derived from Input-Output tables.

14. estimation of per-unit impact (direct, indirect, and induced effects) of initial stimuli on 
gHg emissions in various sectors (g co2e per ruble of eer spending)

The direct effects of EER works on GHG emissions can be calculated using a sampling of actual 
projects. A level of emissions reduction for a selected project can be estimated using the EER As-
sistant program; this value is then expressed on a per-unit basis divided it by the project’s capital 
expenditures. Project-level estimates are then assigned weights based on sample capital-cost 
structures, from which an estimate of the average per-unit direct effect is obtained.

Indirect and induced effects are calculated using the previously obtained estimates of total per-
unit effects of EER works on output by sector and the corresponding values for GHG emissions 
per unit of output in these sectors.

15. estimation of absolute impact (direct, indirect and induced effects) of eer spending on 
gross output, gDp, taxes, employment, and gHg emissions

Finally, the absolute effects of EER projects on various socio-economic indicators are calculated 
by multiplying obtained estimates of per-unit effects by specified amounts of funding for EER 
works.
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3. Scenario calculations to estimate 
per-unit impact of apartment building 
renovations

In conducting the following scenario analyses, values for sectoral output multipliers were first ob-
tained using Russia’s official symmetric Input-Output table for 2016 (see Table 3.1).

These calculations then served the basis for the estimation of per-unit macroeconomic impacts of 
apartment building renovation projects on gross output, value added, tax revenues, GHG emis-
sions, and employment, both in aggregate at the national level and across 98 individual sectors. 
Three scenarios of apartment building renovation programs were analyzed:

 ● Scenario 1: Standard apartment building renovation projects (i.e., without any energy-ef-
ficiency measures), comprised of the following works: repair of building facades; repair/
replacement of elevators and repair of elevator shafts; foundation repair; repair of intra-
building electrical, heat, gas, and water supply/wastewater disposal systems; roof repair; 
and repair of basements related to common property.

 ● Scenario 2: Standard apartment building EER projects, comprised of the following works: 
installation of an automated heating control system; installation of an automated local heat 
distribution station; increase of insulation in outer walls; repair of piping for interior heating 
and hot water supply systems; increase of attic insulation; increase of roof insulation; etc.

 ● Scenario 3: Minimal apartment building EER projects, within which just two types of work 
are performed: installation of an automated heating control system and installation of an 
automated local heat distribution station.

The analyzed scenarios reflect actual situation with the housing retrofits in Russia and are based 
on real data: usually capital repairs are implemented without targeted EE works/effect. In more rare 
cases when households can pretend for state EE subsidy, the capital repair works include targeted 
EE works and measures aiming to achieve energy savings. The scenario analysis was built on the 
data collected / developed by the WB research team from the same regions and in regard to com-
patible types of buildings. Using these homogenic data the authors were trying to understand what 
effects can be achieved if both types of capital repairs (standard – non-EE and targeted EE capital 
repairs) are implemented. As shown below, a simple and straightforward model used for this anal-
ysis proved that results of such combination will be positive economically wise and climate wise, 
despite of certain decrease in economic productivity due to smaller energy consumption. 

When running modelling and comparative analysis of implementation of MFB retrofits under vari-
ous scenarios, a hypothetic assumption was applied of what would happen if homeowners would 
receive public funding amounting up to 20% of current homeowners’ expenditures for the MFB 
retrofits with a specific purpose to finance energy efficiency improvements on top of regular cap-
ital repairs needed for the respective MFBs according to scheduled renovation plans depending 
on the dilapidation level.  That is how the amount of hypothetical 40 bln. RUB supplementary 
public funding appeared.



20 Scenario calculations to estimate per-unit impact of apartment building renovations

Table 3.1: Sectoral production multiplier estimates
Per-unit direct, indirect, and induced effects; rubles per ruble of output growth in selected sector

Per-unit cumulative effects

on gross 
output

on GDP on taxes
on emis-

sions 
(g CO

2
e)

Agricultural products 2.39 1.27 0.11 11.5

Plant-growing and animal husbandry services (ex-
cluding veterinary services, ornamental horticulture 
services)

2.34 1.31 0.12 13.5

Services related to hunting, catching, and breeding of 
wild animals

4.06 1.92 0.24 27.0

Forestry, logging, and related services 2.56 1.31 0.18 18.0

Fish and other products of fishing and fish farming; 
related services

2.41 1.21 0.21 18.2

Bituminous coal and brown coal (lignite); peat 2.69 1.30 0.19 75.8

Petroleum, including petroleum derived from bitumi-
nous minerals; oil shale (bituminous) and bituminous 
sandstone

2.13 1.43 0.39 17.1

Natural gas in a gaseous or liquefied state, including 
services for the liquefaction and regasification of natural 
gas for transportation

2.07 1.43 0.37 47.2

Services related to the extraction of oil and com-
bustible natural gas (excluding geological explora-
tion)

2.52 1.39 0.39 46.5

Uranium and thorium ores 2.23 1.28 0.09 19.1

Iron ores 2.40 1.33 0.21 21.6

Non-ferrous metal ores, excluding uranium and thorium ores 2.40 1.39 0.34 20.5

Other mining products 2.22 1.33 0.22 15.4

Meat, meat products and other processed animal products 2.98 1.24 0.12 11.0

Fish and fish products, processed and canned 2.28 1.22 0.14 10.2

Processed and canned fruits, vegetables, and potatoes 2.61 1.16 0.15 10.1

Animal and vegetable oils and fats 2.91 1.16 0.15 11.6

Dairy products and ice cream 2.96 1.23 0.14 12.0

Flour and cereal production, starches, and starch products 2.85 1.25 0.15 12.9

Animal feed 2.67 1.08 0.14 10.2

Other food products 2.72 1.16 0.15 11.7

Beverages 2.34 1.31 0.46 9.2

Tobacco products 1.92 1.37 0.76 5.0

Textiles 2.37 1.02 0.17 13.1

Clothing and accessories 2.38 1.13 0.17 9.6

Leather and leather goods 2.46 1.16 0.16 9.7

Services in forging, pressing, stamping, and profiling of 
sheet metal, production of products by powder metallurgy; 
metal processing and coating; processing of metal prod-
ucts using the main technological processes of mechanical 
engineering

2.78 1.25 0.20 17.7
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Per-unit cumulative effects

on gross 
output

on GDP on taxes
on emis-

sions 
(g CO

2
e)

Tools, cutlery, and general-purpose hardware; other finished 
metal products

2.78 1.23 0.20 17.4

Mechanical equipment, machine tools and other general or 
special purpose equipment

2.63 1.20 0.18 20.3

Household appliances not elsewhere classified 2.23 0.91 0.16 9.0

Office equipment and parts 2.43 1.10 0.21 7.6

Computers and other information processing equipment 2.28 1.12 0.20 7.1

Electrical machines and electrical equipment 2.62 1.19 0.22 15.9

Electronic components; equipment for radio, television and 
communication

2.34 1.18 0.20 9.0

Medical devices, including surgical equipment, orthopedic 
appliances

2.32 1.21 0.20 9.3

Devices and instruments for measurement, control, testing, 
navigation, control, regulation; optical devices, photographic 
and cinematographic equipment; watch

2.44 1.25 0.21 9.9

Motor vehicles, trailers, and semi-trailers 2.46 0.90 0.16 10.1

Ships, aircraft and spacecraft, other vehicles, and equipment 2.75 1.23 0.16 13.7

Furniture 2.60 1.17 0.15 12.4

Jewelry and similar items 2.87 1.24 0.18 14.7

Miscellaneous industrial products, not elsewhere classified 2.64 1.16 0.16 16.2

Secondary raw materials 3.06 1.25 0.18 18.3

Electricity generation, transmission, and distribution services 2.89 1.39 0.25 128.3

Artificial combustible gases and services for the distribution 
of gaseous fuels through pipelines

3.03 1.41 0.28 61.6

Steam and hot water (thermal energy), including transmis-
sion and distribution services

3.09 1.39 0.22 163.5

Collected and purified water, water distribution services 2.57 1.40 0.27 51.3

Construction works 2.50 1.28 0.18 15.0

Trade, maintenance and repair services of motor vehicles 
and motorcycles

2.28 1.26 0.21 8.6

Wholesale trade services, including trade through agents, 
excluding trade in motor vehicles and motorcycles

2.30 1.37 0.18 10.1

Retail trade services (excluding trade of motor 
vehicles and motorcycles); repair services for 
household goods and personal items; motor fuel 
retail services

2.35 1.38 0.17 11.0

Services of hotels, campgrounds, and other plac-
es for temporary residence

2.51 1.36 0.22 15.1

Catering services 2.48 1.30 0.16 9.4

Railway transport services 2.38 1.36 0.18 16.5

Other land transport services 2.45 1.34 0.17 41.4

Pipeline transportation services 2.49 1.34 0.16 37.8

Water transport services 2.43 1.29 0.22 13.4
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Per-unit cumulative effects

on gross 
output

on GDP on taxes
on emis-

sions 
(g CO

2
e)

Air and space transport services 2.57 1.09 0.12 17.0

Transport auxiliary and additional services; travel 
agency services

2.59 1.32 0.18 12.4

Postal and telecommunication services 2.28 1.30 0.22 8.7

Financial intermediation services 2.01 1.38 0.25 5.5

Insurance and non-state pension services, ex-
cept for compulsory social insurance services

2.29 1.27 0.20 6.2

Financial intermediation support services 2.16 1.42 0.32 6.1

Real estate services 2.13 1.42 0.16 9.9

Services for the rental of machinery and equip-
ment (without an operator), household goods and 
personal items

1.82 1.28 0.13 6.0

Computer and information technology software 
products and services

2.28 1.36 0.18 6.9

Research and experimental development ser-
vices

2.36 1.29 0.18 9.3

Other services related to business 2.30 1.40 0.18 8.7

Services in the field of public administration, mili-
tary security, and social security

2.38 1.44 0.15 11.1

Educational services 2.18 1.50 0.21 11.4

Health and social services 2.26 1.37 0.15 11.7

Wastewater and waste disposal, sanitation, and 
similar services

2.56 1.36 0.17 23.7

Services of public organizations, not included in 
other groups

2.69 1.44 0.19 11.1

Services for the organization of recreation, enter-
tainment, culture, and sports

2.34 1.38 0.19 10.1

Other personal services 2.19 1.34 0.14 11.4

Household services with employment 2.31 1.74 0.15 8.9
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3.1. Scenario 1 assumptions & calculation results

Data reported by regional repair operators for actual projects carried out from 2018 to 2020 was 
used to estimate the shares of spending on various works in Scenario 1 (non-energy-efficiency) 
renovations. They are as follows: 

 ● Repair of building interior engineering systems for electricity, heat, gas and water supply, 
wastewater disposal (24%);

 ● Repair or replacement of elevators, repair of elevator shafts (19%);

 ● Roof repair (27%);

 ● Repair of basements related to common property in apartment blocks (1%);

 ● Repair of facades (20%);

 ● Repair of foundations (1%); and

 ● Other (8%).

Additionally, design estimates from actual projects carried out in 16 apartment buildings were 
used to estimate cost structures for the above works. These projects were sampled from three 
Russian regions: Vologda region (10 buildings); Nizhny Novgorod region (5 buildings); and Kalin-
ingrad region (1 building).

An analysis of the design estimates produced the following estimated cost structure for a Scenar-
io 1 renovation project:

 ● General construction materials (8%);

 ● Insulation and waterproofing materials (10%);

 ● Metal structures and other products (14%);

 ● Pipes and pipeline fittings (6%);

 ● Lift equipment (12%);

 ● Other materials, equipment and services (5%);

 ● Overheads and depreciation (14%);

 ● Payroll (including personal income taxes and social insurance premiums) (12%);

 ● Estimated profit (6%); and

 ● Taxes (excluding personal and corporate income taxes) (13%).

Within this analysis, two further sub-scenarios have been considered with regards to the level of 
capital-cost localization. Table 3.2 presents low (85%) and full (100%) localization scenarios.
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Using the above assumptions (including 85% cost localization), an estimate of the per-unit impact 
of spending on a Scenario 1-type renovation on gross output was calculated; its components are 
presented below in Figure 3.1

Here it should be noted that there are significant indirect and induced effects, each of which is 
comparable to the direct effect of increased output of construction firms carrying out the reno-
vation works: one ruble of renovation-related capital expenditure generates RUB 2.89 of gross 
output in the Russian economy.

Figure 3.2 contributes the most to the overall impact (due to direct effects), significant output 
increases are also observed in several other sectors: machinery and equipment manufacturing 
(primarily due to spending on elevator equipment); wholesale and retail trade and repairs; met-

Table 3.2: Shares of imports in Scenario 1 capital cost structure

Low localization sce-
nario

Full localization 
scenario

Total share of imports in capital costs 
(For a given structure of capital costs)

15% 0%

General construction materials 5% 0%

Assembly and universal glue, paint, mounting foam 30% 0%

Sealant 5% 0%

Metal structures and other products 10% 0%

Mineral wool and polystyrene foam boards 0% 0%

Other thermal insulation materials 25% 0%

Waterproofing materials 0% 0%

Window blocks made of PVC profiles 5% 0%

Other plastic products 25% 0%

Pipeline fittings (except for control valves) 50% 0%

Control equipment (automated control systems, controllers, pumps, 
control valves)

90% 0%

Sensors, instruments for measurement and accounting 50% 0%

Electrical equipment 40% 0%

LED lamps 95% 0%

Elevator equipment 50% 0%

Machines and mechanisms (depreciation of assembly equipment) 50% 0%

Machines and mechanisms (depreciation of construction equipment) 60% 0%

Figure 3.1: Per-unit impact of Scenario 1 renovation on 
gross output
Rubles per ruble of renovation capital expenditures
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allurgy; real estate, science, IT, and other services; public administration, security, education, and 
healthcare (due to the induced effect from the spending of incremental budget revenues); trans-
portation and storage; and manufacturing of other non-metallic mineral products.

Figure 3.3 below presents estimates of the per-unit impact of a Scenario 1 renovation on GDP. 
Again, indirect and induced effects have a significant impact: one ruble of renovation-related cap-
ital expenditure generates RUB 1.35 in GDP growth.

Figure 3.4 presents estimates of the per-unit impact of a Scenario 1 renovation on budget reve-
nues. In this scenario, one ruble of renovation-related capital expenditure generates an additional 
RUB 0.26 of tax revenues.

Figure 3.2: Per-unit impact of Scenario 1 renovation on output by sector
Rubles per ruble of renovation capital expenditures

Figure 3.3: Per-unit impact of Scenario 1 renovation on 
gross output
Rubles per ruble of renovation capital expenditures
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In carrying out calculations in the context of Scenario 1, it is generally assumed that renovation 
works do not significantly change the thermal performance of apartment buildings or lead to a 
reduction in their energy consumption. The impact on emissions in this scenario is therefore 
due solely to the direct, indirect, and induced effects of renovation works. Figure 3.5 presents 
an estimate of the per-unit impact of a Scenario 1 renovation on GHG emissions. In this scenario, 
one ruble of renovation-related capital expenditure is associated with a rise of 20.63g CO2e in 
emissions.

Increasing the level of cost localization from 85% to 100% in Scenario 1 calculations increases 
the per-unit impact of renovation spending on each of the above socio-economic indicators. The 
multiplier for gross output increases from RUB 2.89 to RUB 3.23 (see Figure 3.6); for GDP, from 
RUB 1.35 to RUB 1.53; for budget revenues, from RUB 0.26 to RUB 0.29; for GHG emissions, from 
+20.6g CO2e to +23.3g CO2e.

Figure 3.4: Per-unit impact of Scenario 1 renovation on 
budget revenues
Rubles per ruble of renovation capital expenditures

Figure 3.5: Per-unit impact of Scenario 1 renovation on 
GHG emissions
g CO2e per ruble of renovation capital expenditures

Figure 3.6: Per-unit impact of Scenario 1 renovation on 
gross output
Rubles per ruble of renovation capital expenditures with 100% 
cost localization
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3.2. Scenario 2 assumptions & calculation results

To assess the impact of spending on standard EER works, estimates from 30 implemented proj-
ects were used. Projects were sampled from six Russian regions: Kaliningrad region (9 buildings); 
Lipetsk region (7 buildings); Nizhny Novgorod region (6 buildings); Vologda region (6 buildings); 
Moscow region (1 building); and Tyumen region (1 building).16

Analysis of these actual EER projects allowed for the construction of an estimated spending 
breakdown for a typical project by type of work performed:

 ● Increased heat insulation in outer walls (62%);

 ● Increased heat insulation of roof (10%);

 ● Installation of automated control unit for the heating system (9%);

 ● Installation of automated local heat distribution station (8%);

 ● Patching and sealing of inter-panel joints (2%);

 ● Repair of piping for interior heating and hot water supply systems (2%);

 ● Increased attic insulation (2%); and

 ● Other (5%)

The average cost structure for an EER project is estimated as follows:

 ● General construction materials (17%);

 ● Insulation and waterproofing materials (12%);

 ● Metal products (11%);

 ● Pipes and pipeline fittings (5%);

 ● Regulating equipment (7%);

 ● Other materials, equipment, and services (2%);

 ● Overheads and depreciation (14%);

 ● Payroll (17%);

 ● Estimated profit (8%); and

 ● Taxes (excluding personal and corporate income taxes) (7%).

