

















However, a straightforward comparison such as the one above is misleading unless the
objectives behind the levying of fuel taxes in any country are properly understood. In this

regard, some general objectives employed by Governments worldwide are:

1) To achieve environmental objectives

2) To influence consumer behaviour (conserve fuel as it is an expensive commodity)

3) As a means of raising revenue for the Government, aligned to the fact that it is an
easy tax to collect

4) Per the SA Energy quote, to tax the wealthy as only the wealthy can afford cars
(redistribution) etc.

These objectives cannot be viewed as mutually exclusive as an alteration of fuel taxes

will have an effect on all of the above simultaneously.

The first and second objectives should be seen as highly interlinked. In recent times, fuel
taxes, and more specifically, the implementation of carbon taxes on fossil fuels with high
carbon contents, have been gaining considerable currency as an environmental tool in
many parts of Europe and Australia (OECD, 1993). The idea behind such a tax is
specifically to influence consumer behaviour away from the use of such fuels and
increase the use of non-polluting sources of energy instead in order to achieve

environmental objectives.

Furthermore, with the World Summit on Sustainable Development that was held in
Johannesburg, there is a focus on employing more sustainable energy sources instead of
depleting the limited source of fossil fuels. One means of conserving the usage of current
energy sources is to levy high taxes on it so as to force the consumer to re-consider
whether their utility gained from such an energy source is still as beneficial as compared
against a more environment-friendly alternative energy source. Thus, the South African
Government may insist that higher fuel taxes are needed in order to curb the use of fossil
fuels by South Africans.



However, with regard to attempting to utilise high levels of fuel taxes to achieve
environmental objectives, the OECD (1993:5) has a fair warning: “Governments
accustomed to taxing energy to raise revenue or for security may contemplate taxing

energy to discourage its use, and implicitly, to reduce energy-related pollution...

...Decisions about incentive taxes should not be made in a vacuum. The wish to use
energy taxes as envirommental policy tools requires an understanding of the existing
array of taxes affecting energy, a profile of energy use, and a profile of energy-related

pollution.”

One of the main reasons why Europe has such high fuel tax contents is because of the
second objective specifically. The European public transport system is highly advanced,
extremely reliable and generally viewed as safe. Furthermore, as it is a means of mass
transport, it is therefore capable of reducing the usage of liquid fuel consumption for
transport purposes if people can be persuaded to forfeit the use of their own vehicles in
favour of such public transportation. The only way to achieve this, aside from ensuring
the safety and punctuality of the public transportation system, is to ensure that it is a
cheaper mode of transport for the commuter instead of his/her own vehicle. As a result,
and with the added benefit of additional revenue for the Government from those who
would still rather use their own vehicles, the Governments of Europe have artificially

inflated the cost of their liquid fuels by levying high levels of taxation thereon.

In South Africa, the same cannot be realistically said about our means of public
transportation. Those who can afford their own vehicles use them to travel everywhere,
whilst the poorer Households who cannot afford their own vehicles are forced to use
mini-bus taxis, busses and/or trains. The general view is that the public transportation
system in South Africa is unreliable, and often questions are asked about safety levels as
well. Thus, by comparison to Europe, the reason behind the lower fuel tax content is
clear. Fuel taxes in South Africa are levied for revenue purposes, and cannot be assumed
to have an element of an incentive tax in them that attempts to convert all South Africans

into users of the public transportation system, as is the case in Europe.



Perhaps in the future this may be a realistic assumption, given the move in Gauteng to
create the Shilowa Express. Thus super-train is envisaged in part to reduce the congestion
and degradation of the roads by enticing commuters to stop using their own vehicles
through the provision of an alternate and reliable means of public transport. At the

present time though, such an assumption would not be fair in South Africa.

With regard to the third objective, the SA Energy Profile (1998) indicates that the petrol
price curve is inelastic, and therefore no matter what level the fuel tax is set at, the
Government can be comfortably assured that fuel consumption will only be marginally
affected*. Aligned to this, is the fact that the highly regulated environment in which South
African petrol stations operate facilitates the collection and administering of such a tax.

Because of all this, this source of revenue generation is ideal for Government.

