
ORIGINAL ARTICLE

Analysing Fuel Subsidy and Taxation Reform with
Input–Output Data
Joerg Beutel*

Konstanz University of Applied Sciences, Germany
*Corresponding author email: beutel@htwg-konstanz.de

(Received 20 April 2020; accepted 20 April 2020)

Abstract
For a long time, the use of intermediate products in production has been growing more rapidly in most
countries than domestic production. This is a strong indication of more interdependency in production.
The main purpose of input-output analysis is to study the interdependency of industries in an economy.
Often the term interindustry analysis is also used. Therefore, the exchange of intermediate products is a
key issue of input-output analysis. We will use input–output data for this study that the author prepared
for the new ‘Handbook on Supply, Use and Input–Output Tables with Extensions and Applications’ of the
United Nations. The supply use and input–output tables contain separate valuation matrices for trade
margins, transport margins, value added tax, other taxes on products and subsidies on products. For
the study, two input–output models were developed to evaluate the impact of fuel subsidy and taxation
reform on output, gross domestic product, inflation and trade. Six scenarios are discussed covering differ-
ent aspects of the reform.

1. Introduction
The impact of fuel subsidy and taxation reform on output, inflation, and trade can be evaluated
with four types of economic models:

• Input–Output Models (Price and Quantity Models),
• Dynamic Interindustry Models (INFORUM),
• Computable General Equilibrium (CGE) Models, and
• Macro-econometric Models.

In this paper, we will present the traditional price and quantity models of input–output ana-
lysis which are a useful complement for the more demanding macroeconomic models. The
input–output models allow to give a first assessment of the direct and indirect economic impacts
of fuel subsidy and taxation reform at the most disaggregate level of products and industries.

Six scenarios are discussed covering subsidies on products for final uses, subsidies on products
for industries, increase of taxes on products, increase of net operating surplus for petroleum refin-
ing, introduction of taxes on fossil fuels, and import substitution of refined products. Depending
on the measure, fuel subsidy and taxation reform affect all quadrants of an input–output table.

Traditional input–output models constitute a useful complement to Dynamic Interindustry
Models and Computable General Equilibrium (CGE) Models as they make maximum use of
the refined input–output data base. Before starting the input–output analysis, it is useful to briefly
review other approaches and compare their potential with our analysis.
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INFORUM (Interindustry Forecasting Project at the University of Maryland) describes a
group of models and teams from around the world who work together to build interindustry
macroeconomic models for specific countries. Technically, the INFORUM models are dynamic
input–output models (INFORUM, 2019), where the interaction between relevant variables like
value added, income, and private consumption is modelled by behavioural equations. These
equations are based on relevant economic theory. All relevant coefficients are estimated econo-
metrically, based on sufficiently long time series data.

In applied economics, the use of input–output models was largely abandoned in favour of
computable general equilibrium (CGE) models. However, some serious questions have been
raised about the empirical validity of CGE models.

Taylor and von Arnim argue that the way the World Bank uses CGE modelling is highly prob-
lematic, making implausible assumptions about trade elasticities, the exchange rate, and macro
causality (Taylor and von Arnim, 2006). These are challenges which need to be resolved. The
weak part of the model is the parameter setting. The parameters are often set by experts and
not estimated based on long time series of empirical data. SAM adjustments, data changing,
and parameter settings are rarely mentioned in publications.

In an interesting paper Mitra-Kahn is engaged in debunking the myths of computable general
equilibrium models (Mitra-Kahn, 2008). Computable general equilibrium (CGE) models are not
based on general equilibrium theory in the Arrow, Debreu and Walras tradition. A CGE model is
always based on a Social Accounting Matrix (SAM) which represents the national accounts in
matrix form. In so far, it is more appropriate to call this model type a Computable National
Accounts model. In other words, CGE models are macro balancing models and not general equi-
librium models.

We should not forget that the national accounts, including the Social Accounting Matrix
(SAM), are the result of a balancing process in which the institutional sector accounts and the
supply and use tables are balanced during the compilation process (United Nations, 2018:305–
350). In this balancing process discrepancies between supply and demand are eliminated. It
would be interesting to know how large these discrepancies actually are. In the Balance of
Payments (BOP), the statistical discrepancy of all transactions between entities of one country
and the rest of the world is shown. This is a more courageous approach.

Input–output data are also used to study regional integration of the European Union (Beutel,
2013) and economic diversification and sustainable development of nations (Beutel, 2019). The
author was a member of the international consortium which compiled the World Input–Output
Database (WIOD). The initial project was funded by the European Commission (WIOD, 2019).

In 2012, the European Consortium for Modelling Air Pollution and Climate Change devel-
oped the GEM-E3 Macroeconomic model for the European Union (GEM-E3 Model, 2018).
The GEM-E3 is a recursive dynamic computable general equilibrium model that covers the inter-
actions between the economy, the energy system, and the environment.

At present, the European Commission initiated the FIGARO (Full international and global
accounts for research in input–output analysis) project. The FIGARO project (Eurostat, 2019)
compiles EU-inter country supply, use, and input–output tables. The FIGARO tables are part
of a collaborative project between Eurostat and the European Commission’s Joint Research
Centre. The FIGARO tables are a tool for analysing the socio-economic and environmental effects
of globalization in the European Union (EU) – through studies on competitiveness, growth, prod-
uctivity, employment, environmental footprint, and international trade (e.g. global value chains).

Cambridge Econometrics developed the macroeconomic Model E3ME (Cambridge
Econometrics, 2019), which is different to the CGE Model. It is a global macro-econometric
model designed to address the major economic and economy–environment policy challenges
we are facing today. Its econometric specification addresses concerns about conventional macro-
economic models and is not limited by many of the restrictive assumptions common to
Computable General Equilibrium (CGE) Models.
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As a complement to CGE models, we propose to make maximum use of exploring input–out-
put data for analysing the immediate impacts of fuel subsidy and taxation reform.

For decades, exports and imports have been growing more rapidly in most countries than
domestic production. This is a strong indication that the exchange of intermediates in production
has become more and more important. Therefore, an input–output approach is more appropriate
for analysing fuel subsidies reform than the traditional approach with macroeconomic data. In
May 2018, the United Nations Statistics Division published the final draft of the Handbook on
Supply, Use and Input–Output Tables with Extensions and Applications (United Nations,
2018), hereafter referred to as the UN Handbook. The new UN Handbook explains in detail
how supply, use and input–output tables can be compiled from the main statistical sources.

Statistics Austria developed one of the finest supply and use system in the world for the
national accounts. Moreover, Statistics Austria (2020) published all supply, use, andinput–output
tables and all valuation matrices. This was the main reason why the editorial board of the UN
Handbook decided to present the supply, use, and input–output tables for Austria for 2011 as
reference data in the various chapters.

As in the new UN Handbook, I will also use the input–output database of Austria for 2011 to
analyse the main aspects fuel subsidy reform. Austria is a country with low energy subsidies and
high taxes on gasoline and diesel. Notwithstanding these low energy subsidies, Austria was
selected as the reference country as all the detailed input–output data required for a comprehen-
sive analysis are published. Separate valuation matrices for taxes on products and subsidies on
products allow a profound analysis of subsidies reform. In addition, energy taxes and subsidies
granted to industries are reported in supply, use, and input–output tables as components of
gross value added. Our approach is to analyse the economic impact of fuel tax and subsidy reform
with the standard input–output models.