Despite differences in cost structures (both in terms of areas of work and materials employed), 
the overall shares of imports in Scenario 2 cost-localization sub-scenarios are identical to those 
in Scenario 1 (Table 3. 3).

16  These are typical cases of EER projects carried out using funds accumulated in building savings accounts, which 
are funded by owners’ contributions. Upon completion of these works, calculations were performed when prepar-
ing applications for government financial support.
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Figure 3.7 shows the results of calculations to estimate the per-unit impact of standard EER proj-
ects on gross output, assuming 85% cost localization. Here it should be noted that the effects of 
EER works are distributed over time in a complex way: while the impact of capital expenditures 
is observed in the year(s) in which work is carried out, the impacts of increased household con-
sumption (due to savings on utility bills) and increased exports of certain primary resources (due 
to a decline in the energy intensity of the economy) are felt over time, after completion of the 
renovation works. The impacts of EER works in Scenarios 2 and 3 on socio-economic indicators 
are therefore measured cumulatively over a ten-year period.17

The figure 3.7 depicts the cumulative effects of four groups of impulses (here, in terms of impact 
on gross output) identified in Figure 2.1. Three yield positive values; one, a negative value. This is 
because an increase in the efficiency of energy consumption leads directly to a decrease in energy 
demand. At the same time, this decrease in energy demand is offset by the redistribution of con-
sumer demand to other sectors of the economy. Additionally, surplus primary resources (previously 
consumed in energy production) can be redirected to export markets (assuming both static produc-
tion volumes and sufficient export-market demand); this creates further economic impact.

As shown, the largest per-unit impact on gross output from Scenario 2 (standard EER) renovations 
is the RUB 2.92 increase (per ruble of spending) derived from the impact of project capital ex-
penditures. However, the consequent reduction in energy sector demand leads to a RUB -2.59 
decrease in gross output per ruble of spending (cumulative over 10 years). This decrease is par-
tially offset by increases in household demand (RUB +1.80) and exports of primary resources (RUB 
+0.22). The net impact of these factors is an increase of RUB 2.34 in gross output. This is lower 
than the impact of Scenario 1 on gross output (RUB +2.89). Figure 3.8 below show a breakdown 
of these impacts on output by individual sector.
17 In Scenario 1, the immediate impact of renovation works is roughly identical to the 10-year cumulative impact.

Table 3.3: Shares of imports in Scenario 2 capital cost structure

Low localization sce-
nario

Full localization 
scenario

Total share of imports in capital expenditures 
(For a given structure of capital expenditures)

15% 0%

General construction materials 5% 0%

Assembly and universal glue, paint, mounting foam 30% 0%

Sealant 5% 0%

Metal structures and other products 10% 0%

Mineral wool and polystyrene foam boards 0% 0%

Other thermal insulation materials 25% 0%

Waterproofing materials 0% 0%

Window blocks made of PVC profiles 5% 0%

Other plastic products 25% 0%

Pipeline fittings (except for control valves) 50% 0%

Control equipment (automated control systems, controllers, pumps, 
control valves)

90% 0%

Sensors, instruments for measurement and accounting 50% 0%

Electrical equipment 40% 0%

LED lamps 95% 0%

Machines and mechanisms (depreciation of assembly equipment) 50% 0%

Machines and mechanisms (depreciation of construction equipment) 60% 0%
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Figure 3.7: Per-unit impact of Scenario 2 renovation on gross output
Rubles per ruble of EER capital expenditures, cumulative over 10 years

Figure 3.8: Per-unit impact of Scenario 2 renovation on output by sector
Rubles per ruble of EER capital expenditures, cumulative over 10 years
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The strongest impacts on output of Scenario 2 EER spending occur in the construction and en-
ergy sectors (RUB +1.13 and RUB -1.22, respectively). The following sectors are also significantly 
impacted: wholesale and retail trade and repair; real estate, science & IT, and other services; 
manufacturing of non-metallic mineral products (related to construction and production of thermal 
insulation materials); transportation and storage; food and manufacturing of food products, tobac-
co, textiles & leather (light industry).

The impact of standard EER works on GDP is similar to gross output (Figure 3.9). Capital expen-
ditures create a positive impact (RUB +1.38 rubles per ruble of spending); a reduction in energy 
consumption has a negative effect (RUB -1.23). Increases in household demand and exports of 
primary resources are also positive (RUB +1.04 and RUB +0.13, respectively) leading to a total 
positive impact of RUB 1.33. Despite the difference in impact on gross output, the impact on GDP 
observed in Scenario 2 is close to that of Scenario 1 (RUB +1.35 rubles).

Estimates of Scenario 2’s per-unit impact on budget revenues is presented in Figure 3.10. The 
impacts of EER capital expenditures, increased household consumer demand, and increased pri-
mary resources exports are positive (RUB +0.25, RUB +0.14, and RUB +0.03 per ruble of spending, 
respectively) while and reduced energy consumption yields a negative effect (RUB -0.19). The 
cumulative effect of an RUB 0.22 increase is slightly lower than that of Scenario (RUB +0.26).

Figure 3.9: Per-unit impact of Scenario 2 renovation on GDP
Rubles per ruble of EER capital expenditures, cumulative over 10 years
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Figure 3.11 presents an estimate of the per-unit impact of Scenario 2 EER works on GHG emis-
sions. According to calculations, improving apartment building energy efficiency leads to a sig-
nificant reduction in GHG emissions (-203.4g CO2e per ruble of capital expenditures, cumulative 
over 10 years). The largest increase in emissions comes from the cumulative effects of project 
capital expenditures (+21.2g CO2e per), with the largest sectoral contributors being construction 
(+4.0g CO2e); transport and storage (2.7g CO2e); and production of non-metallic mineral products 
(+2.3g CO2e). The total impact of reduced energy sector consumption (-237.7g CO2e) is, unsurpris-
ingly, largely due to a decrease of sector emissions (-217.0g CO2e) related to electricity and heat 
production.

Increasing the level of cost localization from 85% to 100% in Scenario 2 calculations significantly 
increases the per-unit impacts of renovation spending on each of the above socio-economic 
indicators, with the exception of GHG emissions. The multiplier for gross output increases from 
RUB 2.34 to RUB 2.71 per ruble of EER spending, cumulative over 10 years (see Figure 3.12). 
For GDP, the increase is from RUB 1.33 to RUB 1.51; for budget revenues, from RUB 0.22 to RUB 
0.25. All else equal, increasing cost localization also slightly increases GHG emissions, bringing 
Scenario 2’s net impact from -203g to -201g CO2e.

Figure 3.10: Per-unit impact of Scenario 2 renovation on budget revenues
Rubles per ruble of EER capital expenditures, cumulative over 10 years
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Figure 3.11: Per-unit impact of Scenario 2 renovation on GHG emissions
g CO2e per ruble of EER capital expenditures, cumulative over 10 years

Figure 3.12: Per-unit impact of Scenario 2 renovation on gross output
Rubles per ruble of EER capital expenditures, cumulative over 10 years; 100% cost localization
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3.3. Scenario 3 assumptions & calculation results

To assess the socio-economic impacts of minimal energy-efficient apartment building renova-
tions, the same project estimates employed in Scenario 2 (derived from 30 implemented projects) 
were modified. However, instead of the actual cost structure, the following adjusted structure was 
employed in constructing Scenario 3: installation of automated control unit for the heating system 
(50%); and installation of automated local heat distribution station (50%).

Under these assumptions, resources are concentrated on financing less costly but more ener-
gy-efficient works. These significantly lower repair costs allow for a larger number of apartments 
to undergo EER works. The average cost structure for a given line of work is estimated as follows:

 ● Insulation and waterproofing materials (3%);

 ● Pipes and pipeline fittings (29%);

 ● Regulating equipment (38%);

 ● Other materials, equipment and services (2%);

 ● Overhead costs and depreciation (9%);

 ● Payroll, including personal income taxes and social insurance premiums (9%);

 ● Estimated profit (5%); and

 ● Taxes (excluding personal and corporate income taxes) (5%).

In Scenario 3’s localization sub-scenarios, assumptions regarding the shares of imports in the 
average project’s cost structure mirror those employed in Scenario 2 (see Table 3.4, below), but 
the proportional differences of materials used leads to the assumption of 50% imports under the 
low-localization scenario.

Figure 3.13 displays the results of calculations to estimate the per-unit impact of spending on 
a minimal EER project on gross output.18 Generally speaking, the dynamic of impacts is similar 
to the one observed under Scenario 2. At the same time, the positive impact of project capital 
expenditures is noticeably lower in Scenario 3 (RUB 2.08, compared to RUB 2.89 in Scenario 2) 
due to the greater proportion of imported regulating equipment. The negative impact of reduced 
energy consumption is also more pronounced (RUB -6.64, versus RUB -1.23), while the impact of 
increased household consumer demand is higher due to greater expected savings (RUB 4.60, 
compared to Scenario 2’s RUB 1.80). Still, a low level of cost localization means Scenario 3’s total 
net positive impact of RUB 0.59 is lower than those of the first two scenarios.

18 As in Scenario 2, estimates of per-unit multiplier effects are cumulative over a ten-year period.
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Table 3.4: Shares of imports in Scenario 3 capital cost structure

Low localization sce-
nario

Full localization 
scenario

Total share of imports in capital expenditures 
(For a given structure of capital expenditures)

50% 0%

General construction materials 5% 0%

Assembly and universal glue, paint, mounting foam 30% 0%

Sealant 5% 0%

Metal structures and other products 10% 0%

Mineral wool and polystyrene foam boards 0% 0%

Other thermal insulation materials 25% 0%

Waterproofing materials 0% 0%

Window blocks made of PVC profiles 5% 0%

Other plastic products 25% 0%

Pipeline fittings (except for control valves) 50% 0%

Control equipment (automated control systems, controllers, pumps, 
control valves)

90% 0%

Sensors, instruments for measurement and accounting 50% 0%

Electrical equipment 40% 0%

LED lamps 95% 0%

Machines and mechanisms (depreciation of assembly equipment) 50% 0%

Machines and mechanisms (depreciation of construction equipment) 60% 0%

Figure 3.13: Per-unit impact of Scenario 3 renovation on gross output
Rubles per ruble of capital expenditures, cumulative over 10 years
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Figure 3.14 below show a breakdown of these impacts on output by individual sector. As with 
larger-scale projects, minimal EER works have the greatest per-unit impacts on output in the 
construction sector (positive) and in the energy sector (negative). Other impacted sectors include 
wholesale and retail trade and repair; real estate, science & IT, and other services; food and man-
ufacturing of food products, tobacco, textiles & leather; and machinery and equipment manufac-
turing.

The impacts of minimal EER projects on GDP are similar to those on gross output (Figure 3.15): 
capital expenditures have a positive impact (RUB 0.82), reduced residential energy consumption 
has a negative impact (RUB -3.15), and increases in consumer demand and exports again gener-
ate positive impacts (RUB 2.67 and RUB 0.34, respectively). The resulting multiplier effect on Rus-
sia’s GDP is RUB 0.69 per ruble of capital expenditures (cumulative over 10 years). The magnitude 
of this impact is roughly half that of those for Scenarios 1 and 2; again, this is due to a low level of 
cost localization.

Scenario calculations to estimate per-unit impact of apartment building renovations

Figure 3.14: Per-unit impact of Scenario 3 renovation on output by sector
Rubles per ruble of capital expenditures, cumulative over 10 years
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Figure 3.16 presents an estimate of the per-unit impact of Scenario 3 EER works on budget reve-
nues. The impacts of capital expenditures, increased household consumer demand, and an ex-
pansion of exports are positive (RUB +0.15, RUB +0.36 rubles, and RUB +0.08, respectively), while 
the effect of reduced utility sector output is significantly negative (RUB -0.50). Together, these 
effects produce a net per-unit impact on budget revenues of RUB +0.09 per ruble of capital ex-
penditure (cumulative over 10 years). This is again notably lower than Scenario 1 and 2 calculation 
outcomes.

The strongest relative impact of Scenario 3 EER works can be observed in their impact on GHG 
emissions (Figure 3.17, below). Per-unit emissions reductions significantly exceed those observed 
in Scenario 2 (-562g CO2e versus -203g CO2e per ruble of capital expenditures, cumulative over 
10 years). This is mainly due to the impact of reduced energy sector output, which accounts for 
a 609g CO2e decrease in emissions. (Of this decrease, 573g CO2e is directly attributable to the 
energy sector alone, while the balance is due to intersectoral interactions.)

Increasing the assumed level of cost localization in Scenario 3 from 50% to 100% significantly 
improves the performance of minimal EER projects in terms of impact on other socio-economic 
indicators: the multiplier for gross output rises from RUB 0.59 to RUB 1.88 (see Figure 3.18, below). 
For GDP, the increase is from RUB 0.69 to RUB 1.30; for budget revenues, from RUB 0.09 to RUB 
0.19. GHG emissions are higher, but only slightly: instead of decreasing by 562g CO2e, they fall 
by 554g CO2e.

Figure 3.15: Per-unit impact of Scenario 3 renovation on GDP
Rubles per ruble of capital expenditures, cumulative over 10 years
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Figure 3.16: Per-unit impact of Scenario 3 renovation on budget revenues
Rubles per ruble of capital expenditures, cumulative over 10 years

Figure 3.17: Per-unit impact of Scenario 3 renovation on GHG emissions 
Tonnes CO2e per million rubles of capital expenditures, cumulative over 10 years
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3.4. Comparison of scenario result calculations

Estimates of socio-economic impacts for each of this section’s three apartment building renova-
tion scenarios are presented in Table 3.5 below. In general, the calculated multipliers for gross 
output, GDP, and budget revenues do not differ greatly between Scenarios 1 and 2 in aggregate 
terms. At the same time, they are significantly higher that Scenario 3’s multipliers, owing to this 
scenario’s relatively low level (50%) of cost localization.

The slightly higher estimates of per-unit impact on gross output and budget revenues in Scenario 
1 compared to Scenario 2 indicate a greater macroeconomic efficiency of spending on standard 
(non-energy efficient) renovation works. However, Scenario 1 predicts higher GHG emissions, 
while emissions fall under Scenario 2. Similarly, the macroeconomic efficiency of Scenario 3 ren-
ovation works is relatively low, but the benefit in terms of reduced GHG emissions is almost three 
times higher than in Scenario 2.

From the standpoint of budget revenues, Scenario 1 renovation works yield the greatest impact 
(RUB 0.26 in additional tax receipts, compared to RUB 0.22 in Scenario 2 and just RUB 0.09 in 
Scenario 3). However, both Scenario 2 and 3 renovations yield positive impacts in terms of re-
duced carbon emissions. It is therefore worth considering certain tradeoffs between benefits to 
the state budget and those to the climate. 

Figure 3.18: Per-unit impact of Scenario 3 renovation on gross output
Rubles per ruble of capital expenditures, cumulative over 10 years; 100% cost localization
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Table 3. 6 presents a breakdown by sector of per-unit impacts on socio-economic indicators. 
Noteworthy here are the positive impacts experienced by the construction sector broadly and the 
negative impacts experienced by the energy sector under Scenarios 2 and 3: apartment building 
energy-efficiency renovations noticeably reduce both output and employment in this sector.

It is worth noting that data from 2010 to 2019 show a general decline in one segment of Russia’s 
energy sector: heating. During this period, domestic consumption of heat energy (excluding net-
work losses) fell from 1,267 to 1,177 million Gcal, an average annual decline of 0.8%. The most 
likely explanation for this trend is a tightening of energy efficiency requirements for new housing 
construction and major renovations of apartment buildings. Looking ahead, as there are currently 
no drivers for growth of heat energy consumption in Russia, consumption is expected to continue 
to fall. 

According to Rosstat, heat supply tariffs are uneconomical in about 70 of the Russian Federation’s 
constituent entities. This translates into underinvestment in the sector and leads to increases in 
the depreciation and failure rates of existing infrastructure. To maintain current and projected 
future levels of intensive use, Russia’s energy sector faces the urgent task of modernizing gener-
ation and network infrastructure.