The last objective applies more specifically in a South African context. Again, as the SA
Energy Profile (1998) article pointed out, there is a perception that private transport is a
luxury item, and as such, revenue generated by fuel taxes will be at the expense of
wealthier people. This assumption is usually made with regard to fuel taxes, as it is only
the wealthy that are generally viewed as being able to afford their own motor vehicles.
An analysis of the validity of this assumption is therefore a crucial focal point of this
study’s assessment of the welfare impact on Households arising from the increase in fuel
taxes. This issue is dealt with specifically under the assessment of the type of income
Household that will be forced to bear the greatest relative burden of the price impacts,

particularly once the indirect effects have been accounted for.

The same article also goes on later to state that in 1997, the main use of liquid fuels was
for transport and that the transport sector consumes around 90% of all petroleum products
marketed in South Africa. Thus, in an environment of extremely high international fuel

prices and increasing fuel levies, the effectiveness of these domestic fuel taxes becomes

* Refer to Appendix I for analysis of fuel tax and fuel price increase compared to fuel consumption levels in South
Africa.



questionable, especially as the prices of petroleum products will have an effect on the
CPI (Consumer Price Index), and the PPI (Producer Price Index), and consequently on
inflation and economic growth. The inflation aspect is of specific concern to the Reserve
Bank given their strict inflation targets and the fact that they failed to meet the 2001

targets that were set, mainly because of fuel price shocks.

With regard to the implications, particularly the indirect effects, generated through the
levying of fuel taxes, Henderson (Oil Industry Controlled Prices and Customs Adviser:
SAPIA® Annual Report, 1998:23-24) raises some valid points:

“...High taxes in this area are common around the world, because the extensive and
essential use of fuel makes it a powerful fiscal force. Yet fuel tax is also an extremely

sensitive instrument.

Taxes on fuel today (1997/98) amount to more than R16 billion rand a year — which is a
sum greater than the contribution to the gross national product of South African mining
and commerce together. Fuel taxes represent more than 8 percent of all the money Inland
Revenue and Customs and Excise are budgeted to collect from all sources in the 1997-98

tax year.

Fuel taxation, therefore, requires special attention and careful administration. It affects
every motorist and every family, not only directly, but by the way the tax impacts on the
economic environment. The cost of petrol and diesel affects the business of major fuel
users in the economy such as agriculture, fishing, mining and road transport, as well as

those in trade, commerce and export manufacturing, and impacts on inflation rates.

4
Clearly so complex and sensitive a tax requires constant monitoring, modifying and

sometimes a major re-think in policy...”

An important issue being raised by Hendersen (1998) is that obtaining revenue from fuel

taxation comes at a price, and that price is reflected in the increased cost of economic

® SAPIA stands for South African Petroleum Industry Association



activity in the country. Hendersen (1998) highlights in particular the importance of
considering the downstream indirect effects associated with fuel taxes. In this regard, it is
not only Industry activity that is noted to be affected, but also Household welfare issues

that are an important focus of this study as well.

With regard to the latter point, the following extract of an article by Maharaj (2000)
highlights this problem: “Millions of households in the developing world still lack access
to safe and reliable energy — and pay high prices for poor quality substitutes (in South
Africa, this can be seen as the use of paraffin (which until 2001 attracted VAT®) as
opposed to electricity) ...

. The International Bank jfor Reconstruction and Development this year (2000)
published a resource, “Energy Services for the World's Poor”, to help address this
challenge. Its main theme is how a developing country’s government concerned with
tackling poverty among its citizens should think about its role in the energy sector. What
kinds of energy policy and projects are likely to have the most beneficial and sustainable
impact in terms of alleviating poverty? And where should energy policy advisers
concerned with promoting development and improving the lot of the poor focus their

efforts?”

It is precisely these type of welfare and social development issues that are so clearly a
concern at the World Summit on Sustainable Development, not only currently, but also at

the Rio Summit held a few years ago.

Clearly therefore, in order to set fuel tax levels, be they increased taxes to generate
revenue or carbon taxes for environmental purposes, a Government must be fully aware

of the economic and social implications associated with such a decision.