More information about input–output modelling for fuel subsidy analysis can be found in
Hubacek and Ogarenko (2013), Grainger, Zhang, and Schreiber (2015) and in Harun (Harun,
2018). Hubacek and Orgarenko applied the price model of input–output analysis to estimate
price changes resulting from subsidy elimination for end-users of electricity and gas in the
Ukraine. Graininger, Zhang and Schreiber applied the Leontief price model and a computable
general equilibrium model to evaluate the short-term and long-term impacts of energy subsidies
in transition countries such as Belarus for the World Bank. Harun applied the Leontief price
model to analyse the impact of a subsidy removal policy on production cost in Malaysia.
These examples indicate that the Leontief Price Model is still used in applied economics for a
first approximation of fuel subsidy reforms on prices and inflation.

2. Supply and Use Tables
2.1 What Are Supply and Use Tables

Supply, use, and input–output tables have received much attention in recent years. They offer new
opportunities to fully understand the ‘global value chain’ and their impact on production, con-
sumption, employment, and environment. Supply and use tables are an integral part of the
national accounts (Beutel, 2017). While they mainly serve statistical purposes, the system of
supply and use tables ensures the consistency of data obtained from different kinds of sources,
such as industrial surveys, household expenditure inquiries, investment surveys, foreign trade
statistics etc.

The supply table shows the supply of goods and services for each product type found in an
economy for a given period further distinguishing between the output of domestic industries
and imports by type of product. Domestic output of products and imports of products are aggre-
gated to total supply of products at basic prices. The supply at basic prices is then transformed to
the supply at purchaser prices, through the addition of valuation adjustments represented by
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valuation matrices containing trade margins, transport margins, taxes on products, and subsidies
on products.

The use table at purchaser prices shows the use of goods and services by product and by type
of use for intermediate consumption by industry, final consumption expenditure, gross capital
formation, and exports. The use table also shows the components of gross value added by indus-
try for compensation of employees, other taxes less subsidies on production, consumption of
fixed capital, and net operating surplus and net mixed income. The term ‘mixed income’ is
used when operating surplus cannot be distinguished from wage income, for example, in the
case of sole proprietorships (e.g. farmers).

Symmetric input–output tables are square tables with the same number of products and
industries in columns and rows. The Statistical Offices of the European Union publish
product-by-product input–output tables or product-by-product input–output tables which
were derived from the supply and use tables. Input–output tables are also a part of the system,
serving as a well-established tool for various analytical purposes related to production. While sup-
ply and use tables are data-oriented in nature, the symmetric input–output tables are always con-
structed using certain analytical assumptions associated with the transformation of the existing
supply and use tables into an input–output format.

The System of National Accounts 2008 recommends that the statistical supply and use tables
should serve as the foundation from which the analytical input–output tables are constructed. A
comprehensive system of supply, use, and input–output tables comprises the following tables:

• Supply and use tables at purchasers’ prices
1. Supply table at basic prices, including a transformation into purchasers’ prices
2. Use table at purchasers’ prices

• Trade and transport margins
3. Wholesale trade margins table
4. Retail trade margins table
5. Inland transport margins table
6. Water transport margins table
7. Air transport margins table

• Taxes less subsidies on products
8. Non-deductible VAT
9. Taxes on products excluding VAT
10. Subsidies on products

• Supply and use tables at basic prices
11. Supply table at basic prices
12. Use table at basic prices
13. Use table of domestic production at basic prices
14. Use table of imports at basic prices

• Symmetric input–output tables at basic prices
15. Input–output tables at basic prices

The supply table provides a detailed picture of the supply of products from domestic produc-
tion and imports. The use table shows how products are used for intermediate consumption in
industries and final use for consumption, gross capital formation, and exports. The use table also
shows how the components of value added (compensation of employees, other net taxes on pro-
duction, capital consumption, and net operating surplus) are generated by industries in the
domestic economy. Thus, supply and use tables together provide detailed information on produc-
tion, the interdependencies in production, the use of products, and the generation of income in
production.
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Supply and use tables are closer to the original statistical sources than input–output tables.
They contain the same information as input–output tables but provide the detail on primary
and secondary activities of industries. The supply table includes the information on taxes and
subsidies on products (e.g. fuels) and the use table the information on other taxes and other sub-
sidies on production of industries (e.g. fuel industries).

2.2 Availability of Supply and Use Tables

Supply and use tables are an integral part of the national accounts, but they are not always pub-
licly available, thereby reducing the ability to research the trade impacts of fossil fuel subsidies. A
full implementation of the System of National Accounts 2008 (United Nations, 2009) requires
that national Statistical Offices compile annual supply and use tables. An example of the pub-
lished size and internal working level of supply, use and input–output tables is given for 31 coun-
tries in the in the UN Handbook (United Nations, 2018: 91). Eurostat, the Statistical Office of the
European Union, published on the official website the supply, use, and input–output tables and
the valuations matrices for trade and transport margins and taxes less subsidies for 24 member
countries of the European Union. Supply, use and input–output tables including the valuation
matrices for trade and transport margins and taxes less subsidies of products are available for
2005–2015 for all member countries of the European Union (Eurostat, 2018).

The National Statistical Offices of most nations compile supply and use tables with many more
products than industries. For the specific purposes of this paper, I aggregated the supply, use, and
input–output tables for Austria that included 74 products and 74 industries, to supply and use tables
with 11 products and 9 industries. A special feature of all tables is that the energy sectors are shown in
separate rows and columns for coal, oil, gas and mining, coke and refined products and electricity.

2.3 Detailed Content of Supply and Use Tables

Supply and use tables are reported at purchasers’ prices. The first part of the supply table shows
the production matrix in which, column wise, primary and secondary activities of industries are
shown. The column vectors for trade margins, transport margins, VAT, other taxes on products
and subsidies were derived from the valuation matrices. They allow a transformation of supply at
basic prices to supply at purchasers’ prices.

In the supply and use system, the valuation concepts are important elements. The System of
National Accounts 2008 (United Nations, 2009) distinguishes two main valuation concepts of the
flows of goods and services: basic prices and purchasers’ prices.

The difference between these two basic valuation concepts relates to trade and transport mar-
gins on the one hand, and to taxes less subsidies on products on the other. Trade and transport
margins are the difference between purchasers’ and producers’ prices, and taxes less subsidies on
products are the difference between producers’ prices and basic prices.

The relationship between the different types of prices is the following:

Purchasers’ prices (excluding any deductible VAT)
– Non-deductible VAT
– Trade and transport margins
= Producers’ prices
– Taxes on products (excl. VAT)
+ Subsidies on products
= Basic prices

In Austria, taxes on products excluding VAT mainly comprise taxes on gasoline and diesel,
tobacco and alcoholic beverages. Subsidies on products are quite limited in Austria and mainly
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comprise subsidies for agricultural products, subsidies for manufactured products, and subsidies
for transport services for trains. Please note that large rectangular supply and use tables have the
benefit that specific taxes and subsidies on products can be allocated to more homogenous prod-
uct groups.

The valuation matrices (Beutel, 2018) show separate information for trade margins, transport
margins, value added tax, taxes on products excluding VAT, and subsidies on products.

If we deduct the valuation matrices from the supply and use tables at purchasers’ prices, we
obtain the supply and use tables at basic prices. Products are now valued at basic prices.
Therefore, a separate row for taxes less subsidies on products is added to the table to arrive
for products at purchasers’ price.

The transformation of supply and use tables to input–output tables requires splitting the use
table at basic prices into a use table for domestic output and a use table for imports and aggre-
gation to symmetric supply and use tables.

3. Input–Output Tables
The supply and use tables were transformed to symmetric input–output tables because the latter
are commonly used as a data base of input–output models and other macroeconomic models. In
this section, we will present the main input–output models that will then be used to assess the
trade impacts of fuel subsidies and taxation reform.