However, increased efficiency of heat consumption is not the reason that Russia’s energy sector 
faces this dire situation of aging infrastructure: exceedingly low tariffs—and therefore negative 
profitability—are the culprits. Indeed, system decentralization and increased efficiency of energy 
consumption is a natural consequence of the current situation, as these solutions allow consum-
ers to achieve greater reliability and higher quality of heat supply. Moreover, without increases 
in apartment building energy efficiency, the heating sector can be expected to accumulate large 
losses, thereby requiring additional state subsidies for continued operations. Therefore, despite 
the potentially negative impacts of apartment building EER programs on the energy sector, they 
can also be seen to be benefiting it by alleviating some degree of pressure on its associated 
infrastructure. In this sense, energy efficiency programs can be seen to correspond to Russia’s 
strategic priorities in economic development.
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4. Scenario calculations to estimate 
absolute effects of apartment building 
renovations

The Government of the Russian Federation is currently in the process of implementing a national 
program to renovate apartment buildings. From 2018 to 2020, annual spending related to this 
program averaged approximately 200 billion rubles, with financing for individual projects provid-
ed largely by homeowners’ compulsory monthly payments. Considering the high levels of deteri-
oration in Russia’s housing stock, these levels of funding are insufficient to address the challenge 
of modernizing the nation’s residential sector. Rather, amounts are only able to cover a modest 
volume of standard (non-energy-efficient) repair works.

Using the multipliers obtained in the analysis of Scenario 1 above, it is possible to estimate the 
absolute socio-economic impacts of the current program’s implementation. Figure 4.1 presents 
estimates the total impact on GDP of a program of standard (non-energy-efficient) apartment 
building renovations with 200 billion rubles (constant 2021 prices) in annual financing.

As the calculation results show, implementation of the planned program generates about 270 
billion rubles annually for the Russian economy, relative to a scenario in which the repair works 
are not performed. This additional amount is equal to 0.23% of Russia’s 2019 GDP. For the period 
of 2021 to 2030, the cumulative effect is an estimated RUB 2.72 trillion (2021 prices), or 2.3% of 
Russia’s 2019 GDP.

Estimates of the absolute impact on budget revenues are shown in Figure 4.2. Assuming that the 
program is financed mainly by homeowners, it is estimated to add about 53 billion rubles (2021 
prices) annually to the state budget.

Figure 4.1: Absolute impact on GDP of implementation of current (non-energy-efficient) 
apartment building renovation program 
Billion rubles (2021 prices)
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Estimates of the absolute impact on GHG emissions are shown in Figure 4.3. While the program 
results in an increase in emissions in each year of the period, the impact is less in later years due 
to expected increases in the efficiency of primary-resource use.

Considering the inadequacy of planned renovation works (relative to current building wear rates) 
and the need to improve apartment building energy efficiency (both from heating-infrastructure 
and emissions/climate-change standpoints), the possible implementation of an additional pro-
gram of EER works, and the impact thereof, should also be considered.

Due to the low payment capacity of homeowners, the burden of financing such an additional pro-
gram would likely fall to the state. Here it is worth referencing the above calculations, which show 
that the government’s planned renovation programs can be expected to generate 50-55 billion 
rubles annually in additional tax revenues. (Even with more conservative estimates of indirect and 
induced effects, calculations of additional tax receipts come out to at least 40 billion rubles per 
year.) These funds could be used to finance EER works. (While actual mechanisms through which 
budgetary resources are disbursed may be different, for simplicity of calculations, it is assumed 
for the following estimates that these funds are used to directly finance energy efficiency mea-
sures, without additional funding from homeowners, banks, or private investors.)

Estimates of the impact of additional implementation of a standard (Scenario 2) apartment build-
ing EER program on GDP are shown in Figure 4.4.

Figure 4.2: Absolute impact on budget revenues of implementation of current (non-energy-
efficient) apartment building renovation program  
Billion rubles (2021 prices)

Figure 4.3: Absolute impact on GHG emissions of implementation of current (non-energy-
efficient) apartment building renovation program  
Million tonnes CO2e
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Here, the impact of the planned (non-energy-efficient) program is excluded and the period under 
consideration is extended to 2040 to capture the long-term impacts of EER works. For the peri-
od of 2021 to 2030, annual EER capital expenditures are assumed to be 40 billion rubles (2021 
prices). No capital expenditures are assumed from 2031 to 2040; socio-economic impacts are the 
result of repair works in previous years. 

Under this scenario, additional EER spending is expected to generate 53-55 billion rubles of GDP 
per year from 2021 2030. From 2031 to 2040, the impact on GDP is expected to be negative (3-4 
billion rubles) compared to a scenario in which repair works are not carried out. In aggregate, im-
pact of addition spending on EER works is 510 billion rubles, or 0.4% of Russia’s 2019 GDP.

The implementation of this program is forecast to lead to nearly a 9 million tonne CO2e reduction 
in annual GHG emissions by 2030 (Figure 4.5). This is equal to 0.4% of Russia’s total 2019 emis-
sions.

Figure 4.4: Absolute impact on GDP of additional implementation of standard apartment building 
EER program 
Billion rubles (2021 prices)

Figure 4.5: Absolute impact on GHG emissions of additional implementation of standard apartment 
building EER program  
Million tonnes CO2e
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The implementation of a standard EER program and the consequential reduction of residential 
energy consumption negatively impact indicators for the energy sector, including output, value 
added, taxes, and employment. The magnitude of these declines is fairly moderate, however (see 
Figure 4.6 and Figure 4.7).

Declines in utility-sector employment are not necessarily negative, as these reductions free up 
labor resources that may be absorbed by other, more economically productive sectors—many of 
which face chronic labor shortages. The friction associated with transitioning workers from one 
sector to another does present challenges, however.

An alternative to a comprehensive housing modernization program aimed at improving energy 
efficiency is a program of minimal EER works. The latter implies lower per-unit spending per 
apartment building, but much greater coverage. Figure 4.8 shows an estimation of the absolute 
impact of such a program, again assuming 40 billion rubles (2021 prices) in annual spending from 
2021-2030.

Figure 4.6: Absolute impact on energy sector output of additional implementation of standard 
apartment building EER program 
Billion rubles (2021 prices)

Figure 4.7: Absolute impact on energy sector employment of additional implementation of standard 
apartment building EER program 
Thousand persons employed



47Scenario calculations to estimate absolute effects of apartment building renovations

Here, estimated impact on GDP is significantly lower than that of the standard EER program, both 
for 2021-2030 (due to a lower level of cost localization), and for 2031-2040 (due to a greater re-
duction in energy consumption). The decline in yearly impact on GDP from 33 billion rubles in 2021 
to 27 billion rubles in 2030 is caused by two factors: a decline in residential energy consumption 
and an assumed increase in the energy efficiency of the broad economy. The cumulative effect 
over the 2021-2040 period is 218 billion rubles (2021 prices), or 0.2% of Russia’s 2019 GDP.

Figure 4.9 presents an estimate of a minimal EER program’s impact on GHG emissions. By 2030, 
these energy efficiency measures will reduce annual emissions by about 22 million tonnes of 
CO2e, or 1.1% of Russia’s total 2019 emissions. This impact is almost three times larger than that 
of the standard EER program. Here the program’s cumulative effect should be noted: impact of 
repair works in the reporting year are added to impact of previous years.

Figure 4.8: Absolute impact on GDP of additional implementation of minimal apartment building 
EER program 
Billion rubles (2021 prices)

Figure 4.9: Absolute impact on national GHG emissions of additional implementation of minimal 
apartment building EER program 
Billion rubles (2021 prices)
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As in the case of the standard EER program, the implementation of a minimal EER program nega-
tively impacts the energy sector. Again, the impact is relatively moderate, with declines in output 
(Figure 4.10), value added, budget revenues, and employment (Figure 4.11) of up to 1.3%. While 
these impacts can create additional challenges for the energy sector, reductions in demand also 
have the potential to reduce the volumes of capital expenditures necessary to modernize gener-
ation facilities and heating networks.

Figure 4.10: Absolute impact on energy sector output of additional implementation of minimal 
apartment building EER program 
Billion rubles (2021 prices)

Figure 4.11: Absolute impact on energy sector employment of additional implementation of minimal 
apartment building EER program 
Thousand persons employed
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In summary, the macroeconomic impacts from the additional implementation of either standard 
or minimum energy-efficient renovation programs are significantly smaller than those associated 
with the current program of standard (non-energy-efficient) renovations (see Table 4.1). At the 
same time, these programs significantly reduce GHG emissions—enough to compensate for the 
increased emissions associated with the current program. The annual reduction in GHG emis-
sions is found to be greater under the minimal EER scenario: 22 million tonnes CO2e by 2030, 
compared to nearly 9 million tonnes CO2e in the standard EER scenario. It can therefore be con-
cluded that such a program—even with a limited amount of funding—could significantly contribute 
to Russia’s efforts to pursue a strategy of low-carbon economic development.

Cumulative budget revenues from the additional implementation of standard and minimal EER 
programs are estimated to be 83 billion rubles and 18 billion rubles (2021 prices), respectively 
(see Table 4.2). Assuming full budgetary financing, about 21% of standard EER program costs are 
returned to the budget; the rate is just 5% for the minimal EER program (assuming 50% cost lo-
calization). These rates can be increased by reducing the level of subsidies provided for capital 
expenditures related to EER projects. The burden of financing EER can also be partly shifted to 
homeowners as long as targeted support is provided to lower-income households and wealthier 
households clearly understand the benefits of voluntary participation in the program. In other 
words, the EER program should be structured in such a way as to a) have transparent and stable 
rules; and b) provide participating homeowners participating with a guaranteed and relatively 
high level of passive income from their investments.

In Table 4.3 and Table 4.4 below, estimates of the absolute impacts are provided for three sce-
narios: 1) the current program of standard (non-energy-efficient) apartment building renovations; 
2) the current program combined with the simultaneous, additional implementation of a program 
of standard EER works; and 3) the current program combined with the program of minimal EER 
works.

For the period of 2021 to 2040, implementation of Scenario 2 repair works yields a cumulative 
impact on gross output of RUB 6.46 trillion (2021 prices), relative to a scenario in which repair 
works are not carried out. For GDP, the impact is RUB 3.23 trillion; for budget revenues, RUB 0.61 
trillion (RUB 0.21 trillion if full budget financing of EER works is assumed); for GHG emissions, the 
impact is -89.8 million tonnes of CO2e. Impacts of Scenario 2 renovations can also be expressed 
on a per-unit basis. One ruble of capital expenditures yields RUB 2.69 rubles in gross output. For 
GDP the per-ruble impact is RUB 1.35; for budget revenues, RUB 0.26 (RUB 0.09 assuming budget 
financing for EER); for GHG emissions, approximately -37g CO2e per ruble of capital expenditure.

For the same period, implementation of Scenario 3 repair works produces a cumulative impact on 
gross output of RUB 5.61 trillion (2021 prices), relative to a scenario in which repair works are not 
carried out. For GDP, the impact is RUB 2.94 trillion; for budget revenues, RUB 0.55 trillion (RUB 
0.15 trillion assuming budget financing for EER); for GHG emissions, the impact is -307.5 million 
tonnes of CO2e. On a per-ruble basis, the impact on gross output is RUB 2.34; on GDP, RUB 1.22; 
on budget revenues, RUB 0.23 (RUB 0.06 assuming budget financing for EER); on GHG, approx-
imately -128g CO2e.

For comparison, the impact on gross output of one ruble of capital expenditures under Scenario 
1 is RUB 2.83. On GDP, it is RUB 1.36; budget revenues, RUB 0.27; and it leads to an estimated 
increase of 20g CO2e in GHG emissions. 
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52 Scenario calculations to estimate absolute effects of apartment building renovations
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Conclusion

Improving the energy efficiency of the residential sector has become an increasing priority for gov-
ernments globally, due to the associated implications for the sustainability of economic growth, 
the productive use of non-renewable energy resources, and the need to address environmental 
challenges. In higher-income countries, it is often the government setting the energy-efficiency 
agenda through the creation of policies that impact a wide variety of actors involved in the deci-
sion-making, planning, financing, and execution of apartment building renovation programs.

Actual delivery of these policies supporting EER to the end-user can take various forms, including 
comprehensive programs offered to homeowners by commercial lenders backed by conces-
sional financing. Such programs are in place at the national level in Germany and Japan, and at 
the municipal level in New York and Paris. International experience shows that subsidies are the 
prevailing mechanism for supporting apartment building EER works. Funding often comes from 
multiple sources, including federal, regional, and municipal budgets, as well as from multilateral 
financial institutions in many developing nations. In Germany and Japan, the determination of the 
economic rationale for a given subsidy policy is clear and transparent; this can be considered 
best practice.

For example, in Germany, the most significant EER program is supported by the state-owned de-
velopment bank KfW (originally founded in the postwar years as Kreditanstalt für Wiederaufbau, 
or ‘Credit Institute for Reconstruction’). Annually, KfW oversees the granting of €1.5-2.0 billion in 
federal subsidies for energy-efficient construction and modernization works. KfW program ben-
eficiaries can choose between grants and concessional loans. In 2016, the bank issued approx-
imately 126,000 concessional loans. On average, KFW subsidy amounts to 25-30% of project 
costs. While is it imprecise to compare directly KFW actuals and projected effects as per this re-
port, they broadly match, at least in terms of the climate impact. Thus, estimated marginal climate 
effect impact of the proposed EER program is about the same19. 

The volume of annual financing for apartment building renovations (largely derived from home-
owner contributions) in Russia is currently of about 200 billion rubles, of which less than 0.2% 
purposefully is spent on energy-efficiency measures. According to rough estimates, these reno-
vation works contribute over 50 billion rubles to the state budget each year. Using these finan-
cial resources to finance an additional apartment building energy-efficiency renovation program 
would make a significant contribution towards the strategic goal of national carbon-emissions 
reduction. 

While the presented estimates require further investigation to more accurately reflect the specific 
conditions of Russia’s regions, they demonstrate the strong potential socio-economic impacts 
of energy-efficient renovation works in the residential sector. Each ruble spent on standard EER 
generates GDP growth of RUB 1.33 (RUB 0.69 for minimal EER). A portion is also returned to the 
budget in the form of RUB 0.22 in additional tax revenues (RUB 0.09 for minimal EER). But the 

19  Germany KFW 12-year averages – 0.59 million tons CO2 eq per year for RUB 460 billion equivalent annual invest-
ment (1.4 tons CO2 eq per RUB million). Projected Russian figures– 0.45 million tons CO2 eq per year for RUB 240 
billion annual investment – 1.9 tons CO2 eq per RUB million.
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greatest consequence of these projects is their impact on greenhouse gas emissions: with annual 
financing for these projects of 40 billion rubles, Russia’s annual emissions can be reduced by as 
much as 22 million tons of CO2e, or 1.1% of the nation’s 2019 emissions total20.

Policies related to energy-efficiency renovation works must be formulated with specific regional 
challenges in mind, especially in the context of their incorporation into regional pilot projects. 
Doing so will require analysis of the socio-economic consequences of renovation and other en-
ergy-efficiency measures at the level of the Russian Federation’s constituent entities.

20  Detailed regional assessment of the housing stock conditions and appropriate EER measures will likely lead to 
region-specific quantification of the effects, which may materially differ from the presented top-level country-wide 
figures and should be taken into account in design of the region-specific investment programs. Additionally, op-
erational inefficiencies in program delivery present a significant risk for its success and should be assessed and 
mitigated as appropriate. 
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Appendix 1. Methodology for estimating the macroeconomic impact of measures to 
improve apartment building energy efficiency 

The cumulative macroeconomic impact of the implementation of measures to improve the 
energy efficiency of apartment buildings consists of the following components: 

1) The impact of EER project capital expenditures (formation of additional demand for 
resource-saving equipment, thermal insulation materials, construction and assembly 
works, and other goods and services employed in the renovation process); 

2) The impact of EER capital expenditures in stimulating new manufacturing of materials 
necessary for energy-efficient renovation projects (formation of additional final 
demand for capital goods); 

3) The impact of changes in the structure of household consumption (reduction in 
spending on utilities and formation of additional demand for various consumer goods 
and services); and 

4) The impact of growth in export volumes of primary resources due to a decrease in the 
resource intensity of the national economy. 

In addition to these impacts, measures to improve the efficiency of apartment buildings may 
also have the following second-order effects: 

• Impact on the financial sector (wider use of loans, green bonds, and other financial 
products); and 

• Impact on the service sector (formation of additional demand for services in the field 
of EER project certification). 