8 “VAT on Hluminating Paraffin was zero rated in April 2001 in order 10 lower the price of this important fuel to the
poorer sections of the community” (SAPLA Website ~ reference number 4)



Unlike the other major elements of the fuel price in South Africa, the tax component of
the fuel price is influenced solely by Government policy. If Government were to alter the
level of these levies, it would have a direct impact on the price of petrol/diesel and may

thus assist South Africa to:

(a) limit the negative economic and social effects associated with the current high levels
of international fuel prices and,
(b) stimulate economic growth for the future by reducing the cost of economic activity

within the country.

It is against this sort of background that this study therefore models a 10% rise in fuel
taxes. There is clearly a need to understand the economic and welfare implications arising
from raising revenue via fuel taxation. In addition, it is important to assess the validity of
assuming that it i1s the wealthy that will bear the greatest burden when fuel taxes are

increased.

The modelled increase is based on the level of fuel taxation in South Africa in 1997. The
underlying information source was the South African Social Accounting Matrix (SAM)
that was created and developed for the 1997 year by WEFA Southern Africa for the
World Bank’. From this SAM database, various models have been built, on the basis of
slightly differing assumptions. All these models are developed and presented in Chapter
2, along with an analysis of the assumptions underlying each model and the implications
thereof on the findings of this study.

More specifically though, this study attempts to quantify and understand both the direct
and indirect price implications of this 10% increase in fuel taxes on South African
Industries and Households. Indirect effects arise because economic entities interact with
each other by means of purchasing and selling their products to others. These interactions
are not only inter-linked in a very complex manner, but most importantly, they allow for

costs incurred by one entity to be passed onto others. This means effectively that

7 Refer to Appendix II for data description



additional downstream price impacts will also occur from an initial shock to the

economy.

As a result, an analysis of direct effects alone will mean that this complex net of linkages
and additional price impacts will be ignored. Moreover, as the aim of this study is to
understand the economic price impacts of a rise in fuel taxes, it is therefore important to
include as much of these indirect effects as possible so as to obtain as complete and

accurate a picture as possible.

With respect to capturing the indirect effects, three models are developed within Chapter
2 in order to provide a more detailed picture of the impact arising from the inclusion of
differing indirect effects. The net effect of utilising these different models is that a form
of sensitivity analysis is inherently built into the results presented in this study, as these

results have to be interpreted based on the assumptions underlying the relevant model.

Further, as more indirect effects are captured, the picture of a given scenario becomes

more complete, and consequently enhances the depth of the analysis performed thereon.

The results produced by the different models are presented in two separate chapters:
Chapter 3 which analyses the results from an Industry production cost perspective, and

Chapter 4, which analyses the results from a Household welfare perspective.

With regard to Industry implications, a key focus remains the importance of capturing as
many indirect effects as possible. Fuel taxes impact directly and indirectly on the cost of
doing business in South Africa, with the indirect impacts expected to differ depending on
the role fuel plays in each sector of the economy. In the case of industry, changing the
level of fuel taxes will affect the cost of production, which will ultimately impact on the
competitiveness of businesses. The results presented in Chapter 3 therefore aim to
provide an important understanding of these price impact effects within the context of the
local economy, the real drivers behind these effects and the sectors that are most affected

by the increased fuel tax. The results are therefore presented and analysed in terms of the
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impact on PPI. As this is specifically weighted towards Industry production expenditure,
it is considered the more indicative measure of the impact on Industry arising from a 10%

rise in fuel taxes.

On the other hand, from a Household perspective, the focus is on the welfare impacts
arising from the increase in fuel taxes. Welfare impacts should always be an important
concern of any decision-makers formulating energy policy, particularly with the large
proportion of disadvantaged communities living in South Africa. More specifically, the
concern of this chapter is whether the increase in fuel taxes will be more beneficial or
harmful to these poorer communities. In order to perform this analysis of welfare and
price impact distribution effects, Households are categorized according to their income
earning deciles. Once again, capturing as many of the indirect effects as possible is
important in order to obtain as accurate an idea of the type of income Household that will
be affected most negatively by the fuel tax rise. In this instance, the results are therefore
presented and analysed in terms of the impact on CPIL. As this is specifically weighted
towards Household consumption, it is considered the more indicative measure of the

impact on Households arising from a 10% rise in fuel taxes.