The database for the transformation of supply and use tables to input–output tables includes
the following tables: supply tables at basic prices, use tables at basic prices, use tables for domestic
output at basic prices, and use tables for imports at basic prices. Four basic models (A–D) can be
used for the transformation of supply and use tables to symmetric input–output tables. For this
paper, we decided to use Model D for the transformation of supply and use tables to
industry-by-industry input–output tables. The approach is explained in the Handbook (United
Nations, 2018: 351–408).

In table 1 the input–output table is shown which we will use for our analysis. Note that the
matrices for domestic products and imported products were integrated in this table. Domestic
products are shown in rows 1–10 while imported products follow in rows 11–20.

The use of domestic and imported products is shown with explicit reference to energy sectors
and trade services. Coal, oil gas, and other mining sectors covering all fossil fuels are shown
as an industry (column 2) and the use of its domestic products (row 3) and imported products
(row 12) in the import matrix below. We also display industries that are producing secondary
energy, shown as separate industries – coke and refined products (column 3) and electricity
(column 5).

Valuable information is given on taxes and subsidies on products and production which I
marked in blue. In rows 22–24 VAT, taxes on products excluding VAT and subsidies on products
are reported. As part of value added, other taxes and subsidies on production follow in rows 27–
28 which must be paid or are received by industries.

In the following sections, input–output data and the associated model will be used to analyse
the impact of fuel subsidy reform with the traditional quantity model and price models of input–
output analysis.

4. Input–Output Analysis
Input–output analysis was developed by Wassily Leontief (Leontief, 1966). In 1973, he received
the 5th Nobel Prize in Economic Sciences for the development of the input–output model. The
basics of input–output analysis are explained in Miller and Blair (2009) and ten Raa (2017). In
addition, the UN Handbook (United Nations, 2018: 577–613) presents basic applications of
input–output analysis.
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Table 1. Input–output table at basic prices

INDUSTRIES FINAL USES Mio.
euro

Agric-
ulture

Coal, oil,
gas,
other
m-ining

Coke,
re-fined
pro-ducts

Other
manu-
factu-ring Electricity

Con-
struc-tion

Trade,
trans-port,
commu-
nication

Fi-nance,
busi-ness
services

Other
ser-vices Total

Private
con-
sump-tion

Go-vern-
ment
con-
sump-tion

Gross
capital
forma-tion Exports Total

Output
at basic
prices

N INDUSTRIES 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 Agriculture 2,360 1 2 4,414 39 58 175 53 38 7,140 1,084 10 200 1,433 2,727 9,867

2 Coal, oil, gas,
mining

6 125 484 397 339 284 94 65 64 1,859 214 12 145 431 801 2,660

3 Coke, refined
products

177 35 95 794 94 208 959 136 322 2,819 1,455 6 10 2,000 3,472 6,291

4 Other
manufacturing

944 125 137 28,255 1,144 6,118 7,361 5,312 2,288 51,683 12,128 653 13,052 92,298 118,132 169,815

5 Electricity 119 91 4 2,985 8,447 161 1,493 664 1,148 15,112 4,101 23 211 1,737 6,072 21,184

6 Construction 107 44 75 1,959 266 8,927 2,447 3,624 1,409 18,858 1,778 34 23,234 1,026 26,072 44,931

7 Trade, transport,
communication

319 178 184 13,379 987 2,451 17,281 6,732 3,415 44,927 53,549 5,052 10,040 21,269 89,910 134,837

8 Finance, business
services

374 238 118 9,005 711 3,955 15,896 21,722 6,818 58,838 31,497 1,022 8,345 9,759 50,623 109,461

9 Other services 24 21 9 742 64 240 1,723 1,124 1,846 5,792 14,360 57,600 463 1,099 73,522 79,314

10 Domestic products
at basic prices

4,429 858 1,108 61,930 12,091 22,402 47,431 39,431 17,348 207,028 120,165 64,413 55,701 131,053 371,332 578,360

11 Agriculture 193 1 9 1,901 12 26 197 21 30 2,391 1,174 7 129 144 1,454 3,845

12 Coal, oil, gas,
mining

9 96 4,084 1,548 2,074 21 26 16 26 7,902 44 1 217 897 1,159 9,061

13 Coke, refined
products

163 28 85 1,136 55 342 1,539 191 557 4,096 2,036 7 92 535 2,670 6,766

14 Other
manufacturing

524 86 459 43,656 316 3,943 4,327 1,144 2,391 56,846 18,491 1,388 13,939 15,553 49,371 106,217

15 Electricity 1 0 4 64 1,258 6 21 25 8 1,388 21 2 20 20 62 1,450

16 Construction 2 6 128 459 73 204 108 60 17 1,058 73 5 64 100 242 1,300

17 Trade, transport,
communication

18 26 88 2,607 116 190 4,630 1,600 374 9,649 709 37 861 3,978 5,584 15,233
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18 Finance, business
services

8 21 34 1,471 47 96 1,391 2,250 278 5,595 147 2 420 76 644 6,239

19 Other services 1 1 2 92 4 7 200 109 138 555 392 47 141 47 626 1,181

20 Imported products
at basic prices

919 267 4,893 52,935 3,956 4,834 12,439 5,417 3,819 89,479 23,087 1,495 15,882 21,350 61,814 151,293

21 Total of products at
basic prices

5,348 1,125 6,001 114,865 16,047 27,236 59,870 44,849 21,167 296,507 143,252 65,908 71,582 152,403 433,145 729,653

22 Value added tax
(VAT)

22 3 3 72 14 32 147 1,252 2,093 3,639 17,210 621 1,977 19,807 23,447

23 Taxes on products
excl. VAT

71 30 53 819 89 202 1,238 443 590 3,535 5,944 8 1,061 422 7,434 10,969

24 Subsidies on
products

−1 −1 −1 −129 −1 −5 −36 −6 −11 −190 −344 −71 −7 −25 −448 −638

25 Total at purchasers’
prices

5,440 1,157 6,057 115,627 16,150 27,466 61,219 46,538 23,839 303,492 166,063 66,465 74,612 152,800 459,939 763,431

26 Compensation of
employees

551 329 133 28,228 1,989 10,239 37,906 22,997 41,971 144,343

27 Other taxes on
production

184 26 12 1,921 238 707 2,720 2,354 1,883 10,045

28 Other subsidies on
production

−1,811 −33 −24 −1,018 −45 −162 −965 −350 −780 −5,187

29 Consumption of
fixed capital

1,845 340 193 10,375 1,842 1,542 10,917 18,934 7,480 53,469

30 Operating surplus,
net

3,658 840 −79 14,683 1,009 5,138 23,040 18,989 4,921 72,198

31 Value added at
basic prices

4,427 1,503 234 54,188 5,034 17,465 73,618 62,923 55,475 274,868

32 Input at basic prices 9,867 2,660 6,291 169,815 21,184 44,931 134,837 109,461 79,314 578,360

Austria 2011 = Taxes on production and imports less subsidies

W
orld

T
rade

R
eview
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Input–output analysis starts with the calculation of input coefficients. These coefficients are
calculated by dividing, column-wise, each entry of the input–output table by the corresponding
column total. The input coefficients of production activities can be interpreted as the correspond-
ing cost shares for products and primary inputs in total output. One could also say that each col-
umn of an input–output table for industries represents an analogous ‘Cooking Recipe’ for the
creation of products in an industry.

As the input coefficients of industries cover all inputs, including net operating surplus, they
add up to unity. The same holds true for the input coefficients of the categories of final uses.
In this case, the input coefficients represent the commodity composition of each component
of final demand.

The basic input–output models that will be used in this sector are presented in the UN
Handbook (United Nations, 2018, pp. 529–537).