In calculating the macroeconomic impact of the main components listed above, the 
following assumptions are employed: 

• Decreases in household energy demand will not lead to significant shifts in the 
structure of electricity or heat generation, or to a change in the technological 
coefficients for the sector’s direct spending on various inputs of production (i.e., the 
current general structure of national energy production costs); and 

• A decrease in the physical volumes of domestic consumption of primary resources 
leads to comparable growth in the export of these resources holding domestic 
production volumes constant, with Russian raw-material price competitiveness and 
export market demand capacity also assumed. 

appendix 1. Methodology for 
estimating the macroeconomic 
impact of measures to improve 
apartment building energy efficiency
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Methodology for assessing per-unit macroeconomic impacts 

Impact of capital expenditures on apartment building energy-efficiency renovation works 

This impact includes: 

• Direct effects of increased construction-sector output (proximate incremental output, 
value added, and tax revenues; employment in firms carrying out EER works); 

• Indirect effects of increased output in sectors that directly and indirectly (i.e., through 
a chain of inter-industry links) supply resources consumed in EER works, including 
production of insulation, building materials, fuel, and weather-linked automation 
equipment, etc.; and 

• Induced effects throughout the whole economy due to emergence of new final 
demand from households, government, and businesses (due to expenditure of 
additional income received in the form of wages, taxes, and corporate profits) in 
sectors impacted by direct and indirect effects. 

The direct effects on GDP from spending on EER of apartment buildings is calculated using 
the following formula: 

∆𝐺𝐺𝐺𝐺𝐺𝐺�������� = 𝑊𝑊 𝑊 𝑊𝑊𝑊𝑊𝐺𝐺 𝑊 𝑊𝑊𝑊𝑊𝑊𝑊 𝑊 𝐺𝐺𝑊𝑊 

where: 

∆𝐺𝐺𝐺𝐺𝐺𝐺��������  – direct effect on GDP of EER capital expenditures;  

𝑊𝑊 – wages paid by construction firms carrying out EER works (labor costs excluding social 
insurance premiums and personal income taxes); 

𝑊𝑊𝑊𝑊𝐺𝐺 – social insurance premiums paid by construction firms carrying out EER works; 

𝑊𝑊𝑊𝑊𝑊𝑊 – tax payments by construction firms carrying out EER works (including employee 
personal income taxes); and 

𝐺𝐺𝑊𝑊 – construction firms’ profit and fixed-asset depreciation. 

The indirect and induced effects on GDP from spending on apartment building EER works 
are calculated using the following formula: 
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∆𝐺𝐺𝐺𝐺𝐺𝐺�������� = � 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶� 𝑊 �� � 𝑖𝑖𝑊𝑊𝑖𝑖�� 𝑊 𝑊𝑊𝑊𝑊𝑊𝑊𝐶𝐶𝑊𝑊𝑊𝑊�
�

���
+ 𝑊𝑊 𝑊 𝑊𝑊 𝑊 𝑊𝑊𝑊𝑊𝑊𝑊𝐶𝐶𝑊𝑊𝑊𝑊 ��� + 

+ 𝑇𝑇𝑊𝑊𝑇𝑇 𝑊 𝑇𝑇 𝑊 𝑊𝑊𝑊𝑊𝑊𝑊𝐶𝐶𝑊𝑊𝑊𝑊 �� + 𝐺𝐺𝑃𝑃 𝑊 𝑃𝑃 𝑊 𝑊𝑊𝑊𝑊𝑊𝑊𝐶𝐶𝑊𝑊𝑊𝑊 ��� 

where: 

∆𝐺𝐺𝐺𝐺𝐺𝐺��������  – indirect and induced effects on GDP of EER capital expenditures; 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶� – renovation project spending on product type j (equipment, thermal insulation, etc.); 

𝑖𝑖𝑊𝑊𝑖𝑖� – share of production cost of product j attributable to imports; 

𝑊𝑊𝑊𝑊𝑊𝑊𝐶𝐶𝑊𝑊𝑊𝑊� – production multiplier for j (increase in GDP per incremental unit output of j); 

𝑊𝑊 – average income elasticity of household consumption (calculated using data on individual 
elements of institutional accounts for Russia; a value of 0.91 is recommended); 

𝑊𝑊𝑊𝑊𝑊𝑊𝐶𝐶𝑊𝑊𝑊𝑊 ��� – household consumption multiplier (increase in GDP per incremental unit of 
household consumption); 

𝑇𝑇 – average income elasticity of government consumption (calculated using data on 
individual elements of institutional accounts for Russia; a value of 0.65 is recommended); 

𝑊𝑊𝑊𝑊𝑊𝑊𝐶𝐶𝑊𝑊𝑊𝑊 �� – government consumption multiplier (increase in GDP per incremental unit of 
government consumption); 

𝑃𝑃 – average elasticity of fixed-capital investment by profit (calculated using data on individual 
elements of institutional accounts for Russia; a value of 0.52 is recommended); and 

𝑊𝑊𝑊𝑊𝑊𝑊𝐶𝐶𝑊𝑊𝑊𝑊 ��� – construction fixed-capital investment multiplier (increase in GDP per 
incremental unit of investment). 
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Production multipliers for various types of goods and services employed in EER works are 
calculated using data on the structure of their production costs, as well as sectoral 
production multipliers: 

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚� � � 𝛼𝛼�
� ∙ �1 − 𝑖𝑖𝑚𝑚𝑖𝑖�

�� ∙ 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚�

�

���
+  

+𝑤𝑤� ∙ 𝛾𝛾 ∙ � 𝛽𝛽� ∙ (1 − 𝑖𝑖𝑚𝑚𝑖𝑖� �) ∙ 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚� +
�

���
 

+𝑚𝑚𝑚𝑚𝑡𝑡� ∙ 𝜎𝜎 ∙ � 𝜔𝜔� ∙ �1 − 𝑖𝑖𝑚𝑚𝑖𝑖�� �� ∙ 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚�

�

���
+ 

+𝑖𝑖𝑝𝑝� ∙ 𝜇𝜇 ∙ � 𝑚𝑚�
� ∙ �1 − 𝑖𝑖𝑚𝑚𝑖𝑖���� �� ∙ 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚�

�

���
 

where: 

𝛼𝛼�
� – share of product j sales revenues allocated to purchases of intermediate products from 

sector i; 

𝑖𝑖𝑚𝑚𝑖𝑖�
� – share of imports in intermediate products of sector i used in the production process 

of output j; 

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚� – sectoral production multiplier for sector i (increase in GDP per incremental unit of 
output for sector i); 

𝑤𝑤� – share of product j sales revenues allocated to labor costs (excluding social insurance 
premiums and employee personal income taxes); 

𝛽𝛽� – share of sector i products in household consumption expenditures (estimated using the 
‘household consumption’ column of the symmetric Input-Output table); 

𝑖𝑖𝑚𝑚𝑖𝑖� � – share of imports in household consumption of sector i products (estimated using 
the Input-Output table and import matrix); 

𝑚𝑚𝑚𝑚𝑡𝑡� – share of product j sales revenues allocated to taxes (including employee personal 
income taxes, excluding social insurance premiums); 
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21  Sectoral production multipliers can also be calculated using the Input-Output table. These can reflect not only on 
impact on GDP, but also on gross output, tax revenues, employment, and greenhouse gas emissions (through 
sectoral proportions between these indicators and value added). These multiples can be used to estimate the 
impact of renovation works on corresponding macroeconomic indicators.
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𝜔𝜔� – share of sector i products in government consumption expenditures (estimated using 
the ‘government consumption’ column of the symmetric Input-Output table); 

𝑖𝑖𝑖𝑖𝑖𝑖���� – share of imports in government consumption of sector i products (estimated using 
the Input-Output table and import matrix); 

𝑖𝑖𝑝𝑝� – share of product j sales revenues allocated to net profit and amortization; 

𝑡𝑡�� – share of product j fixed-capital costs attributable to products of sector i (estimated using 
data on the specific structure of fixed-capital formation in different sectors and the structure 
of fixed-capital formation within the following sectoral groups: ‘Construction and assembly 
works’, ‘Machinery and equipment’, and ‘Other’); 

𝑖𝑖𝑖𝑖𝑖𝑖������ – share of imports in sector i product capital expenditures (estimated using a input-
output table and import matrix); 

Sectoral production GDP multipliers, as well as household consumption, government 
consumption, and construction investment multipliers, are estimated using the symmetric 
Input-Output table and a static Leontief model.10 Variances in climatic and other conditions 
in Russian regions in which EER projects are implemented are taken into account by 
assuming capital expenditure volumes and structures typical of these regions. 

EER project capital expenditure amounts and associated cost structures depend on the 
activities performed (e.g., installation of control and regulation units in heating and hot-water 
supply systems, improvement of roof thermal insulation, improvement of external wall 
thermal insulation, etc.). The cost structure for each of these activities is estimated by the 
types of products consumed, associated labor costs, expected profits, and taxes, with 
values derived from cost estimates from a sampling of actual EER projects. In calculating 
multiplier effects, an EER project’s total capital expenditure and cost structures by activity 
are specified; from these spending by product type is calculated. 

Sectoral production GDP multipliers and other calculation parameters can change markedly 
over time. For this reason, multiplier calculation must be carried out for each year of a given 
period, using data on EER projects not for the entire period, but rather for specific years. 

 

                                          
10 Sectoral production multipliers can also be calculated using the Input-Output table. These can reflect not only on 
impact on GDP, but also on gross output, tax revenues, employment, and greenhouse gas emissions (through sectoral 
proportions between these indicators and value added). These multiples can be used to estimate the impact of 
renovation works on corresponding macroeconomic indicators. 

21
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The cumulative effect on GDP from capital expenditures on apartment EER works in region 
q in reporting year t is calculated using the following formula: 

∆𝐺𝐺𝐺𝐺𝐺𝐺�����
� (𝑡𝑡) = ∆𝐺𝐺𝐺𝐺𝐺𝐺�����

��� � (𝑡𝑡) + ∆𝐺𝐺𝐺𝐺𝐺𝐺�����
��� � (𝑡𝑡) = 

= 𝑊𝑊�(𝑡𝑡) + 𝑆𝑆𝑆𝑆𝐺𝐺�(𝑡𝑡) + 𝑇𝑇𝑇𝑇𝑇𝑇�(𝑡𝑡) + 𝐺𝐺𝑃𝑃�(𝑡𝑡) + 

+ � 𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡�
�(𝑡𝑡) ∙ �1 − 𝑖𝑖𝑖𝑖𝑖𝑖�(𝑡𝑡)� ∙ 𝑖𝑖𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚𝑇𝑇�(𝑡𝑡) +

�

���
 

 + 𝑊𝑊�(𝑡𝑡) ∙ 𝛾𝛾 ∙ 𝑖𝑖𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚𝑇𝑇 ���(𝑡𝑡) + 𝑇𝑇𝑇𝑇𝑇𝑇�(𝑡𝑡) ∙ 𝜎𝜎 ∙ 𝑖𝑖𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚𝑇𝑇 ��(𝑡𝑡) + 

+ 𝐺𝐺𝑃𝑃�(𝑡𝑡) ∙ 𝜇𝜇 ∙ 𝑖𝑖𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚𝑇𝑇 ���(𝑡𝑡) 

 

Impact of capital expenditures in stimulating new manufacturing of materials necessary for 
energy-efficient renovation works 

Meeting the growing demand for resource-saving equipment, thermal insulation materials, 
and other products employed in apartment building EER projects requires investment in new 
manufacturing capacity, which creates additional final demand for financial-sector products. 
These in turn generate new multiplier effects—direct, indirect, and induced. 

The cumulative effect on GDP from capital expenditures related to the investment in new 
production capacity of EER project inputs in the reporting year t is calculated using the 
following formula: 

∆𝐺𝐺𝐺𝐺𝐺𝐺���(𝑡𝑡) = � 𝑆𝑆𝐼𝐼𝑚𝑚�(𝑡𝑡) ∙ � 𝑡𝑡��(𝑡𝑡) ∙ �1 − 𝑖𝑖𝑖𝑖𝑖𝑖���� �(𝑡𝑡)� ∙ 𝑖𝑖𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚𝑇𝑇�(𝑡𝑡)
�

���

�

���
 

where: 

∆𝐺𝐺𝐺𝐺𝐺𝐺���(𝑡𝑡) – impact on GDP of capital expenditures related to investment in new 
production capacity of EER project inputs in reporting year t; 

𝑆𝑆𝐼𝐼𝑚𝑚�(𝑡𝑡) – investments in fixed assets in sector s related to the development of new 
production capacity of EER project inputs in reporting year t; and 

𝑡𝑡��(𝑡𝑡) – share of sector s capital expenditures attributable to spending on outputs of sector 
i (estimated using data on the specific structure of fixed-capital formation in different sectors, 
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and the sectoral structure of fixed-capital formation in the ‘Construction and assembly 
works’, ‘Machinery and equipment’, and ‘Other’ sectoral groups) in reporting year t. 

The volume of fixed-capital investments in sectors providing inputs for EER projects can be 
determined using assumed annual levels of input consumption under a given scenario and 
the corresponding capital intensity of the production of such inputs. Capital intensity is 
estimated as the ratio of fixed-asset investments to average real output growth over a period 
of five to seven years. 

Impact of changes in the structure of household consumption 

The implementation of EER works in apartment buildings further implies a decrease in the 
intensity of residential heat and electricity consumption on a per-unit basis. This then leads 
to reduction in household expenditures on utilities (in terms of intersectoral balance, a 
decrease in the final demand for energy sector output), assuming unchanged tariffs. 
Household savings on utility bills can be channeled into additional consumption of other 
goods and services. Put differently, the resulting decline in energy sector final demand and 
increase in final demand in other sectors creates further multiplier effects—direct, indirect, 
and induced. 

The cumulative effect on GDP from changes in the structure of household consumption 
driven by capital expenditures on apartment EER works in region q in reporting year t is 
calculated using the following formula: 

∆𝐺𝐺𝐺𝐺𝐺𝐺���� (𝑡𝑡) = −∆𝐶𝐶��(𝑡𝑡) ∙ 𝑚𝑚𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚𝑚𝑚�(𝑡𝑡) + 

+��∆𝐶𝐶��(𝑡𝑡) − 𝐺𝐺�(𝑡𝑡)� ∙ 𝜌𝜌� ∙ �� − �𝑚𝑚����(𝑡𝑡)� ∙ 𝑚𝑚𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚𝑚𝑚�(𝑡𝑡)
�

���
 

where: 

∆𝐺𝐺𝐺𝐺𝐺𝐺���� (𝑡𝑡) – impact on GDP of changes in structure of household consumption in region 
q in reporting year t; 

∆𝐶𝐶��(𝑡𝑡) – household savings on utility bills resulting from apartment building EER works in 
region q in reporting year t; 

𝑚𝑚𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚𝑚𝑚�(𝑡𝑡) – sectoral production GDP multiplier for sector e (energy sector) in reporting 
year t; 
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𝐷𝐷�(𝑡𝑡) – household savings on utility bills allocated to servicing of loans used to finance EER 
works in region q in reporting year t (𝐷𝐷�(𝑡𝑡) ≤ ∆𝐶𝐶��(𝑡𝑡));11 
𝜌𝜌� – share of sector k output in structure of household consumption, less spending on utility 
services, where k ≠ e (i.e., sectors other than energy); 

𝑖𝑖𝑖𝑖𝑖𝑖���(𝑡𝑡) – share of imports in household consumption of sector k output, (where k ≠ e) in 
reporting year t; and 

𝑖𝑖𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚𝑚𝑚�(𝑡𝑡) – sectoral production GDP multiplier of sector k (where k ≠ e) in reporting year 
t. 

Impact of growth in export volumes of primary resources 

Assuming constant levels of production, a reduction in domestic consumption of primary 
resources from EER works creates the potential for those resources to be sold in export 
markets. The export of volumes released due to the impact of the three types of multiplier 
effects described above creates yet another new set of direct, indirect, and induced 
multiplier effects. 

The cumulative effect on GDP from growth in export volumes of primary resources is 
calculated using the following formula: 

∆𝐺𝐺𝐷𝐷𝐺𝐺���(𝑡𝑡) =�∆𝐸𝐸𝐸𝐸𝑖𝑖�(𝑡𝑡) ∙ 𝑖𝑖𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚𝑚𝑚�(𝑡𝑡)
�

���
 

where: 

∆𝐺𝐺𝐷𝐷𝐺𝐺���(𝑡𝑡) – impact on GDP from an increase in volumes of primary resources resulting 
from EER works to apartment buildings; 

∆𝐸𝐸𝐸𝐸𝑖𝑖�(𝑡𝑡) – change in export volumes of sector i output due to EER-related decreases in 
national-economy resource intensity, where 𝑖𝑖 = 𝑖𝑖 𝑚𝑚���� (sectors producing primary resources 
such as gas, oil and oil products, coal, basic chemical products, metals and ores, agricultural 
raw materials, wood products, etc.) in reporting year t. 

                                          
11 This value depends on the chosen financing model for EER works. If works are funded using either previously 
accumulated savings or a financing method that does not require additional contributions from households, 𝐷𝐷�(𝑡𝑡) =
0. If additional contributions are necessary, the value is positive. 

 

22  This value depends on the chosen financing model for EER works. If works are funded using either previously 
accumulated savings or a financing method that does not require additional contributions from households, D^q 
(t)=0. If additional contributions are necessary, the value is positive.