4.1 The Quantity Model of Input–Output Analysis

The quantity model of input–output analysis is a linear model that is based in Leontief produc-
tion functions and a given vector of final uses. The objective is to calculate the unknown gross
outputs for the individual industries (endogenous variables) for the given final uses (exogenous
variables). The Leontief inverse is multiplied with the vector of final uses to estimate the unknown
output levels of industries. This model is often used to study the impact of exogenous changes of
final demand on the economy. A prominent application of the quantity model of input–output
analysis is the evaluation of a Keynesian public expenditure program to fight a recession or
unemployment.

The quantity model reproduces the output for all industries of the given input–output table.
The column sums of the Leontief inverse can be interpreted as output multipliers that reflect the
cumulative revenues of industries that are induced by one additional unit of final demand of a
certain product.

A numerical example of the Leontief Quantity Model is given in the appendix.

4.2 The Price Model of Input–Output Analysis

Prices are determined in an input–output system from a set of equations that states that the price
that each sector of the economy receives per unit of output must equal the total costs incurred
during its production. The outlays comprise not only payments for inputs purchased from
domestic industries, they also cover the expenses for imported products and the components
of gross value added representing all payments made for example for capital, labour, land, and
residual profits. In the input–output table, the costs of production are reported for each industry
in the corresponding column of the matrix.

The objective of the price model is to calculate the unknown product prices (price indices) for
exogenously given primary input coefficients that are weighted with the factor prices. For the
monetary input–output table for Austria, no information on quantities and prices is available.
Therefore, the input coefficients for primary inputs must be weighted with a unit factor price
of 1.0. The primary inputs of an industry include all imported products, taxes on products
(VAT and other taxes on products), subsidies on products, and the component of gross value
added (compensation of employees, other net taxes on production, consumption of fixed capital,
and net operating surplus).

The price model may be used to study the impact of changes in primary inputs (input coeffi-
cients, factor prices) on product prices. When the price model is applied, it is assumed that in
competitive markets, higher prices for primary inputs will result in higher product prices. The
approach can simulate the impact of cost-driven inflation. For example, the price model can
be used to study the impact of an increase of the tax on gasoline on other product prices.
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Given this overview, the next section will address the way in which an input–output system can
be used to analyse fuel subsidy reform.

A numerical example of the Leontief price model is given in the appendix.

5. Fuel Subsidy and Taxation Reform
Types of fossil fuel taxes and subsidies are:

1. Price-gap of energy prices (where the price gap is the difference between the end-user price
and international reference price).

2. Financial transfers (grants to producers and consumers, preferential loans to producers,
subsidies, e.g. for agriculture, health, water, electricity, coal, steel, ship building and
railways).

3. Preferential tax treatments (VAT, import duties, depreciation rates, royalties)
4. Trade restrictions (quota, embargo).
5. Regulations (price controls, market access, access to resources).
6. External costs (neglecting environmental damage and security risks).
7. Depletion allowances (compensation for depletion of natural resources and environmental

damage).

A clear distinction between primary and secondary energy is quite important for fuel subsidy
analysis. Input–output tables and specifically extended input–output tables allow to make a clear
distinction between primary and secondary energy. Primary fuels are coal, lignite, crude oil, and
natural gas. These primary fuels can be transformed into secondary energy in the form of bri-
quettes, coke, produced gas, petroleum products, and electricity. In the World Energy Outlook,
the International Energy Agency (IEA, 2019) seems to ignore the distinction between primary
and secondary energy by presenting fossil-fuel consumption subsidies by country for oil, electri-
city, natural gas, and coal.

5.1 Prominent Examples for Direct and Indirect Subsidies in Selected Countries

For decades, the prices for gasoline, water, and electricity in Saudi Arabia were well below the
domestic production cost. In recent times, these indirect subsidies were reduced by raising the
prices both for gasoline, electricity, and water. In December 2015, the government increased
the prices for gasoline, electricity, and water by more than 50%. Saudi Arabia followed similar
measures of the United Arab Emirates and other Gulf states.

In the USA, the major federal subsidies are oil subsidies, farm subsidies, subsidies for the stra-
tegic petroleum reserve, ethanol subsidies, export subsidies for farms, housing subsidies, and
Obama care subsidies. Most farm subsidies went to large farmers of grains, such as corn,
wheat, and rice. Between 1978 and 2010, the corn industry received 20 billion dollars in federal
subsidies to divert the production into ethanol. The corn subsidy ended in 2012. The oil industry
subsidies have a long history in the United States. Some estimates indicate that subsidies for the
oil industry can reach between 10 and 40 billion dollars per year. Housing subsidies promote
home ownership and support of the construction industry with a total of about 15 billion dollars
per year (in the form of tax deductions for mortgage interest payments). Obama care subsidies
are mainly designed to support middle- and low-income families through subsidizing medical
insurance costs.

For over 65 years, the Egyptian government has subsidized food for the Egyptian population.
Egypt’s food subsidy system is part of the government’s long-term policy of promoting social equity
and political stability. An extensive system of food subsidies helps to provide bread and other basic
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staples to the population at lowprices. In recent times, the cost of the systemhas considerably declined.
The contemporary system includes the two components of baladi bread and ration cards, but con-
tinues to face challenges, including shortages of some basic commodities in recent times.

5.2 Taxes and Subsidies on Products and Production of Reference Country Austria

Taxes on products in Austria comprise the value added tax (VAT), taxes, and duties on imports
and exports and other taxes on products, such as product taxes on gasoline and diesel, tobacco.
and alcohol. Other taxes on production must be paid by industries. They comprise taxes other
than those incurred directly as a result of engaging in production; consisting mainly of current
taxes on the labour or capital employed in the enterprise, such as payroll taxes, or current
taxes on vehicles or buildings.

Subsidies on products comprise import and export subsidies and other subsidies on products
(e.g. subsidies on products used domestically and subsidies to public corporations to compensate
for persistent losses that they incur because of charging prices below average costs of production).
Other subsidies on production consist of subsidies, except subsidies on products, that resident
enterprises may receive because of engaging in production (e.g. subsidies on payroll or workforce
or subsidies to reduce pollution).

The distribution of taxes on production and subsidies for Austria is shown in table 2 for 2011.
5.825 billion euro were spent on subsidies of all kinds (1.9% of GDP). Included are subsidies on
products of 638 million euro (0.2% of GDP) and other subsidies on production of 5.187 billion
euro (1.9% of GDP).

The direct subsidies include significant amounts for agriculture and land transportation. As in
other member countries of the European Union, subsidies for agriculture are mainly funded by
the European Union. Subsidies for land transportation are financed by the government to sup-
port the national railway, reducing the costs for commuters on their journey to work. If we
include direct and indirect subsidies including capital transfers, Austria’s subsidies are among
the highest in the EU (International Monetary Fund, 2017, 12).

6. Input–Output Analysis of Fuel Subsidy and Taxation Reform
All types of fuel subsidies noted in the previous section can be analysed using input–output ana-
lysis. However, it should be noted that only the short-term impact on output of industries, prod-
uct prices, and gross domestic product can be evaluated with input–output models. A more
profound analysis covering the long-term implications of fuel subsidy reform on growth and sus-
tainable development should be conducted with computable general equilibrium (CGE) models
or macroeconomic models that are based on input–output data (supply and use tables, input–
output tables, social accounting matrix). The CGE analysis has an additional benefit in that it
can be used to estimate the distributional impacts of any subsidy program.

In this section, we conduct the input–output analysis for aggregate input–output tables for
Austria for 2011 with nine products and nine industries to demonstrate how valuable input–out-
put analysis is for the analysis of fuel subsidy reform. A more detailed analysis could be con-
ducted by using the larger supply, use and input–output tables for Austria for 2011 with 74
products and 74 industries; this approach will generate more disaggregate results with better pre-
cision. Input–output analysis is capable for analysing the impact of all kind of subsidies on the
economy provided that an input–output database is available that is fully integrated into the
national accounts. The results for the small input–output tables with nine products and nine
industries are first estimates for direct subsidies on products indicating the magnitude of the
effects leaving more detailed analyses to be conducted with the more disaggregated tables cover-
ing 74 products and industries.
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Table 2. Taxes on production an imports less subsidies

Mio. euro

INDUSTRIES FINAL USES

Agric-
ulture

Coal,
oil,
gas,
other
mining

Coke,
re-fined
products

Other
manufacturing

Elec-
tricity Construction

Trade
trans-port,
communication

Fi-nance
business
services

Other
services Total

Pri-vate
consumption

Government
consumption

Gross
capital
formation Exports Total

Output
at basic
prices

N INDUSTRIES 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Taxes on products and production

1 Agriculture 0 0 0 51 0 0 1 0 3 55 328 0 3 0 331 386

2 Coal, oil, gas,
mining

0 1 50 19 23 1 0 0 12 106 16 0 11 8 35 140

3 Coke refined
products

64 24 5 340 18 171 831 178 655 2,285 3,259 0 0 330 3,589 5,875

4 Other
manufacturing

2 0 0 199 3 18 188 180 587 1,178 10,457 374 1,150 55 12,036 13,214

5 Electricity 14 5 0 169 48 7 116 54 232 646 1,165 0 1 0 1,165 1,811

6 Construction 0 0 0 1 0 10 5 243 185 444 265 0 833 0 1,098 1,542

7 Trade services 3 0 0 19 1 4 24 17 40 109 468 0 9 0 477 586

8 Transport 0 0 0 7 1 1 18 19 20 67 513 35 0 14 562 628

9 Communication 0 0 0 6 1 1 30 253 155 446 3,018 10 104 15 3,146 3,592

10 Finance, business
services

9 2 1 80 8 21 171 733 750 1,775 2,171 0 918 0 3,090 4,865

11 Other services 0 0 0 0 0 0 2 17 44 63 1,495 210 8 0 1,713 1,777

12 Total taxes on
products

93 33 56 891 103 234 1,385 1,695 2,684 7,175 23,155 628 3,037 422 27,242 34,416

13 Other Taxes on
production

184 26 12 1,921 238 707 2,720 2,354 1,883 10,045 0 0 0 0 0 10,045

14 Taxes on products
and
production

277 59 69 2,812 342 941 4,105 4,049 4,567 17,220 23,155 628 3,037 422 27,242 44,462
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Table 2. (Continued.)

Mio. euro

INDUSTRIES FINAL USES

Agric-
ulture

Coal,
oil,
gas,
other
mining

Coke,
re-fined
products

Other
manufacturing

Elec-
tricity Construction

Trade
trans-port,
communication

Fi-nance
business
services

Other
services Total

Pri-vate
consumption

Government
consumption

Gross
capital
formation Exports Total

Output
at basic
prices

N INDUSTRIES 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Subsidies on products and production

15 Agriculture 0 0 0 −89 0 0 0 0 0 −89 −2 0 −5 −11 −18 −107

16 Coal, oil, gas,
mining

0 0 0 −3 0 −1 0 0 0 −5 0 0 0 −1 −1 −5

17 Coke refined
products

0 0 0 −1 0 0 −2 0 −1 −4 −2 0 0 −1 −3 −7

18 Other
manufacturing

0 0 0 −11 0 −1 −1 0 −1 −15 −7 0 −2 −13 −21 −37

19 Electricity 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

20 Construction 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

21 Trade services 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

22 Transport 0 −1 0 −25 0 −2 −33 −6 −10 −77 −300 −71 0 −1 −371 −448

23 Communication 0 0 0 0 0 0 0 0 0 0 −34 0 0 0 −34 −34

24 Finance, business
services

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

25 Other services 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

26 Total subsidies on
products

−1 −1 −1 −129 −1 −5 −36 −6 −11 −190 −344 −71 −7 −25 −448 −638

27 Other subsidies
on production

−1,811 −33 −24 −1,018 −45 −162 −965 −350 −780 −5,187 0 0 0 0 0 −5,187

28 Subsidies on
products and
production

−1,812 −34 −25 −1,147 −45 −166 −1,001 −356 −791 −5,378 −344 −71 −7 −25 −448 −5,825

Taxes on products and production less subsidies

29 Total −1,535 25 44 1,664 296 775 3,104 3,693 3,776 11,842 22,810 557 3,030 397 26,794 38,637

Austria 2011
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Using the following six scenarios, we would like to demonstrate the potential of input–output
analysis for analysing different aspects of fuel subsidy reform, for direct subsidies on products.
The focus of our analysis will be on the impacts on energy and trade.

6.1 Six Scenarios for Fuel Subsidy and Taxation Reform

In this section, we evaluate the impact of fuel subsidies reform on the economy for the following
six scenarios:

1. Withdrawal of all subsidies on products
2. Withdrawal of all subsidies on products and industries
3. Increase in taxes on products
4. Increase in net operating surplus of petroleum refining
5. Introduction of taxes on fossil fuels
6. Enforcement of import substitution for refined products

Scenario 1: Withdrawal of all Subsidies on Products
The impact of subsidy reform is evaluated in two different scenarios. In the first scenario, we
assume that all subsidies on products are withdrawn. In Austria, subsidies on products are rather
limited. They mainly include subsidies for products of ‘Other manufacturing’ (129 million euro)
and products of ‘rrade, transport and communication (36 million euro). This scenario is useful
for a fuel subsidy reform in oil producing countries that grant substantial subsidies for domestic
final consumption of energy. We apply the price model of input–output analysis to evaluate the
impact on prices.

In 2011, the Austrian government provided subsidies of 638 million euro on products. Output
of all industries is expected to inflate by 0.05% through higher prices if all subsidies on products
are eliminated. Quantities will not change. As a substantial amount of subsidies on products is
allocated to private consumption (344 milliom euro), prices of private consumption will increase
by 0.2%.

The price increase in GDP is expected at 0.2%. The results are summarized in Table 3,
column 1.

Scenario 2: Withdrawal of all Subsidies on Products and Industries
In the next scenario, we assume that all subsidies on products and other subsidies for production
are abolished. Total subsidies for coal, oil, and gas (34 million euro), coke and refined products
(25 million euro), and electricity (45 million euro) are small. This scenario is useful for the fuel
subsidy reform in countries that grant substantial subsidies for the energy consumption of indus-
tries. In this case, we again apply the price model of input–output analysis. The results are sum-
marized in table 3, column 2.

For agriculture, subsidies of 1.812 billion euro are granted; for manufacturing, 1.147 billion
euro; and for trade, transport, and communication, 1.001 billion euro. If all subsidies for indus-
tries are abolished, product prices are expected to increase by 1.6%. Due to heavy subsidies, agri-
culture is affected more than other industries by the complete elimination of subsidies.

Similar results must be expected for foreign trade. In this scenario, we assume that subsidies
are only granted for domestic products. The prices of exported products would increase by 1.6%
because of the intermediate price increases. The import prices would not change. The price
increase of GDP with 1.9% is now significant. In this scenario, we assume that the technology
does not allow a change in quantities.

A similar analysis could be conducted for countries with high subsidies for fuels. In this case,
we would simulate the impact of a removal of fuel subsidies on output, GDP, and foreign trade.
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Table 3. Summary of results for fuel subsidy and taxation reform

Scenarios for subsidy and taxation reform

Price Models Quantity Model

2011 1. 2. 3. 4. 5. 6.