22
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Calculating the potential export volumes of primary resources requires an iterative 
approach: 

Step 1: Determination of the level of demand reduction for primary resources due to EER 
capital expenditures, investments in new production capacity, and changes in the structure 
of household consumption (summation of changes in output in impacted sectors);12 

Step 2: Calculation of primary-resource sector output under the assumption that a volume 
equal to that of reduced domestic demand (Step 1) is exported (multiplying primary-resource 
volumes by their corresponding sectoral output multipliers and summing the obtained 
estimates for all sectors);13 

Step 3: Calculation of adjustment factors to normalize export volumes, taking into account 
the intermediate consumption of exported raw materials in the production of export 
products (dividing Step 2 sectoral output volumes by Step 1 output volumes);14  

Step 4: Calculation of normalized primary-resource export volumes, taking into account 
intermediate consumption (dividing Step 1 volumes by their corresponding Step 3 sectoral 
adjustment factors).15 

 

 

 

 

 

 

 

 

                                          
12 Effects on output are calculated similarly to effects on GDP. Here, however, sectoral output multipliers are used, 
rather than GDP multipliers. (A detailed description of the methodology for calculating sectoral production output 
multipliers can be found in Appendix 2.) Using these values, output growth in various sectors (including those that 
produce primary resources) can be calculated. 
13 Intermediate raw-material consumption is therefore taken into account in the production of export products. 
14 It is assumed that raw-material production volumes remain unchanged. 

15 For a more exact calculation of potential primary-resource export volumes, 2-3 iterations of such 
calculations may be necessary. 

23  Effects on output are calculated similarly to effects on GDP. Here, however, sectoral output multipliers are used, 
rather than GDP multipliers. (A detailed description of the methodology for calculating sectoral production output 
multipliers can be found in Appendix 2.) Using these values, output growth in various sectors (including those that 
produce primary resources) can be calculated.

24 Intermediate raw-material consumption is therefore taken into account in the production of export products.
25 It is assumed that raw-material production volumes remain unchanged.
26  For a more exact calculation of potential primary-resource export volumes, 2-3 iterations of such calculations may 

be necessary.

23

24

25

26
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Methodology for assessing cumulative macroeconomic impact 

The final multiplier effect on GDP from apartment building EER projects across all regions in 
the full period under consideration is calculated using the following formula: 

∆𝐺𝐺𝐺𝐺𝐺𝐺��� = � ��∆𝐺𝐺𝐺𝐺𝐺𝐺�����
� (𝑡𝑡) + ∆𝐺𝐺𝐺𝐺𝐺𝐺���(𝑡𝑡) + ∆𝐺𝐺𝐺𝐺𝐺𝐺���

� (𝑡𝑡) + ∆𝐺𝐺𝐺𝐺𝐺𝐺���(𝑡𝑡)�
�

���

�

���
 

∆𝐺𝐺𝐺𝐺𝐺𝐺��� = � �[𝑊𝑊�(𝑡𝑡) + 𝑆𝑆𝑆𝑆𝐺𝐺�(𝑡𝑡) + 𝑇𝑇𝑇𝑇𝑇𝑇�(𝑡𝑡) + 𝐺𝐺𝑃𝑃�(𝑡𝑡) +
�

���

�

���
 

+ � 𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡�
�(𝑡𝑡) ∙ �1 − 𝑖𝑖𝑖𝑖𝑖𝑖�(𝑡𝑡)� ∙ 𝑖𝑖𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚𝑇𝑇�(𝑡𝑡) +

�

���
 

+ 𝑊𝑊�(𝑡𝑡) ∙ 𝛾𝛾 ∙ 𝑖𝑖𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚𝑇𝑇 ���(𝑡𝑡) + 𝑇𝑇𝑇𝑇𝑇𝑇�(𝑡𝑡) ∙ 𝜎𝜎 ∙ 𝑖𝑖𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚𝑇𝑇 ��(𝑡𝑡) + 

+ 𝐺𝐺𝑃𝑃�(𝑡𝑡) ∙ 𝜇𝜇 ∙ 𝑖𝑖𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚𝑇𝑇 ���(𝑡𝑡) + 

+ � 𝑆𝑆𝐼𝐼𝑚𝑚�(𝑡𝑡) ∙ � 𝑡𝑡��(𝑡𝑡) ∙ �1 − 𝑖𝑖𝑖𝑖𝑖𝑖���� �(𝑡𝑡)� ∙ 𝑖𝑖𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚𝑇𝑇�(𝑡𝑡)
�

���

�

���
+ 

+ � �∆𝐶𝐶�
�(𝑡𝑡) − 𝐺𝐺�(𝑡𝑡)� ∙ 𝜌𝜌� ∙ �1 − 𝑖𝑖𝑖𝑖𝑖𝑖� �(𝑡𝑡)� ∙ 𝑖𝑖𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚𝑇𝑇�(𝑡𝑡) −

�

���
 

−∆𝐶𝐶�
�(𝑡𝑡) ∙ 𝑖𝑖𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚𝑇𝑇�(𝑡𝑡) + � ∆𝐸𝐸𝑇𝑇𝑖𝑖�(𝑡𝑡) ∙ 𝑖𝑖𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚𝑇𝑇�(𝑡𝑡)]

�

���
 

Key aspects of calculations 

Most of the calculation parameters described above—including production GDP multipliers, 
shares of imports in intermediate and final consumption, and shares of wages, taxes and 
profits in sales revenues are obtained using a national-level symmetric Input-Output table.16 

One of the key aspects of these calculations is their dynamization: exogenous parameters 
within the forecast period are adjusted in accordance with future development trends. 
Foremost, this includes an overall increase in the efficiency of primary-resource use in the 

                                          
16 A table for 2016 can accessed at: https://rosstat.gov.ru/storage/mediabank/baz-tzv-2016.xlsx. 

27 A table for 2016 can accessed at: https://rosstat.gov.ru/storage/mediabank/baz-tzv-2016.xlsx.

27
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broader Russian economy. This trend is reflected in calculations of sectoral production GDP 
and other multipliers through adjustments to coefficients for direct costs (i.e., multiplying 
coefficient base values by an index value for broad economy resource intensity in a given 
reporting year). Additionally, the calculation of GDP multipliers allows for exogenous 
specification of the share of imports in domestic consumption. Various scenarios of import 
substitution can therefore be considered. 

Another key aspect of these calculations is their scenario-oriented nature. This allows for 
the modeling of various approaches to financing apartment building EER works as well as a 
comparative analysis of their effectiveness. The key exogenous parameters that determine 
the magnitude of the multiplier effect of measures for apartment building EER works are as 
follows: 

• Type and volume of EER project financing. The program’s financing scheme—the use 
of debt (including green bonds), the presence of any state subsidies, and/or the use 
of building’s capital-expenditures savings fund—are relevant to calculations. 

• Investments in the production of inputs of EER works. Higher levels of 
investments/lower shares of imports yield greater levels of final macroeconomic 
impact. 

• Structure of EER costs. This influences the impacts of EER project capital expenditures, 
as well as that of increases in consumer demand and exports of primary resources. 
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Methodology for assessing budgetary efficiency of support for energy-efficient 
renovation of housing stock 

The final multiplier effect on tax revenues from apartment building EER projects across all 
regions in the full period under consideration is calculated using the following formula: 

 

∆𝑇𝑇𝑇𝑇𝑇𝑇��� = � ��∆𝑇𝑇𝑇𝑇𝑇𝑇�����
� (𝑡𝑡) + ∆𝑇𝑇𝑇𝑇𝑇𝑇���(𝑡𝑡) + ∆𝑇𝑇𝑇𝑇𝑇𝑇���

� (𝑡𝑡) + ∆𝑇𝑇𝑇𝑇𝑇𝑇���(𝑡𝑡)�
�

���

�

���
 

∆𝑇𝑇𝑇𝑇𝑇𝑇��� = � � �[𝑇𝑇𝑇𝑇𝑇𝑇�(𝑡𝑡) + 𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡�
�(𝑡𝑡) ∙ �1 − 𝑖𝑖𝑖𝑖𝑖𝑖�(𝑡𝑡)� ∙ 𝑖𝑖𝑚𝑚𝑚𝑚𝑡𝑡𝑡𝑡𝑇𝑇𝑇𝑇�(𝑡𝑡)

�

���

�

���

�

���
+ 

+ 𝑊𝑊�(𝑡𝑡) ∙ 𝛾𝛾 ∙ 𝑖𝑖𝑚𝑚𝑚𝑚𝑡𝑡𝑡𝑡𝑇𝑇𝑇𝑇 ���(𝑡𝑡) + 𝑇𝑇𝑇𝑇𝑇𝑇�(𝑡𝑡) ∙ 𝜎𝜎 ∙ 𝑖𝑖𝑚𝑚𝑚𝑚𝑡𝑡𝑡𝑡𝑇𝑇𝑇𝑇 ��(𝑡𝑡) + 

+ 𝑃𝑃𝑃𝑃�(𝑡𝑡) ∙ 𝜇𝜇 ∙ 𝑖𝑖𝑚𝑚𝑚𝑚𝑡𝑡𝑡𝑡𝑇𝑇𝑇𝑇 ���(𝑡𝑡) + 

+ � 𝐼𝐼𝐼𝐼𝐼𝐼�(𝑡𝑡) ∙ � 𝑡𝑡��(𝑡𝑡) ∙ �1 − 𝑖𝑖𝑖𝑖𝑖𝑖���� �(𝑡𝑡)� ∙ 𝑖𝑖𝑚𝑚𝑚𝑚𝑡𝑡𝑡𝑡𝑇𝑇𝑇𝑇�(𝑡𝑡)
�

���

�

���
+ 

+ � �∆𝐶𝐶�
�(𝑡𝑡) − 𝐷𝐷�(𝑡𝑡)� ∙ 𝜌𝜌� ∙ �1 − 𝑖𝑖𝑖𝑖𝑖𝑖� �(𝑡𝑡)� ∙ 𝑖𝑖𝑚𝑚𝑚𝑚𝑡𝑡𝑡𝑡𝑇𝑇𝑇𝑇�(𝑡𝑡) −

�

���
 

−∆𝐶𝐶�
�(𝑡𝑡) ∙ 𝑖𝑖𝑚𝑚𝑚𝑚𝑡𝑡𝑡𝑡𝑇𝑇𝑇𝑇�(𝑡𝑡) + � ∆𝐸𝐸𝑇𝑇𝑖𝑖�(𝑡𝑡) ∙ 𝑖𝑖𝑚𝑚𝑚𝑚𝑡𝑡𝑡𝑡𝑇𝑇𝑇𝑇�(𝑡𝑡)]

�

���
 

where: 

∆𝑇𝑇𝑇𝑇𝑇𝑇���  – impact on tax revenues from apartment building EER work across all regions in 
the full period under consideration; 

∆𝑇𝑇𝑇𝑇𝑇𝑇�����
� (𝑡𝑡) – impact on tax revenues of EER project capital expenditures in region q in 

reporting year t; 

 ∆𝑇𝑇𝑇𝑇𝑇𝑇���(𝑡𝑡) – impact on tax revenues of capital expenditures related to investment in new 
production capacity of EER project inputs in reporting year t; 

∆𝑇𝑇𝑇𝑇𝑇𝑇���
� (𝑡𝑡) – impact on tax revenues of changes in structure of household consumption in 

region q in reporting year t; 
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∆𝑇𝑇𝑇𝑇𝑇𝑇���(𝑡𝑡) – impact on tax revenues of growth in export volumes of primary resources 
resulting from EER projects in reporting year t; and 

𝑚𝑚𝑚𝑚𝑚𝑚𝑡𝑡𝑡𝑡𝑇𝑇𝑇𝑇�(𝑡𝑡) – sectoral production multiplier for tax revenues of sector i (increase in total tax 
revenues per unit of increased output in sector i according to the symmetric Input-Output 
table [see Appendix 2]) in the reporting year t. 

The budgetary efficiency of government support for EER works is determined by the ratio 
of budget expenditures to the present value of incremental tax revenues resulting from such 
works. 

Final assessment of the effectiveness of budget expenditures depends on the sign of the 
indicator E, which is calculated as follows: 

𝐸𝐸 𝐸��−𝑆𝑆𝑚𝑚𝑆𝑆𝑆𝑆(𝑡𝑡) + ∆𝑇𝑇𝑇𝑇𝑇𝑇������ (𝑡𝑡) + ∆𝑇𝑇𝑇𝑇𝑇𝑇���(𝑡𝑡) + ∆𝑇𝑇𝑇𝑇𝑇𝑇��� (𝑡𝑡) + ∆𝑇𝑇𝑇𝑇𝑇𝑇���(𝑡𝑡)
(1 + 𝑟𝑟)���

�

���

�

���
 

where: 

𝑆𝑆𝑚𝑚𝑆𝑆𝑆𝑆(𝑡𝑡) – budgetary expenditures to cover costs of apartment building EER works, as well 
the cost of any interest-rate subsidy granted to loans used to finance EER projects across 
all regions in reporting year t;17 and 

𝑟𝑟 – discount rate (yields of ruble-denominated OFZ treasury bond with maturities of less 
than one year may be used here). 

  

                                          
17 A detailed description of the methodology for assessing the amount of budgetary spending to support 

apartment building EER works is presented in Appendix 2. 

28  A detailed description of the methodology for assessing the amount of budgetary spending to support apartment 
building EER works is presented in Appendix 2.

28
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Appendix 2. Methodology for estimating sectoral production multipliers based on Input-
Output tables 

Basic definitions 

Sectoral production multipliers for key macroeconomic indicators are defined as follows: 

• Gross output – total increase in gross output (rubles per ruble of initial increase in 
sector output); 

• GDP – total increase in GDP (rubles per ruble of initial increase in sector output); 

• Budget revenues – total increase of national tax revenues (rubles per ruble of initial 
increase in sector output); 

• Employment – total increase in national employment (measured in thousands of 
persons employed per million rubles of initial increase in sector output); and 

• Greenhouse gas emissions – total increase in national greenhouse gas emissions 
(measured in tonnes of CO2e per million rubles of initial increase in sector output). 

Calculation tools 

In estimating sectoral production multipliers, the symmetric Input-Output table (intersectoral 
balance) is used. Its structure is schematically shown in Table A.1. The intersectoral balance 
is comprised of three segments: 

• Intermediate consumption (first quadrant), which consists of elements 𝑋𝑋�� , which are 
estimated values for sector j consumption of sector i outputs (𝑖𝑖𝑖 𝑖𝑖 𝑖 𝑖𝑖 𝑖𝑖�����); 

• Final consumption (second quadrant), which consists of estimated values for individual 
components of final demand, namely: household consumption, government 
consumption, fixed-capital formation, increases in inventories, and exports; and 

• Value added (third quadrant): consists of estimated values for components of value 
added in various sectors, namely: wages, social insurance premiums, taxes, and profits 
(including depreciation). 

  

appendix 2. Methodology for 
estimating sectoral production 
multipliers based on Input-Output 
tables
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Table A.1. Structure of symmetric Input-Output table
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 1. Sector 1 X11 X12 X13 … X1n C1 GC1 GFCF1 St1 Exp1
Imp1 X1

 2. Sector 2 X21 X22 X23 … X2n C2 GC2 GFCF2 St2 Exp2
Imp2 X2

 3. Sector 3 X31 X32 X33 … X3n C3 GC3 GFCF3 St3 Exp3
Imp3 X3

 … … … … … … … … … … … … …

 … … … … … … … … … … … … …

 n. Sector n Xn1 Xn2 Xn3 … Xnn Cn GCn GFCFn Stn Expn
Impn Xn

Value added VA1 VA2 VA3 … VAn

including:
Wages W1 W2 W3 … Wn

Social insurance premi-
ums

Taxes (less subsidies) Tax1 Tax2 Tax3 Taxn

Profits Pr1 Pr2 Pr3 Prn

Gross output X1 X2 X3 Xn
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Profits Pr1 Pr2 Pr3  Prn        

Gross output X1 X2 X3  Xn        

 

For each sector in the table, each row of intersectoral balance (values in the first and second 
quadrants) reflects the structure of the use of the sector’s output. Each sector’s intersectoral 
column (values in the first and third quadrants) shows the distribution of sales income 
resulting from its production. The main identity of the table’s intersectoral balance is that the 
sum of a given sector’s row elements is equal to the sum of its column elements: these are 
two breakdowns of the value of the sector’s output. 