Withdraw all
subsidies on
products

Withraw all
subsidies for
industries

Increase taxes
on products
excl. VAT by

100%

Increase net
operating
surplus of
petroleum
refining

Introduce
taxes on

fossil fuels of
50%

Enforce complete
import

substitution for
refined products

Mio. € % change

Tax and subsidy reform

Value added tax (VAT) 23,447 0.0 0.0 0.0 0.0 0.0 0.0

+ Taxes on products excl. VAT 10,969 0.0 0.0 100.0 0.0 60.9 0.7

− Subsidies on products −638 −100.0 −100.0 0.0 0.0 0.0 0.2

= Taxes less subsidies on products 33,778 1.9 1.9 32.5 0.0 19.8 0.2

+ Other taxes on production 10,045 0.0 0.0 0.0 0.0 0.0 0.4

− Other subsidies on production −5,187 0.0 −100.0 0.0 0.0 0.0 0.8

= Taxes less subsidies on production 38,637 1.7 15.1 28.4 0.0 17.3 0.2

Inflation (Price index)

All products 1.0000 0.05 1.6 0.9 0.1 1.6 0.0

Coal, oil, natural gas, other mining 1.0000 0.05 1.6 1.4 0.1 5.4 0.0

Coke and refined products 1.0000 0.02 0.6 1.0 5.3 37.4 0.0

Electricity 1.0000 0.02 0.8 1.0 0.1 10.1 0.0

Growth (Quantities)

All products 578,360 0.0 0.0 0.0 0.0 0.0 1.5

Coal, oil, natural gas, other mining 2,660 0.0 0.0 0.0 0.0 0.0 21.3

Coke and refined products 6,291 0.0 0.0 0.0 0.0 0.0 111.2

Electricity 21,184 0.0 0.0 0.0 0.0 0.0 0.3
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Production approach of GDP

Output at basic prices 578,360 0.0 1.6 0.9 0.1 1.6 1.5

− Intermediates at purchasers’
prices

−303,492 0.1 1.4 1.8 0.1 3.0 2.5

= Gross value added at basic prices 274,868 0.0 1.9 0.0 0.1 0.0 0.4

+ Taxes less subsidies on products 33,778 1.9 1.9 32.5 0.0 19.8 0.2

= Gross domestic product 308,647 0.2 1.9 3.6 0.1 2.2 0.4

Income approach of GDP

Gross value added at basic prices 274,868 0.0 1.9 0.0 0.1 0.0 0.4

+ Taxes less subsidies on products 33,778 1.9 1.9 32.5 0.0 19.8 0.2

= Gross domestic product 308,647 0.2 1.9 3.6 0.1 2.2 0.4

Expenditure approach of GDP

Private consumption 166,063 0.2 1.1 4.3 0.1 1.4 0.0

+ Government consumption 66,465 0.1 1.3 0.9 0.0 0.5 0.0

+ Gross capital formation 74,612 0.0 0.9 2.1 0.0 1.0 0.0

+ Exports of goods and services 152,800 0.1 1.6 1.0 0.1 2.1 0.0

− Imports of goods and services −151,293 0.0 0.0 0.0 0.0 0.0 −0.8

= Gross domestic product 308,647 0.2 1.9 3.6 0.2 2.2 0.4

Austria 2011
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Scenario 3: Increase in Taxes on Products, Excluding VAT
Taxes on products comprise import duties, taxes on gasoline, tobacco and alcoholic beverages,
and some other smaller taxes on products. In this scenario, we assume that all taxes on products
except for VAT increase by 100%. This scenario is useful to evaluate the impact of fuel subsidy
reform in countries that plan to increase the tax on gasoline and diesel or raise the price for elec-
tricity. It can also be used to study the introduction of specific import duties for primary and
secondary energy, such as coal, oil, natural gas, refined products, and electricity.

Again, we apply the price model of input–output analysis to evaluate the impact on prices.
In this model, we assume perfect competition for all industries, which forces all companies
to increase product prices if primary inputs increase in price. The results are shown in table 3,
column 3.

The largest price increase is expected for coal, gas, other mining (+1.4%), followed by trade,
transport, and communication (+1.3%), and agriculture (+1.2%). All in all, product prices are
expected to increase by 0.9%. The impact on foreign trade reveals that only exports become
more expensive. Export prices are expected to increase by 1.0%. Import prices are not affected.

Scenario 4: Increase in Net Operating Surplus of Petroleum Refining
Many oil producing countries sell fuels in the domestic market well below international prices,
sometimes even below their own production costs. This is an indirect subsidy for refined pro-
ducts. In this situation, the oil and gas industry have the option of asking higher feedstock prices
for crude oil and natural gas for refineries and the petrochemical industry and of raising the
prices for refined products.

In the input–output table for Austria for 2011, the industry ‘Coke and refined products’
reports a net operating deficit of 79 million euro. In this scenario, we would like to increase
the net operating surplus to 250 million euro.

For this simulation, we used the price model of input–output analysis and applied the goal
seek procedure of Excel to attain the result by raising the input coefficient for net operating sur-
plus to the required level. The results are shown in table 3, column 4.

The price for refined products should increase by 5.3% to reach the target of 250 million euro
for the net operating surplus of the refining industry. All other product prices are hardly affected
by this decision (+0,1%). Due to the consumption of diesel in agriculture, the prices for agricul-
tural products will increase by 0.14%.

The impact of foreign trade is small. Imports are not affected by the decision to increase the
domestic price for refined products. Export prices for refined products are expected to increase by
4.2% and for all products by + 0.1%.

Scenario 5: Introduction of Taxes on Fossil Fuels
In this scenario, we assume that a general tax on fossil fuels of 50% is imposed on domestic and
imported coal, gas, and products of other mining. The implementation of such a scenario is a
little more complicated than the previous ones. In a first step, the input coefficients for domestic
and imported fossil fuels of the input–output table are multiplied for industries with a scaling
factor of 0.5 reflecting the 50% tax on fossil fuels. In a second step, the taxes on fossil fuels
for industries are added to the taxes on products excluding VAT. The direct purchases of domes-
tic and imported fossil fuels by final users are also weighted with the tax rate of 50% and then
added to the taxes on products excluding VAT paid by final users.

We applied the price model of input–output analysis for this scenario and the results are
shown in table 3, column 5.

The tax on fossil fuels of 50% is expected to increase the price of refined products by 37.4%
and of electricity by 10.1%. The price index for coal, oil, gas, and other mining is expected to
increase by 5.4%. In sum, product prices are expected to increase by a more moderate 1.6%.
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The new tax on fossil fuels is included in the row of taxes on products that increases in value from
10.969 billion euro to 17.668 billion euro by (+6.655 billion euro or + 61.0%).

We should keep in mind that all products in the input–output table are shown at basic prices
without taxes less subsidies on products. Taxes and subsidies on products are shown in separate
rows. In the system, the new tax on fossil fuels is added to row 23 (taxes on products excluding
VAT) of the input–output table (table 1). The introduction of a fossil fuel tax will increase the
costs of primary inputs, which, in a competitive market, induces a general price increase of
1.6% for the economy. Coal, oil, gas, and other mining are only affected by a price increase of
5.4% as the inputs of fossil fuels in this sector are limited. However, prices for coke and refined
products are expected to increase by 37.4% as the input of coal, oil, and gas in this industry are
substantial. For electricity, a price increase of 10.1% is expected. These findings are possibly the
most interesting of our analysis.

In a final step, a revised input–output table is compiled that reflects the new prices indexes and
the tax on fossil fuels. The revised input–output table is used to evaluate the impact of the fossil
fuel taxes on GDP.