Methodological basis for calculations 

The methodology for calculating sectoral production multipliers for various sectors of the 
economy is derived from the basic equation of Leontief’s static model of intersectoral 
balance: 

�⃗�𝑋 = (𝐸𝐸 𝐸 𝐸𝐸)�� ∙ 𝑌𝑌�⃗  , 

where �⃗�𝑋 – vector of output in various sectors; 

𝑌𝑌�⃗  – vector of final demand for outputs of various sectors, minus imports; 

𝑌𝑌�⃗ = 𝐶𝐶 + 𝐺𝐺𝐶𝐶�����⃗ + 𝐺𝐺𝐺𝐺𝐶𝐶𝐺𝐺�����������⃗ + 𝑆𝑆𝑆𝑆���⃗ + 𝐸𝐸𝐸𝐸𝐸𝐸�������⃗ 𝐸 𝐼𝐼𝐼𝐼𝐸𝐸��������⃗  

𝐶𝐶 – household consumption vector; 

𝐺𝐺𝐶𝐶�����⃗  – government consumption vector; 

𝐺𝐺𝐺𝐺𝐶𝐶𝐺𝐺�����������⃗  – fixed-capital formation vector; 

𝑆𝑆𝑆𝑆���⃗  – inventory growth vector; 

𝐸𝐸𝐸𝐸𝐸𝐸�������⃗  – export vector; 

𝐼𝐼𝐼𝐼𝐸𝐸��������⃗  – import vector; 

𝐸𝐸 – unit matrix of n x n dimension, where n is the number of sectors outlined in the 
intersectoral balance; and 
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𝐴𝐴 – matrix of technological coefficients (coefficients of direct input spending), consisting of 
elements 𝑎𝑎�� , which show how much production of sector i is required to produce a unit of 
output in sector j: 𝑎𝑎�� = 𝑋𝑋��/𝑋𝑋�. 

𝐴𝐴 =

⎝
⎜
⎛ 

𝑎𝑎�� 𝑎𝑎��
𝑎𝑎�� 𝑎𝑎��

⋯    𝑎𝑎��
⋯    ⋯

⋯ ⋯
𝑎𝑎�� 𝑎𝑎��

⋯   ⋯
⋯   𝑎𝑎�� ⎠

⎟
⎞

 

The basic equation of the static model of the intersectoral balance can be transformed and 
expressed as: 

�⃗�𝑋 = (𝐸𝐸 𝐸 𝐴𝐴∗)�� ∙ 𝑌𝑌�⃗ ∗ , 

where 𝑌𝑌�⃗ ∗ – vector of final demand for domestic products of various sectors, the components 
of which are: 

𝑌𝑌�∗ = 𝐶𝐶� ∙ (1 𝐸 𝑖𝑖𝑖𝑖𝑖𝑖� �) + 𝐺𝐺𝐶𝐶� ∙ (1 𝐸 𝑖𝑖𝑖𝑖𝑖𝑖�� �) + 𝐺𝐺𝐺𝐺𝐶𝐶𝐺𝐺� ∙ (1 𝐸 𝑖𝑖𝑖𝑖𝑖𝑖���� �) + 

+𝑆𝑆𝑆𝑆� ∙ (1 𝐸 𝑖𝑖𝑖𝑖𝑖𝑖�� �) + 𝐸𝐸𝐸𝐸𝑖𝑖� ∙ �1 𝐸 𝑖𝑖𝑖𝑖𝑖𝑖��� �� 

𝑖𝑖𝑖𝑖𝑖𝑖� � – share of imports in household consumption of sector i output; 

𝑖𝑖𝑖𝑖𝑖𝑖�� � – share of imports in government consumption of sector i output; 

𝑖𝑖𝑖𝑖𝑖𝑖���� � – share of imports in investment consumption of sector i output; 

𝑖𝑖𝑖𝑖𝑖𝑖�� � – share of imports in increases in inventories of sector i output; and 

𝑖𝑖𝑖𝑖𝑖𝑖��� � – share of imports in exports of sector i output; 
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𝐴𝐴∗ – import-adjusted (domestic) matrix of technological coefficients of direct input spending, 
consisting of elements 𝑎𝑎�� , multiplied by the share of domestic products in the 
corresponding intersectoral flows: 

𝐴𝐴∗ =

⎝
⎜
⎛ 

𝑎𝑎�� ∙ (1 − 𝑖𝑖𝑖𝑖𝑖𝑖��) 𝑎𝑎�� ∙ (1 − 𝑖𝑖𝑖𝑖𝑖𝑖��)
𝑎𝑎�� ∙ (1 − 𝑖𝑖𝑖𝑖𝑖𝑖��) 𝑎𝑎�� ∙ (1 − 𝑖𝑖𝑖𝑖𝑖𝑖��)

⋯ 𝑎𝑎�� ∙ (1 − 𝑖𝑖𝑖𝑖𝑖𝑖��)
⋯     ⋯         

⋯      ⋯      
𝑎𝑎�� ∙ (1 − 𝑖𝑖𝑖𝑖𝑖𝑖��) 𝑎𝑎�� ∙ (1 − 𝑖𝑖𝑖𝑖𝑖𝑖��)

⋯ ⋯      
⋯ 𝑎𝑎�� ∙ (1 − 𝑖𝑖𝑖𝑖𝑖𝑖��)⎠

⎟
⎞

; 

𝑖𝑖𝑖𝑖𝑖𝑖�� – share of imports in sector i outputs in intermediate consumption by enterprises of 
sector j. 

The shares of imports in individual flows of intermediate and final consumption are 
calculated as a ratio of the corresponding values in the import matrix (see Table A.2, below) 
and the symmetric Input-Output table. 

Table A.2. Import matrix structure 
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 … … … … … … … … … … …
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𝐴𝐴 – matrix of technological coefficients (coefficients of direct input spending), consisting of 
elements 𝑎𝑎�� , which show how much production of sector i is required to produce a unit of 
output in sector j: 𝑎𝑎�� = 𝑋𝑋��/𝑋𝑋�. 

𝐴𝐴 =

⎝
⎜
⎛ 

𝑎𝑎�� 𝑎𝑎��
𝑎𝑎�� 𝑎𝑎��

⋯    𝑎𝑎��
⋯    ⋯

⋯ ⋯
𝑎𝑎�� 𝑎𝑎��

⋯   ⋯
⋯   𝑎𝑎�� ⎠

⎟
⎞

 

The basic equation of the static model of the intersectoral balance can be transformed and 
expressed as: 

�⃗�𝑋 = (𝐸𝐸 𝐸 𝐴𝐴∗)�� ∙ 𝑌𝑌�⃗ ∗ , 

where 𝑌𝑌�⃗ ∗ – vector of final demand for domestic products of various sectors, the components 
of which are: 

𝑌𝑌�∗ = 𝐶𝐶� ∙ (1 𝐸 𝑖𝑖𝑖𝑖𝑖𝑖� �) + 𝐺𝐺𝐶𝐶� ∙ (1 𝐸 𝑖𝑖𝑖𝑖𝑖𝑖�� �) + 𝐺𝐺𝐺𝐺𝐶𝐶𝐺𝐺� ∙ (1 𝐸 𝑖𝑖𝑖𝑖𝑖𝑖���� �) + 

+𝑆𝑆𝑆𝑆� ∙ (1 𝐸 𝑖𝑖𝑖𝑖𝑖𝑖�� �) + 𝐸𝐸𝐸𝐸𝑖𝑖� ∙ �1 𝐸 𝑖𝑖𝑖𝑖𝑖𝑖��� �� 

𝑖𝑖𝑖𝑖𝑖𝑖� � – share of imports in household consumption of sector i output; 

𝑖𝑖𝑖𝑖𝑖𝑖�� � – share of imports in government consumption of sector i output; 

𝑖𝑖𝑖𝑖𝑖𝑖���� � – share of imports in investment consumption of sector i output; 

𝑖𝑖𝑖𝑖𝑖𝑖�� � – share of imports in increases in inventories of sector i output; and 

𝑖𝑖𝑖𝑖𝑖𝑖��� � – share of imports in exports of sector i output; 
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Methodology for assessing multiplier effects of initial increase in final demand for 
domestic products 

In accordance with the transformed equation of the static model of intersectoral balance, an 
increase in final demand for domestic products (assuming constant coefficients of direct 
input spending) leads to the following change in output volumes:  

∆�⃗�𝑋 = �⃗�𝑋 − �⃗�𝑋� = (𝐸𝐸 − 𝐸𝐸∗)�� ∙ 𝑌𝑌�⃗ ∗ − (𝐸𝐸 − 𝐸𝐸∗)�� ∙ 𝑌𝑌�⃗�∗ = (𝐸𝐸 − 𝐸𝐸∗)�� ∙ ∆𝑌𝑌�⃗ ∗ , 

where �⃗�𝑋 and �⃗�𝑋� – output vectors in reporting and base periods; 

𝑌𝑌�⃗ ∗ and 𝑌𝑌�⃗�∗ – vectors of final demand for domestic products in reporting and base periods; 
and 

∆�⃗�𝑋 and ∆𝑌𝑌�⃗ ∗ – growth vectors of output and final demand for domestic products in 
comparison with the base period. 

This effect – the indirect effect – occurs due to the increased intermediate consumption 
necessary to meet the additional final demand for domestic products. It causes not only an 
increase in output, but also an increase in value added in various sectors, which is 
distributed to wages (less social insurance premiums and personal income taxes), social 
insurance premiums, tax revenues (including personal income taxes), and profit (including 
depreciation) in line with the prevailing distribution in the structure of the economy. 

Additional incomes of the population (in the form of growth in wages), of the state (a growth 
in tax revenues), and business (a growth in profits) are then converted into an additional, 
induced increase in final demand. This leads to the emergence of a new macroeconomic 
effect – the induced effect. This can also be calculated using the basic equation of the static 
intersectoral balance model. The cumulative effect (impact) on gross output is calculated by 
summing up the direct, indirect, and induced effects. 

The compounding macroeconomic effects of an initial increase in final demand for domestic 
products is illustrated in Figure A.1, below. 
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Figure A.1. Formation of multiplier effect related to increase in final demand for domestic 
products
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The direct and indirect multiplier effect on gross output is estimated as the sum of the 
components of vector ∆�⃗�𝑋�: 

∆�⃗�𝑋� = �
∆𝑋𝑋��
∆𝑋𝑋��
…
∆𝑋𝑋��

� = (𝐸𝐸 𝐸 𝐸𝐸∗)�� ∙ ∆𝑌𝑌�⃗ �∗ , 

where ∆𝑌𝑌�⃗ �∗ – vector of initial increase in final demand for domestic products (direct effect). 

The direct and indirect multiplier effect on GDP is estimated as the sum of the components 
of vector ∆𝑉𝑉𝐸𝐸�����⃗ �: 

∆𝑉𝑉𝐸𝐸�����⃗ � = �
∆𝑋𝑋�� ∙ 𝑣𝑣𝑣𝑣�
∆𝑋𝑋�� ∙ 𝑣𝑣𝑣𝑣�

…
∆𝑋𝑋�� ∙ 𝑣𝑣𝑣𝑣�

� , 

where 𝑣𝑣𝑣𝑣� – share of value added in sector i output. 

The direct and indirect multiplier effect on wages is estimated as the sum of the components 
of vector ∆𝑊𝑊���⃗ �: 

∆𝑊𝑊���⃗ � = �
∆𝑋𝑋�� ∙ 𝑤𝑤�
∆𝑋𝑋�� ∙ 𝑤𝑤�

…
∆𝑋𝑋�� ∙ 𝑤𝑤�

� , 

where 𝑤𝑤� – share of labor costs (excluding social insurance premiums and personal income 
taxes) in sector i output. 

The direct and indirect multiplier effect on social insurance premiums is estimated as the 
sum of the components of vector ∆𝑆𝑆𝑆𝑆𝑆𝑆������⃗ �: 

∆𝑆𝑆𝑆𝑆𝑆𝑆������⃗ � = �
∆𝑋𝑋�� ∙ 𝑠𝑠𝑠𝑠𝑠𝑠�
∆𝑋𝑋�� ∙ 𝑠𝑠𝑠𝑠𝑠𝑠�

…
∆𝑋𝑋�� ∙ 𝑠𝑠𝑠𝑠𝑠𝑠�

� , 

where 𝑠𝑠𝑠𝑠𝑠𝑠� – the share of social insurance premiums in sector i output. 

The direct and indirect multiplier effect on tax revenues is estimated as the sum of the 
components of vector ∆𝑇𝑇𝑣𝑣𝑇𝑇�������⃗ �: 
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∆𝑇𝑇𝑇𝑇𝑇𝑇�������⃗ � = �
∆𝑋𝑋�� ∙ 𝑡𝑡𝑇𝑇𝑇𝑇�
∆𝑋𝑋�� ∙ 𝑡𝑡𝑇𝑇𝑇𝑇�

…
∆𝑋𝑋�� ∙ 𝑡𝑡𝑇𝑇𝑇𝑇�

� , 

where 𝑡𝑡𝑇𝑇𝑇𝑇� – share of taxes (including personal income taxes) in sector i output. 

The above-mentioned shares are estimated using intersectoral balance data, as well as data 
on the volumes of tax and insurance deductions. 

The vector of profits due to direct and indirect effects is found by taking the value-added 
growth vector ∆𝑉𝑉𝑉𝑉�����⃗ � and subtracting the growth vectors for wages ∆𝑊𝑊���⃗ �, social insurance 
premiums ∆𝑆𝑆𝑆𝑆𝑆𝑆������⃗ � and taxes ∆𝑇𝑇𝑇𝑇𝑇𝑇�������⃗ �. 

∆𝑆𝑆𝑃𝑃����⃗ � = ∆𝑉𝑉𝑉𝑉�����⃗ � − ∆𝑊𝑊���⃗ � − ∆𝑆𝑆𝑆𝑆𝑆𝑆������⃗ � − ∆𝑇𝑇𝑇𝑇𝑇𝑇�������⃗ � = �
∆𝑋𝑋�� ∙ (𝑣𝑣𝑇𝑇� − 𝑤𝑤� − 𝑠𝑠𝑠𝑠𝑠𝑠� − 𝑡𝑡𝑇𝑇𝑇𝑇�)
∆𝑋𝑋�� ∙ (𝑣𝑣𝑇𝑇� − 𝑤𝑤� − 𝑠𝑠𝑠𝑠𝑠𝑠� − 𝑡𝑡𝑇𝑇𝑇𝑇�)

…
∆𝑋𝑋�� ∙ (𝑣𝑣𝑇𝑇� − 𝑤𝑤� − 𝑠𝑠𝑠𝑠𝑠𝑠� − 𝑡𝑡𝑇𝑇𝑇𝑇�)

�  

An estimate of the increase in final demand is necessary to calculate the induced effect. 
This is calculated by summing increases in household consumption, government 
consumption, and fixed-capital formation (derived from investments of excess household 
savings, budget revenues, and corporate profits).  

The aggregate increase in wages is calculated by summing the components of vector ∆𝑊𝑊���⃗ �: 
∆𝑊𝑊� = ∑ (∆𝑋𝑋�� ∙ 𝑤𝑤�)�

��� . The total increase in taxes, meanwhile, is calculated by summing the 
components of vector ∆𝑇𝑇𝑇𝑇𝑇𝑇�������⃗ �: ∆𝑇𝑇𝑇𝑇𝑇𝑇� = ∑ (∆𝑋𝑋�� ∙ 𝑡𝑡𝑇𝑇𝑇𝑇�)�

��� .  

The vector for the induced increase in household demand for domestic and imported 
products ∆𝐶𝐶� is calculated using the growth of wages ∆𝑊𝑊�; the elasticity of consumer 
spending in terms of household income 𝛾𝛾; and vector �⃗�𝛽, which captures the structure of 
household consumption by product. 

∆𝐶𝐶� = ∆𝑊𝑊� ∙ 𝛾𝛾 ∙ �⃗�𝛽 =

⎝
⎜
⎜
⎜
⎜
⎜
⎛�(∆𝑋𝑋�� ∙ 𝑤𝑤�)

�

���
∙ 𝛾𝛾 ∙ 𝛽𝛽�

�(∆𝑋𝑋�� ∙ 𝑤𝑤�)
�

���
∙ 𝛾𝛾 ∙ 𝛽𝛽�

…
�(∆𝑋𝑋�� ∙ 𝑤𝑤�)
�

���
∙ 𝛾𝛾 ∙ 𝛽𝛽�⎠

⎟
⎟
⎟
⎟
⎟
⎞
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Here 𝛽𝛽� – share of sector i output in the structure of household consumption. 

The vector for induced investments in various sectors from household savings ∆𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻����������⃗ � is 
calculated using the growth in wages ∆𝑊𝑊�, the elasticity of investments from household 
savings by wages 𝜀𝜀, and the vector 𝜏𝜏, which captures the sectoral distribution of investments 
originating from household savings. 