If a general tax on fossil fuels of 50% is introduced, the GDP deflator is expected to increase by
2.2%. Private consumption is affected by 1.4% and exports by 2.1%, reflecting the larger increase
in intermediates (+3.0%) that are more expensive, and these additional costs are passed through
to the final products. However, output prices (+1.6%) will not increase as much since value added
is not affected by a price increase.

For this type of analysis, it would be very useful to implement extended input–output tables
(United Nations, 2018: 518) with satellite systems in physical units. The extended input–output
table comprises separate matrices for employment (1,000 persons), energy use (petajoule), air
emissions (1,000 tons), global warming, acid deposition, and tropospheric ozone formation
(1,000 tons), and waste, sewage, and water (1,000 tons, Millions cubic meters).

Scenario 6: Enforce Import Substitution for Refined Products
In this scenario, we assume that all refined products are produced in the domestic economy. To
build up the domestic refining industry, all imports of refined products are banned. In this case,
we apply the quantity model of input–output analysis as the Leontief inverse is affected by this
drastic enforcement of import substitution. In addition, we also assume that final users cannot
buy imported refined products any longer. This is a scenario to evaluate a policy towards autarky
in a specific sector.

In table 1, we presented the input–output table for Austria with separate information on
domestic products (rows 1–9) and imported products (rows 11–19). In the Leontief quantity
model, we assume that the Leontief production function with constant input coefficients is
defined for products without regard for where they come from. In other words, any company
in Austria has a high flexibility to buy intermediates at home or abroad depending on prices,
transportation costs, and regulations. However, for intermediates as such (combined domestic
and imported intermediates) and other primary inputs, we assume that the Leontief technology
of fixed input coefficients applies in the short run. We could easily change the scenario to a less
dramatic assumption on refined products by assuming that for security reasons only 20% of all
imported refined products should be produced in the domestic market.

The impact of import substitution of refined products on GDP is shown in table 3,
column 6. In this situation, it is expected that GDP will increase by 0.4% and imports decline
by 0.8%. This reprepresents physical growth in quantities as prices do not change. Stronger
growth of 2.5% is expected for intermediates as the rapid growth of the refining sector requires
more intermediates at all stages of production. In this situation, the refining industry will grow by
111.2% and the coal, oil, and gas industry by 21.3%. The overall impact on economic growth is
modest with an increase of output by 1.5%.
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The policy to build up a domestic refining industry by reducing all imports of refined products
affects foreign trade. Imports are expected to decline by –0.8%. Exports are not affected. In this
scenario, import of fossil fuels increases by 4.569 billion euro, and is required to provide the feed-
stock for the growing refining industry. At the same time, imports of refined products are reduced
by 6.766 billion euro as they are now produced in the domestic economy.

6.2 Summary of Results for Fuel Subsidy and Taxation Reform

In table 3, we present the main findings for fuel subsidy and taxation reform. Depending on the
measure, reform is affecting all quadrants of an input–output table, intermediates, value added,
and final demand. If subsidies for final users are reduced, final users must pay higher prices for
domestic products. Domestic intermediates become more expensive if subsidies on fuels are
reduced for industries. If the import of refined products should be reduced, more refineries
need to be built to meet domestic demand and output will grow.

In this paper we assume that domestic refineries have enough capacity to produce the former
imported refined products. However, if the capacity of domestic refineries needs to be enlarged
accordingly, more time and investment are required. We could tackle this problem with a
dynamic input–output model, but it is beyond the scope of this paper.

To fight the negative operating surplus of the refining industry, the price of petroleum pro-
ducts was increased to attain sustainable levels. Finally, the introduction of a tax on fossil fuels
had a significant impact on all other prices.

By applying the quantity model and price model of input–output analysis, we conducted a
partial equilibrium analysis. Decreasing subsidies open new opportunities for the government
to redirect revenues to other welfare-enhancing projects (education, infrastructure) or by reducing
taxes and thereby increasing the disposable income of consumers. These reallocations of govern-
ment funds will also have system-wide impacts.

7. Conclusions
Input–output data offer new opportunities for analysing fuel subsidy reform. Most Statistical
Offices compile supply, use, and input–output tables as an integral part of their national
accounts, including valuation matrices trade and transport margins and taxes less subsidies on
products. This database allows a profound assessment of fuel subsidy reform for products and
industries. This paper mainly dealt with fuel subsidies and taxation reform aimed at taxes less
subsidies on products, production, and imports. However, indirect subsidies of industries, such
as capital transfers, are not covered.

Would Austria win or lose by introducing a fuel subsidy reform? Austria has already moved
along this path by reducing subsidies on products for fuels. Such a reform would hardly be rele-
vant for Austria as the subsidies for fuels in 2011 were small. However, subsidies for industries are
more substantial.

If, however, we conducted the same analysis for Saudi Arabia, the results would be highly rele-
vant for a discussion on the reform. Unfortunately, the data for the large input–output tables of
Saudi Arabia are still confidential and can only be used internally. For Kuwait supply, use and
input–output tables are available but the critical data on the imposition of taxes and subsidies
on products as well as the allocation of other taxes on production and other subsidies on produc-
tion are not known.

The duration of such effects can be evaluated by comparing a time series of supply, use, and
input–output tables. These data are available for all member countries of the European Union
and selected other countries, such as Canada and Norway.
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The main findings are: Input–output models can be used to evaluate the impact of a with-
drawal or reduction of taxes and subsidies on products on economic development in a disaggre-
gated approach for products and industries. We evaluated six scenarios for the fuel subsidy
reform which cover all aspects of supply and demand and foreign trade. Detailed results are
shown for output, inflation, and GDP, including exports and imports.

On the demand side, we implemented one quantity model of input–output analysis. This
model can be used if final demand and intermediate consumption of products is directly affected.
In Scenario 6, we evaluated complete import substitution for refined products that resulted in
changes in the production input structure and the associated Leontief inverse.

On the supply side, we developed five price models of input–output analysis for the evaluation
of a fuel subsidy reform. In Scenario 1, we studied the consequences of a complete reduction of all
subsidies for specific products. In Scenario 2 we studied the consequences of a complete with-
drawal of all subsidies for industries. In Scenario 3, we tested an increase of all taxes on products
excluding VAT by 100%. In Scenario 4, we evaluated what needs to be done if prices for fuels were
introduced in a nation which tries to cover at least the production costs for fuels. This grant of an
indirect subsidy could also be easily implemented for electricity. In Scenario 5, we presented the
most interesting results of the analysis. It concerns the introduction of a general tax on fossil fuels
of 50%. If such a tax were imposed in Austria in the year 2011, the price index for secondary
energy is expected to increase by 37.4% for coke and refined products and for electricity by
10.1%, a large margin as most primary fuels are imported. The expected impact on price indexes
for output of all industries (+1.6%), private consumption (+1.4%), and GDP (+2.2%) is more
moderate. Finally, as noted above, in Scenario 6 we applied the Quantity Model of input–output
analysis to find out how an import substitution of refined products will affect the domestic
economy.
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Leontief Quantity Model

INPUT–OUTPUT TABLE

Supply and use tables are an integral part of the natonal accounts The Leontief Quantity Model model is a demand-pull model.

(SNA 2008). They comprise detailed information on the supply The model is used to measure the impact of new final demand

and use of goods and services and the compöonents of value on output of industries.

for the various industries. Main assumptions:

Supply and use tables are rectangular tables with often many more – Fixed input coefficients for all industries

products than industries. Symmetric input–output tables are con- – Prices fixed

structed using certain analytical assumptions associated with the – Quantities change

transformation of the exiksting supply and use tables into an – Final uses: exogenous variables

input–output format. – Output of industries: endogenous variables

Input–output table (Mio. euro) Leontief Quantity Model

Agriculture Manufacturing Services Final use Output Ax + y = x x = column vector of output

Agriculture 2,361 4,513 266 2,727 9,867 x - Ax = y A = matrix of input coefficients for intermediates

Manufacturing 1,352 61,595 27,385 154,549 244,881 (I-A)x = y y = column vector of final uses

Services 716 32,282 76,558 214,056 323,612 x = (I-A)−1 y I = unit matrix

Value added 5,438 146,491 219,403 0 371,332

Input 9,867 244,881 323,612 371,332

Input coefficients (A) Quantity model x = (I-A)−1 y

Agriculture 0.2393 0.0184 0.0008 0.0073 Agriculture Manufacturing Services Final use Output

Manufacturing 0.1370 0.2515 0.0846 0.4162

Services 0.0726 0.1318 0.2366 0.5765 Agriculture 1.3211 0.0334 0.0051 2,727 9,867

Value added 0.5511 0.5982 0.6780 0.0000 Manufacturing 0.2611 1.3693 0.1521 154,549 244,881

Input 1.0000 1.0000 1.0000 1.0000 Services 0.1707 0.2396 1.3366 214,056 323,612

(Continued )
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(Continued.)

INPUT–OUTPUT TABLE

Input coefficients for intermediates (A)

Agriculture 0.2393 0.0184 0.0008 Projection of output of industries (Growth)

Manufacturing 0.1370 0.2515 0.0846 Increase of final demand for products of agriculture by

Services 0.0726 0.1318 0.2366 by 5%, of manufacturing by 10% and of services by 15%.

Leontief matrix (I-A)

Agriculture 0.7607 −0.0184 −0.0008 Quantity model x = (I-A)−1 y

Manufacturing −0.1370 0.7485 −0.0846 Agriculture Manufacturing Services Final use Output

Services −0.0726 −0.1318 0.7634

Leontief inverse (I-A)−1 Agriculture 1.3211 0.0334 0.0051 2,863 10,728

Agriculture 1.3211 0.0334 0.0051 Manufacturing 0.2611 1.3693 0.1521 170,004 270,961

Manufacturing 0.2611 1.3693 0.1521 Services 0.1707 0.2396 1.3366 246,164 370,256

Services 0.1707 0.2396 1.3366 Projected input–output table (Mio. euro)

Agriculture Manufacturing Services Final use Output

The matrix A reflects the direct input requirements of industries

for intermediate products. Agriculture 2,567 4,994 304 2,863 10,728

Manufacturing 1,470 68,155 31,332 170,004 270,961

The Leontief matrix (I-A) shows the net output (positive sign) of each Services 779 35,720 87,593 246,164 370,256

industry on the diagonal. The other coefficients in the mak matrix Value added 5,913 162,092 251,027 0 419,032

represent th einput requirements for other prolducts (negative sign). Input 10,728 270,961 370,256 419,032

Growth rate in %

The Leontief inverse (I-A)−1 shows the direct and indirect input Agriculture Manufacturing Services Final use Output

requirements of an industry for intermediate products fopr one

unit of final uses. Agriculture 8.7 10.7 14.4 5.0 8.7

Manufacturing 8.7 10.7 14.4 10.0 10.7

Services 8.7 10.7 14.4 15.0 14.4

Value added 8.7 10.7 14.4 12.8

Input 8.7 10.7 14.4 12.8

Source: United Nations (2018): Handbook on Supply, Use and Input–Output Tables with Extensions and Applications, New York, p. 594.
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Leontief Price Model

INPUT–OUTPUT TABLE

Suplly and use tables are an integral part of the natonal The Leontief Price Model model is a cost-push model. The

accounts (SNA 2008). They comprise detailed information model is used to measure the impact of new primary input

on the supply and use of goods and services and the costs on product prices throughout the economy.

components of gross value added for the various Main assumptions:

industries. Supply and use tables are rectangular tables - Fixed input coefficients for all industries

with often many more products than industries. Symmetric - Quantities fixed

input–output tables are constructed using certain analytical - Prices change

assumptions associated with the transformation of the - Primary input coefficients: exogenous variables

existing supply and use tables into an input–output format. - Prices (Price indexes): endogenous variables

Input–output table (Mio. euro) Leontief Price Model

Agri-culture Manu-facturing Services Final use Output

Ap + v = p p = row vector of product prices

Agriculture 2,361 4,513 266 2,727 9,867 p - Ap = v A = matrix of input coefficients for intermediates

Manufacturing 1,352 61,595 27,385 154,549 244,881 p(I - A) = v v = row vector of primary input coefficients

Services 716 32,282 76,558 214,056 323,612 p = v(I-A)−1 I = unit matrix

Value added 5,438 146,491 219,403 0 371,332

Input 9,867 244,881 323,612 371,332

Input coefficients Price model p = v(I-A)−1

Agriculture 0.2393 0.0184 0.0008 0.0073 Agriculture Manufacturing Services

Manufacturing 0.1370 0.2515 0.0846 0.4162

Services 0.0726 0.1318 0.2366 0.5765 Agriculture 1.3211 0.0334 0.0051

Value added 0.5511 0.5982 0.6780 0.0000 Manufacturing 0.2611 1.3693 0.1521 Leontief inverse

Input 1.0000 1.0000 1.0000 1.0000 Services 0.1707 0.2396 1.3366

Input coefficients for intermediates (A) Value added 0.5511 0.5982 0.6780 Input coefficients

(Continued )
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(Continued.)

INPUT–OUTPUT TABLE

Agriculture 0.2393 0.0184 0.0008 Price indexes 1.0000 1.0000 1.0000

Manufacturing 0.1370 0.2515 0.0846

Services 0.0726 0.1318 0.2366 Projection of product prices (Inflation)

Leontief matrix (I-A) Increase the prices of value added for agriculture by 5%,

Agriculture 0.7607 −0.0184 −0.0008 for manufacturing by 10% and for services by 15%.

Manufacturing −0.1370 0.7485 −0.0846

Services −0.0726 −0.1318 0.7634 Price model p = v(I-A)−1

Leontief inverse (I-A)−1 Agriculture Manufacturing Services

Agriculture 1.3211 0.0334 0.0051

Manufacturing 0.2611 1.3693 0.1521 Agriculture 1.3211 0.0334 0.0051

Services 0.1707 0.2396 1.3366 Manufacturing 0.2611 1.3693 0.1521 Leontief inverse

Services 0.1707 0.2396 1.3366

The matrix A reflects the direct input requirements of an Value added 0.5787 0.6580 0.7797 Primary input coef.

industry for intermediate products. Price indexes 1.0694 1.1072 1.1452

Projected input–output table (Mio. euro)

The Leontief matrix (I-A) shows the net output (positive sign) of Agriculture Manufacturing Services Final use Output

each industry on the diagonal. The other coefficients in the

matrix represent input requirements for other products (negative Agriculture 2,525 4,826 284 2,916 10,552

sign). Manufacturing 1,497 68,198 30,321 171,117 271,133

Services 820 36,968 87,672 245,130 370,590

The Leontief inverse (I-A)−1 shows the direct and indirect Value added 5,710 161,140 252,313 0 419,163

input requirements of an industry for intermediate products Input 10,552 271,133 370,590 419,163
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for one unit of final uses. Growth rate in %

Agriculture Manufacturing Services Final use Output

Agriculture 6.9 6.9 6.9 6.9 6.9

Manufacturing 10.7 10.7 10.7 10.7 10.7

Services 14.5 14.5 14.5 14.5 14.5

Value added 5.0 10.0 15.0 12.9

Input 6.9 10.7 14.5 12.9

Source: United Nations (2018): Handbook on Supply, Use and Input–Output Tables with Extensions and Applications, New York, p. 595.
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