∆𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻����������⃗ � = ∆𝑊𝑊� ∙ 𝜀𝜀 ∙ 𝜏𝜏 =

⎝
⎜
⎜
⎜
⎜
⎜
⎛�(∆𝑋𝑋�� ∙ 𝑤𝑤�)

�

���
∙ 𝜀𝜀 ∙ 𝜏𝜏�

�(∆𝑋𝑋�� ∙ 𝑤𝑤�)
�

���
∙ 𝜀𝜀 ∙ 𝜏𝜏�

…
�(∆𝑋𝑋�� ∙ 𝑤𝑤�)
�

���
∙ 𝜀𝜀 ∙ 𝜏𝜏�⎠

⎟
⎟
⎟
⎟
⎟
⎞

 

Here 𝜏𝜏� – share of sector i in the sectoral distribution of investments originating from 
household savings. 

The vector of the induced increase in government consumption of domestic and imported 
products of various sectors ∆𝐺𝐺𝐺𝐺�����⃗ � is calculated using tax increases ∆𝑇𝑇𝑇𝑇𝑇𝑇�, the tax elasticity 
of government consumption 𝜎𝜎, and the vector 𝜔𝜔��⃗ , which captures the structure of 
government consumption by product. 

∆𝐺𝐺𝐺𝐺�����⃗ � = ∆𝑇𝑇𝑇𝑇𝑇𝑇� ∙ 𝜎𝜎 ∙ 𝜔𝜔��⃗ =

⎝
⎜
⎜
⎜
⎜
⎜
⎛�(∆𝑋𝑋�� ∙ 𝑡𝑡𝑇𝑇𝑇𝑇�)

�

���
∙ 𝜎𝜎 ∙ 𝜔𝜔�

�(∆𝑋𝑋�� ∙ 𝑡𝑡𝑇𝑇𝑇𝑇�)
�

���
∙ 𝜎𝜎 ∙ 𝜔𝜔�

…
�(∆𝑋𝑋�� ∙ 𝑡𝑡𝑇𝑇𝑇𝑇�)
�

���
∙ 𝜎𝜎 ∙ 𝜔𝜔�⎠

⎟
⎟
⎟
⎟
⎟
⎞

 

Here 𝜔𝜔� – share of sector i output in the structure of government consumption. 

The vector of induced budget investments in various sectors ∆𝐺𝐺𝐻𝐻𝐻𝐻𝐻𝐻���������⃗ � is calculated using the 
increase of budget revenues ∆𝑇𝑇𝑇𝑇𝑇𝑇�, the tax elasticity of budget investments 𝜋𝜋 and the 
vector 𝜑𝜑�⃗ , which captures the sectoral distribution of budget investments. 
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∆𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺���������⃗ � = ∆𝑇𝑇𝑇𝑇𝑇𝑇� ∙ 𝜋𝜋 ∙ 𝜋𝜋�⃗ =

⎝
⎜
⎜
⎜
⎜
⎜
⎛�(∆𝑋𝑋�� ∙ 𝑡𝑡𝑇𝑇𝑇𝑇�)

�

���
∙ 𝜋𝜋 ∙ 𝜋𝜋�

�(∆𝑋𝑋�� ∙ 𝑡𝑡𝑇𝑇𝑇𝑇�)
�

���
∙ 𝜋𝜋 ∙ 𝜋𝜋�

…
�(∆𝑋𝑋�� ∙ 𝑡𝑡𝑇𝑇𝑇𝑇�)
�

���
∙ 𝜋𝜋 ∙ 𝜋𝜋�⎠

⎟
⎟
⎟
⎟
⎟
⎞

 

Here 𝜋𝜋� – share of sector i in the sectoral distribution of budget investments. 

The vector of the induced increase in corporate investment in various sectors ∆𝐵𝐵𝐺𝐺𝐺𝐺𝐺𝐺����������⃗ � is 
calculated using the vector of profit growth ∆𝑃𝑃𝑃𝑃����⃗ � and the elasticity of corporate investments 
in terms of profit 𝜇𝜇. 

∆𝐵𝐵𝐺𝐺𝐺𝐺𝐺𝐺����������⃗ � = ∆𝑃𝑃𝑃𝑃����⃗ � ∙ 𝜇𝜇 = �
∆𝑋𝑋�� ∙ (𝐺𝐺𝑇𝑇� − 𝑤𝑤� − 𝑠𝑠𝑠𝑠𝑠𝑠� − 𝑡𝑡𝑇𝑇𝑇𝑇�) ∙ 𝜇𝜇
∆𝑋𝑋�� ∙ (𝐺𝐺𝑇𝑇� − 𝑤𝑤� − 𝑠𝑠𝑠𝑠𝑠𝑠� − 𝑡𝑡𝑇𝑇𝑇𝑇�) ∙ 𝜇𝜇

…
∆𝑋𝑋�� ∙ (𝐺𝐺𝑇𝑇� − 𝑤𝑤� − 𝑠𝑠𝑠𝑠𝑠𝑠� − 𝑡𝑡𝑇𝑇𝑇𝑇�) ∙ 𝜇𝜇

� 

The vector of cumulative induced investment in various sectors ∆𝐺𝐺𝐺𝐺𝐺𝐺������⃗ � is calculated by 
summing the vectors for induced investment from household savings ∆𝐻𝐻𝐺𝐺𝐺𝐺𝐺𝐺����������⃗ �, budget 
investments ∆𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺���������⃗ �, and corporate investment ∆𝐵𝐵𝐺𝐺𝐺𝐺𝐺𝐺����������⃗ �. 

The vector of the induced increase in fixed-capital formation in various sectors ∆𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺�����������⃗ � is 
calculated by multiplying the matrix of the technological structure of fixed capital 
accumulation T (consisting of elements 𝑡𝑡�� , representing how much investment demand for 
sector i output is formed by a unit of investment in sector j) by the vector of cumulative 
induced investment growth ∆𝐺𝐺𝐺𝐺𝐺𝐺������⃗ �. 

∆𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺�����������⃗ � = 𝑇𝑇 ∙ 𝐺𝐺𝐺𝐺𝐺𝐺������⃗ � = �
∑ 𝑡𝑡�� ∙ 𝑠𝑠𝐺𝐺𝐺𝐺������
∑ 𝑡𝑡�� ∙ 𝑠𝑠𝐺𝐺𝐺𝐺���
��� …

∑ 𝑡𝑡�� ∙ 𝑠𝑠𝐺𝐺𝐺𝐺���
���

� , 

where 𝑠𝑠𝐺𝐺𝐺𝐺�� – cumulative induced investment sector j (i.e., component j of vector 𝐺𝐺𝐺𝐺𝐺𝐺������⃗ �). 

The next step is calculation of the vectors of induced increases in final demand for domestic 
products. 
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The vector of the induced increase in household consumption of domestic products ∆𝐶𝐶�� is 
obtained by multiplying the components of vector ∆𝐶𝐶� by the share of domestic products in 
the corresponding consumption flows:  

∆𝐶𝐶�� =

⎝
⎜
⎜
⎜
⎜
⎜
⎛�(∆𝑋𝑋�� ∙ 𝑤𝑤�)

�

���
∙ 𝛾𝛾 ∙ 𝛾𝛾� ∙ (1 − 𝑖𝑖𝑖𝑖𝑖𝑖���)

�(∆𝑋𝑋�� ∙ 𝑤𝑤�)
�

���
∙ 𝛾𝛾 ∙ 𝛾𝛾� ∙ (1 − 𝑖𝑖𝑖𝑖𝑖𝑖���)
…

�(∆𝑋𝑋�� ∙ 𝑤𝑤�)
�

���
∙ 𝛾𝛾 ∙ 𝛾𝛾� ∙ (1 − 𝑖𝑖𝑖𝑖𝑖𝑖���)⎠

⎟
⎟
⎟
⎟
⎟
⎞

 

where 𝑖𝑖𝑖𝑖𝑖𝑖��� – share of imports in household consumption of sector i output.  

The vector of the induced increase in government consumption of domestic products ∆𝐺𝐺𝐶𝐶�����⃗ �� 
is obtained by multiplying the components of the vector ∆𝐺𝐺𝐶𝐶�����⃗ � by the share of domestic 
products in the corresponding consumption flows: 

∆𝐺𝐺𝐶𝐶�����⃗ �� =

⎝
⎜
⎜
⎜
⎜
⎜
⎛�(∆𝑋𝑋�� ∙ 𝑡𝑡𝑡𝑡𝑡𝑡�)

�

���
∙ 𝜎𝜎 ∙ 𝜎𝜎� ∙ (1 − 𝑖𝑖𝑖𝑖𝑖𝑖����)

�(∆𝑋𝑋�� ∙ 𝑡𝑡𝑡𝑡𝑡𝑡�)
�

���
∙ 𝜎𝜎 ∙ 𝜎𝜎� ∙ (1 − 𝑖𝑖𝑖𝑖𝑖𝑖����)
…

�(∆𝑋𝑋�� ∙ 𝑡𝑡𝑡𝑡𝑡𝑡�)
�

���
∙ 𝜎𝜎 ∙ 𝜎𝜎� ∙ (1 − 𝑖𝑖𝑖𝑖𝑖𝑖����)⎠

⎟
⎟
⎟
⎟
⎟
⎞

 

where 𝑖𝑖𝑖𝑖𝑖𝑖���� – share of imports in government consumption of sector i output. 
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The vector of the induced increase in investment demand for domestic products ∆𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺�����������⃗ �∗ 
is obtained by multiplying the components of the vector ∆𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺�����������⃗ � by the share of domestic 
products in the corresponding consumption flows: 

∆𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺�����������⃗ �∗ =

⎝
⎜
⎜
⎜
⎜
⎜
⎜
⎛�𝑡𝑡�� ∙ 𝑖𝑖𝑖𝑖𝑖𝑖��

�

���
∙ (1 − 𝑖𝑖𝑖𝑖𝑖𝑖������)

�𝑡𝑡�� ∙ 𝑖𝑖𝑖𝑖𝑖𝑖��
�

���
∙ (1 − 𝑖𝑖𝑖𝑖𝑖𝑖������)
…

�𝑡𝑡�� ∙ 𝑖𝑖𝑖𝑖𝑖𝑖��
�

���
∙ (1 − 𝑖𝑖𝑖𝑖𝑖𝑖������)

⎠
⎟
⎟
⎟
⎟
⎟
⎟
⎞

 

where 𝑖𝑖𝑖𝑖𝑖𝑖������ – share of imports in investment consumption of sector i output. 

The vector of the cumulative induced increase in final demand for domestic products ∆𝑌𝑌�⃗ �∗ 
is calculated by summing the vectors of induced increases in household, government, and 
investment consumption of domestic products. 

∆𝑌𝑌�⃗ �∗ = ∆𝐺𝐺�∗ + ∆𝐺𝐺𝐺𝐺�����⃗ �∗ + ∆𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺�����������⃗ �∗ 

The induced multiplier effect on gross output is the sum of the components of vector ∆�⃗�𝑋�. 

∆�⃗�𝑋� = �
∆𝑋𝑋��
∆𝑋𝑋��
…
∆𝑋𝑋��

� = (𝐸𝐸 − 𝐸𝐸∗)�� ∙ ∆𝑌𝑌�⃗ �∗ 

The induced multiplier effect on GDP is the sum of the components of vector ∆𝑉𝑉𝐸𝐸�����⃗ �. 

∆𝑉𝑉𝐸𝐸�����⃗ � = �
∆𝑋𝑋�� ∙ 𝑖𝑖𝑣𝑣�
∆𝑋𝑋�� ∙ 𝑖𝑖𝑣𝑣�

…
∆𝑋𝑋�� ∙ 𝑖𝑖𝑣𝑣�

� 

The induced multiplier effect on wages is the sum of the components of vector ∆𝑊𝑊���⃗ �. 

∆𝑊𝑊���⃗ � = �
∆𝑋𝑋�� ∙ 𝑤𝑤�
∆𝑋𝑋�� ∙ 𝑤𝑤�

…
∆𝑋𝑋�� ∙ 𝑤𝑤�

� 
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The induced multiplier effect on social insurance premiums is the sum of the components 
of vector ∆𝑆𝑆𝑆𝑆𝑆𝑆������⃗ �. 

∆𝑆𝑆𝑆𝑆𝑆𝑆������⃗ � = �
∆𝑋𝑋�� ∙ 𝑠𝑠𝑠𝑠𝑠𝑠�
∆𝑋𝑋�� ∙ 𝑠𝑠𝑠𝑠𝑠𝑠�

…
∆𝑋𝑋�� ∙ 𝑠𝑠𝑠𝑠𝑠𝑠�

� 

The induced multiplier effect on budget revenues is the sum of the components of vector 
∆𝑇𝑇𝑇𝑇𝑇𝑇�������⃗ �. 

∆𝑇𝑇𝑇𝑇𝑇𝑇�������⃗ � = �
∆𝑋𝑋�� ∙ 𝑡𝑡𝑇𝑇𝑇𝑇�
∆𝑋𝑋�� ∙ 𝑡𝑡𝑇𝑇𝑇𝑇�

…
∆𝑋𝑋�� ∙ 𝑡𝑡𝑇𝑇𝑇𝑇�

� 

Based on the outputs from the above formulas, estimates of the cumulative multiplier effects 
of an initial increase in final demand for domestic products are calculated.  

The cumulative multiplier effect on gross output is the sum of the components of vector ∆�⃗�𝑋. 

∆�⃗�𝑋 = �
∆𝑋𝑋�
∆𝑋𝑋�
…
∆𝑋𝑋�

� = ∆�⃗�𝑋� + ∆�⃗�𝑋� = �
∆𝑋𝑋�� + ∆𝑋𝑋��
∆𝑋𝑋�� + ∆𝑋𝑋��

…
∆𝑋𝑋�� + ∆𝑋𝑋��

� = (𝐸𝐸 𝐸 𝐸𝐸∗)�� ∙ �∆𝑌𝑌�⃗ �∗ + ∆𝑌𝑌�⃗ �∗� 

The cumulative multiplier effect on GDP is the sum of the components of vector ∆𝑉𝑉𝐸𝐸�����⃗ . 

∆𝑉𝑉𝐸𝐸�����⃗ = �
∆𝑉𝑉𝐸𝐸�
∆𝑉𝑉𝐸𝐸�
…

∆𝑉𝑉𝐸𝐸�
� = ∆𝑉𝑉𝐸𝐸�����⃗ � + ∆𝑉𝑉𝐸𝐸�����⃗ � = �

(∆𝑋𝑋�� + ∆𝑋𝑋��) ∙ 𝑣𝑣𝑇𝑇�
(∆𝑋𝑋�� + ∆𝑋𝑋��) ∙ 𝑣𝑣𝑇𝑇�

…
(∆𝑋𝑋�� + ∆𝑋𝑋��) ∙ 𝑣𝑣𝑇𝑇�

� = �
∆𝑋𝑋� ∙ 𝑣𝑣𝑇𝑇�
∆𝑋𝑋� ∙ 𝑣𝑣𝑇𝑇�

…
∆𝑋𝑋� ∙ 𝑣𝑣𝑇𝑇�

� 

The cumulative multiplier effect on household income is the sum of the components of 
vector ∆𝑊𝑊���⃗ . 

∆𝑊𝑊���⃗ = �
∆𝑊𝑊�
∆𝑊𝑊�
…
∆𝑊𝑊�

� = ∆𝑊𝑊���⃗ � + ∆𝑊𝑊���⃗ � = �
(∆𝑋𝑋�� + ∆𝑋𝑋��) ∙ 𝑤𝑤�
(∆𝑋𝑋�� + ∆𝑋𝑋��) ∙ 𝑤𝑤�

…
(∆𝑋𝑋�� + ∆𝑋𝑋��) ∙ 𝑤𝑤�

� = �
∆𝑋𝑋� ∙ 𝑤𝑤�
∆𝑋𝑋� ∙ 𝑤𝑤�

…
∆𝑋𝑋� ∙ 𝑤𝑤�

� 
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The cumulative multiplier effect on social insurance premiums is the sum of the components 
of vector ∆𝑆𝑆𝑆𝑆𝑆𝑆������⃗ . 

∆𝑆𝑆𝑆𝑆𝑆𝑆������⃗ = �
∆𝑆𝑆𝑆𝑆𝑆𝑆�
∆𝑆𝑆𝑆𝑆𝑆𝑆�

…
∆𝑆𝑆𝑆𝑆𝑆𝑆�

� = ∆𝑆𝑆𝑆𝑆𝑆𝑆������⃗ � + ∆𝑆𝑆𝑆𝑆𝑆𝑆������⃗ � = �
(∆𝑋𝑋�� + ∆𝑋𝑋��) ∙ 𝑠𝑠𝑠𝑠𝑠𝑠�
(∆𝑋𝑋�� + ∆𝑋𝑋��) ∙ 𝑠𝑠𝑠𝑠𝑠𝑠�

…
(∆𝑋𝑋�� + ∆𝑋𝑋��) ∙ 𝑠𝑠𝑠𝑠𝑠𝑠�

� = �
∆𝑋𝑋� ∙ 𝑠𝑠𝑠𝑠𝑠𝑠�
∆𝑋𝑋� ∙ 𝑠𝑠𝑠𝑠𝑠𝑠�

…
∆𝑋𝑋� ∙ 𝑠𝑠𝑠𝑠𝑠𝑠�

� 

The cumulative multiplier effect on budget revenues is the sum of the components of vector 
∆𝑇𝑇𝑇𝑇𝑇𝑇�������⃗ . 

∆𝑇𝑇𝑇𝑇𝑇𝑇�������⃗ = �
∆𝑇𝑇𝑇𝑇𝑇𝑇�
∆𝑇𝑇𝑇𝑇𝑇𝑇�

…
∆𝑇𝑇𝑇𝑇𝑇𝑇�

� = ∆𝑇𝑇𝑇𝑇𝑇𝑇�������⃗ � + ∆𝑇𝑇𝑇𝑇𝑇𝑇�������⃗ � = �
(∆𝑋𝑋�� + ∆𝑋𝑋��)𝑡𝑡𝑇𝑇𝑇𝑇�
(∆𝑋𝑋�� + ∆𝑋𝑋��)𝑡𝑡𝑇𝑇𝑇𝑇�

…
(∆𝑋𝑋�� + ∆𝑋𝑋��)𝑡𝑡𝑇𝑇𝑇𝑇�

� = �
∆𝑋𝑋� ∙ 𝑡𝑡𝑇𝑇𝑇𝑇�
∆𝑋𝑋� ∙ 𝑡𝑡𝑇𝑇𝑇𝑇�

…
∆𝑋𝑋� ∙ 𝑡𝑡𝑇𝑇𝑇𝑇�

� 

In determining sectoral production multipliers, the initial increase in final demand for 
domestic products is set to a value of one and stems solely from a given sector:   

∆𝑌𝑌�⃗ �� = ∆�⃗�𝑋� =

⎝
⎜⎜
⎛

0
0
∙∙∙

∆𝑋𝑋�
∙∙∙
 0 ⎠

⎟⎟
⎞ =

⎝
⎜⎜
⎛

0
0
∙∙∙
1
∙∙∙
 0 ⎠

⎟⎟
⎞

 

Here ∆�⃗�𝑋� – vector of initial increase of economic output, and ∆𝑋𝑋� – initial increase in output 
of a given sector. 

Substituting this vector into the corresponding formulas for the calculation of direct, indirect, 
and induced effects, we obtain estimates of specific multiplier effects on gross output, GDP, 
budget revenues, and household income (per unit of output in a given sector). These are 
sectoral production multipliers. 
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The effects of increased output in a given sector of the Russian economy on national 
greenhouse gas emissions (measured in CO2e) can be expressed as follows: 

𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥���������⃗ = 𝛥𝛥𝛥𝛥𝛥𝛥 𝐺 𝛥𝛥�⃗�𝐺 

𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥 = � 𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥 �

�

���
  

where:  

𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥 – cumulative effect on national greenhouse gas emissions due to of an increase in 
output in one sector; 

𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥 � – increase in greenhouse gas emissions in sector i of the Russian economy 
(component i of the vector 𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥���������⃗ );  

𝛥𝛥𝛥𝛥𝛥𝛥 –  diagonal matrix of greenhouse gas emissions per unit of output of various sectors 
of the Russian economy: 

𝛥𝛥𝛥𝛥𝛥𝛥 = �
𝛥𝛥𝛥𝛥𝛥𝛥 � 𝐺𝐺�⁄ ⋯ 0

⋮ ⋱ ⋮
0 ⋯ 𝛥𝛥𝛥𝛥𝛥𝛥 � 𝐺𝐺�⁄

� 

𝛥𝛥𝛥𝛥𝛥𝛥 � 𝐺𝐺�⁄  – greenhouse gas emissions per unit of output of sector i of the Russian economy; 
and 

𝛥𝛥𝛥𝛥𝛥𝛥 � – greenhouse gas emissions in sector i of the Russian economy.18  

The formula yields an estimate of the sectoral production multiplier of greenhouse gas 
emissions when vector 𝛥𝛥�⃗�𝐺 is equal to the cumulative increase in output in various sectors 
due to a single initial increase in a given sector’s output. 

 

 

 

                                          
18 Data on annual greenhouse gas emissions of various sectors of the Russian economy can be found in the country’s 
National Inventory Report, prepared according to United Nations Framework Convention on Climate Change 
(UNFCCC) reporting guidelines. 

29  Data on annual greenhouse gas emissions of various sectors of the Russian economy can be found in the coun-
try’s National Inventory Report, prepared according to United Nations Framework Convention on Climate Change 
(UNFCCC) reporting guidelines.

29
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The effects of increased output in a given sector of the Russian economy on national 
employment can be expressed as follows: 

𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥���������⃗ = 𝛥𝛥𝛥𝛥𝛥𝛥 𝐸 𝛥𝛥�⃗�𝐸 

𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥 = � 𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥 �

�

���
  

where:  

𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥 – cumulative effect on national employment due to of an increase in output in one 
sector; 

𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥 � – employment growth in sector i of the Russian economy (component i of vector 
𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥���������⃗ );  

𝛥𝛥𝛥𝛥𝛥𝛥 – diagonal matrix of labor intensity in various sectors of the Russian economy: 

𝛥𝛥𝛥𝛥𝛥𝛥 = �
𝛥𝛥𝛥𝛥𝛥𝛥 � 𝐸𝐸�⁄ ⋯ 0

⋮ ⋱ ⋮
0 ⋯ 𝛥𝛥𝛥𝛥𝛥𝛥 � 𝐸𝐸�⁄

�; and 

𝛥𝛥𝛥𝛥𝛥𝛥 � 𝐸𝐸�⁄  – direct labor intensity (i.e., employment per unit of output) in sector i of the Russian 
economy.  

The formula yields an estimate of the sectoral production multiplier of employment when 
vector 𝛥𝛥�⃗�𝐸 is equal to the cumulative increase in output in various sectors due to a single 
initial increase in a given sector’s output. 
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Methodology for assessing multiplier effects of an initial increase in household 
consumption, government consumption, and fixed-capital formation in a selected sector 

The cumulative multiplier effect on gross output from an increase in household consumption 
is the sum of the components of the vector of increased sectoral output ∆�⃗�𝑋: 

∆�⃗�𝑋 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑀 ∆�⃗�𝑋� = �
𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀�� ⋯ 𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀��

⋮ ⋱ ⋮
𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀�� ⋯ 𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀��

� 𝑀 �
∆𝐶𝐶�� 𝑀 (1 − 𝑖𝑖𝑚𝑚𝑖𝑖� �)
∆𝐶𝐶�� 𝑀 (1 − 𝑖𝑖𝑚𝑚𝑖𝑖� �)

…
∆𝐶𝐶�� 𝑀 (1 − 𝑖𝑖𝑚𝑚𝑖𝑖� �)

� = 

=

⎝
⎜
⎜
⎜
⎛

� 𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀�� 𝑀 ∆𝐶𝐶�� 𝑀 �1 − 𝑖𝑖𝑚𝑚𝑖𝑖� ��
�

���

� 𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀�� 𝑀 ∆𝐶𝐶�
� 𝑀 �1 − 𝑖𝑖𝑚𝑚𝑖𝑖� ��

�

��� …
� 𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀�� 𝑀 ∆𝐶𝐶�

� 𝑀 �1 − 𝑖𝑖𝑚𝑚𝑖𝑖� ��
�

��� ⎠
⎟
⎟
⎟
⎞

 

where:  

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 – matrix of sectoral output multipliers; 

𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀�� – final multiplier effect on sector i output from a unit increase in sector j output; 

∆𝐶𝐶�� = ∆𝐶𝐶� 𝑀 𝛽𝛽� – initial increase in household consumption of sector j output;  

∆𝐶𝐶� – total initial increase in household consumption;  

𝛽𝛽� – share of sector j output in current structure of household consumption; and 

𝑖𝑖𝑚𝑚𝑖𝑖� � – average share of imports in household consumption of sector j output. 

The per-unit multiplier effect on gross output from an increase in household consumption is 
the sum of the components of vector 𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀������������⃗ ��� : 

𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀������������⃗ ��� =

⎝
⎜
⎜
⎜
⎛

� 𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀�� 𝑀 𝛽𝛽� 𝑀 �1 − 𝑖𝑖𝑚𝑚𝑖𝑖� ��
�

���

� 𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀�� 𝑀 𝛽𝛽� 𝑀 �1 − 𝑖𝑖𝑚𝑚𝑖𝑖� ��
�

��� …
� 𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀�� 𝑀 𝛽𝛽� 𝑀 �1 − 𝑖𝑖𝑚𝑚𝑖𝑖� ��

�

��� ⎠
⎟
⎟
⎟
⎞
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Per-unit impacts of increases in household consumption on other macroeconomic indicators 
(i.e., GDP, budget revenues, household incomes, employment, greenhouse gas emissions) 
are calculated using estimates of sector multiplier effects and the sectoral shares of a given 
indicator’s composition. For instance, the household consumption multiplier for GDP is the 
sum the components of the following vector: 

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚���������������⃗ ��� =

⎝
⎜
⎜
⎜
⎛

� 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚�� ∙ 𝛽𝛽� ∙ �1 − 𝑖𝑖𝑚𝑚𝑖𝑖� ��
�

���
∙ 𝑚𝑚𝑚𝑚�

� 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚�� ∙ 𝛽𝛽� ∙ �1 − 𝑖𝑖𝑚𝑚𝑖𝑖� ��
�

���
∙ 𝑚𝑚𝑚𝑚�

…
� 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚�� ∙ 𝛽𝛽� ∙ �1 − 𝑖𝑖𝑚𝑚𝑖𝑖� ��

�

���
∙ 𝑚𝑚𝑚𝑚�⎠

⎟
⎟
⎟
⎞

 

Here 𝑚𝑚𝑚𝑚� – share of value added in sector i output. 

The cumulative government consumption multiplier effect on gross output is the sum of the 
components of the vector of increased sectoral output ∆�⃗�𝑋: 

∆�⃗�𝑋 = 𝑀𝑀𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ∙ ∆�⃗�𝑋� = 𝑀𝑀𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ∙ �
∆𝐺𝐺𝐺𝐺�� ∙ (1 − 𝑖𝑖𝑚𝑚𝑖𝑖�� �)
∆𝐺𝐺𝐺𝐺�� ∙ (1 − 𝑖𝑖𝑚𝑚𝑖𝑖�� �)

…
∆𝐺𝐺𝐺𝐺�� ∙ (1 − 𝑖𝑖𝑚𝑚𝑖𝑖�� �)

� = 

=

⎝
⎜
⎜
⎜
⎛

� 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚�� ∙ ∆𝐺𝐺𝐺𝐺�� ∙ �1 − 𝑖𝑖𝑚𝑚𝑖𝑖�� ��
�

���

� 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚�� ∙ ∆𝐺𝐺𝐺𝐺�
� ∙ �1 − 𝑖𝑖𝑚𝑚𝑖𝑖�� ��

�

��� …
� 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚�� ∙ ∆𝐺𝐺𝐺𝐺�

� ∙ �1 − 𝑖𝑖𝑚𝑚𝑖𝑖�� ��
�

��� ⎠
⎟
⎟
⎟
⎞

 

where:  

∆𝐺𝐺𝐺𝐺�� = ∆𝐺𝐺𝐺𝐺� ∙ 𝜔𝜔�  – initial increase in government consumption of sector j output; 

∆𝐺𝐺𝐺𝐺� – total initial increase in government consumption; 

𝜔𝜔� – share of sector j output in structure of government consumption; and 

𝑖𝑖𝑚𝑚𝑖𝑖�� � – average share of imports in government consumption of sector j output. 
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The per-unit multiplier effect on gross output from an increase in government consumption 
is the sum of the components of vector 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚������������⃗ ���: 

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚������������⃗ �� =

⎝
⎜
⎜
⎜
⎛
� 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚�� ∙ 𝜔𝜔� ∙ �� � �𝑚𝑚������

�

���

� 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚�� ∙ 𝜔𝜔� ∙ �� � �𝑚𝑚������
�

��� …
� 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚�� ∙ 𝜔𝜔� ∙ �� � �𝑚𝑚������

�

��� ⎠
⎟
⎟
⎟
⎞

 

Per-unit impacts of increases in government consumption on other macroeconomic 
indicators (i.e., GDP, budget revenues, household incomes, employment, greenhouse gas 
emissions) are calculated using estimates of sector multiplier effects and the sectoral shares 
of a given indicator’s composition. For instance, the government consumption multiplier for 
GDP is calculated by summing the components of the following vector: 

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚���������������⃗ �� =

⎝
⎜
⎜
⎜
⎛
� 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚�� ∙ 𝜔𝜔� ∙ �� � �𝑚𝑚������

�

���
∙ 𝑚𝑚𝑚𝑚�

� 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚�� ∙ 𝜔𝜔� ∙ �� � �𝑚𝑚������
�

���
∙ 𝑚𝑚𝑚𝑚�

…
� 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚�� ∙ 𝜔𝜔� ∙ �� � �𝑚𝑚������

�

���
∙ 𝑚𝑚𝑚𝑚�⎠

⎟
⎟
⎟
⎞
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The cumulative multiplier effect on gross output from investment in a given sector is the sum 
of the components of the vector of increased sectoral output ∆�⃗�𝑋: 

∆�⃗�𝑋 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑀 ∆�⃗�𝑋� = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑀 �
∆𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺�� 𝑀 (1 − 𝑖𝑖𝑖𝑖𝑖𝑖���� �)
∆𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺�� 𝑀 (1 − 𝑖𝑖𝑖𝑖𝑖𝑖��� �)

…
∆𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺�� 𝑀 (1 − 𝑖𝑖𝑖𝑖𝑖𝑖���� �)

� = 

=

⎝
⎜
⎜
⎜
⎛

� 𝑖𝑖𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀�� 𝑀 ∆𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺�� 𝑀 �1 − 𝑖𝑖𝑖𝑖𝑖𝑖���� ��
�

���

� 𝑖𝑖𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀�� 𝑀 ∆𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺�
� 𝑀 �1 − 𝑖𝑖𝑖𝑖𝑖𝑖���� ��

�

��� …
� 𝑖𝑖𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀�� 𝑀 ∆𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺�

� 𝑀 �1 − 𝑖𝑖𝑖𝑖𝑖𝑖���� ��
�

��� ⎠
⎟
⎟
⎟
⎞

 

where:  

∆𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺�� = ∆𝐼𝐼𝐼𝐼𝐼𝐼�� 𝑀 𝑀𝑀��  – initial increase in investment consumption of sector j output;  

∆𝐼𝐼𝐼𝐼𝐼𝐼�� – initial investment in fixed assets in a given sector (sector k);  

𝑀𝑀�� – share of sector j output in current structure of sector k capital expenditures; and 

𝑖𝑖𝑖𝑖𝑖𝑖���� � – share of imports in investment consumption of sector j output. 

The per-unit multiplier effect on gross output from an increase in fixed-assets investment in 
the given sector is defined as the sum of the components of vector 𝑖𝑖𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀������������⃗ ��� � , which is 
calculated as follows: 

𝑖𝑖𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀������������⃗ ��� � =

⎝
⎜
⎜
⎜
⎛

� 𝑖𝑖𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀�� 𝑀 𝑀𝑀�� 𝑀 �1 − 𝑖𝑖𝑖𝑖𝑖𝑖���� ��
�

���

� 𝑖𝑖𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀�� 𝑀 𝑀𝑀�� 𝑀 �1 − 𝑖𝑖𝑖𝑖𝑖𝑖���� ��
�

��� …
� 𝑖𝑖𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀�� 𝑀 𝑀𝑀�� 𝑀 �1 − 𝑖𝑖𝑖𝑖𝑖𝑖���� ��

�

��� ⎠
⎟
⎟
⎟
⎞

 

 

 

 

 
Page 115 of 123 

 

 

Per-unit impacts of increases in investments in fixed assets in a given sector on other 
macroeconomic indicators (i.e., GDP, budget revenues, household incomes, employment, 
greenhouse gas emissions) are calculated using estimates of sector multiplier effects and 
the sectoral shares of a given indicator’s composition. For instance, the investment multiplier 
for GDP is calculated by summing the components of the following vector: 

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚���������������⃗ ����� =

⎝
⎜
⎜
⎜
⎛
� 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚�� ∙ 𝑚𝑚�� ∙ �� � �𝑚𝑚��������

�

���
∙ 𝑚𝑚𝑚𝑚�

� 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚�� ∙ 𝑚𝑚�� ∙ �� � �𝑚𝑚��������
�

���
∙ 𝑚𝑚𝑚𝑚�

…
� 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚�� ∙ 𝑚𝑚�� ∙ �� � �𝑚𝑚��������

�

���
∙ 𝑚𝑚𝑚𝑚�⎠

⎟
⎟
⎟
⎞
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