Finally, a policy-modelling scenario wherein the Agricultural sector is exempted from the
direct increase in fuel taxes is presented. This scenario was considered necessary in light
of recent calls that were made by the Agricultural sector lobbying Government to exempt
them from fuel taxes, as well as Government’s positive response to this in 2001%, The
second scenario involved exempting Households and Government from the direct effects
of the fuel tax increase. This scenario is evaluated on the basis of both welfare
implications and the ability to minimise the resulting price impacts arising from the fuel
tax increase. In both cases, the Industry and Household implications are analysed and

presented in order to provide a complete picture of the potential effect on these two

groups.

® According to the SAPIA 2001 Annual Report, in July 2001 taxation concessions were granted to diesel users in
important primary industries such as agriculture and forestry, mining, coastal shipping (including the NSRI), offshore
fishing and mineral exploitation.
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Chapter 2
Methodology

Introduction

In recent years, fluctuating fuel prices have become a common phenomenon facing every
South African as the Rand weakens/strengthens against the U.S. Dollar, and the U.S.
Dollar-based value of oil fluctuates daily in world markets.

As fuel is an essential cog in the productive capabilities of any country, the impact of
fluctuating fuel prices can have far-reaching effects on an economy. To illustrate, without
fuel, there can be no transport and without transport, people cannot get to work and goods
cannot be delivered, and hence production and business in general would be severely

hampered.

Taking this further, as fuel prices increase, so the cost of doing business will also be
expected to increase. Use of PPI, CPI and CPI (x) figures are all examples of the ways in
which countries attempt to measure the impact of various shocks, including fuel price

fluctuations, to their economy.

The problem inherent in these figures is that they measure the impact arising from
multiple shocks, e.g. currency devaluation, food shortages, labour strikes, oil price
changes etc. based on the increased price of each of the individual products used in a

selected basket of goods.

Consequently, as the aim of this study is to measure both the direct and indirect effects
that result solely from a 10% rise in fuel taxes, the published results of the above figures
have not been utilised in this study.

Measuring the direct effects is relatively straightforward, and is essentially similar in

nature to the manner in which the PPI, CPI and CPI (x) figures are calculated.
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Measuring the indirect effects however, is somewhat more difficult and requires the
development and use of economic models, as unlike the direct effects calculation, there is
no straightforward calculation that has been universally accepted. The models available
to measure these indirect effects differ in terms of certain key economic assumptions that
have to be made in developing such models, and consequently the results produced will

also vary accordingly.

To overcome this problem, three economic models are utilised in this study. The reason
behind this is simply to allow for a comparison and understanding of the reason behind
the differing results produced by each model, whilst simultaneously assessing the impact
— in terms of results - of making certain assumptions. The result is effectively the

presentation of an inherent sensitivity analysis under certain assumptions.
This chapter thus aims to provide an understanding and critique of each of the models

utilised in this study to ensure that the results produced are fully understood in light of the

assumptions and inherent limitations underlying each of the models.
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1. Types of Models Available

In this section, the Direct effects model is developed and presented in order to be able to
isolate and assess the direct effects of the rise in fuel taxes. Then, in an attempt at
capturing and assessing the overall (direct and indirect) effects, an Input-Output model

and SAM-based models are similarly developed and presented.

1.1 Direct Effects Model

When fuel taxes are increased by 10%, the consumer’s first concern is how much more it
will now cost them to fill up their vehicles. If it were assumed that when fuel taxes were
increased fuel prices were the only commodity that was impacted upon, then this

economic impact can be measured as:

i

Equation 1 AE; 0.1*F;

E;

where

i = aspecific Industry or Household category
F
E

Total fuel tax paid by the specific Industry/Household to Government
Total expenditure by the specific Industry/Household (before the 10% fuel tax
increase) on all Industry/Household purchases

i

%AE = Percentage increase required in E as a result of the 10% rise in fuel taxes in order

to retain real income
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The following Table is an example of the database that provides the information that

enables the above calculation to be performed:

Table 2.1
Direct Cost Information Database
Demand Other Demand | Gross Output
Manufacturing Agriculture

Industries 350 600 950 1900
Fuel Tax 150 75

Other 400 325 950
Total 900 1000 950

Reading down the column (e.g. agriculture), the information in Table 2.1 above
highlights the amount that the agricultural industry spends on fuel taxes in relation to its
total expenditure. It is therefore possible, with regard to this study, to accurately assess
what the direct impact of a 10% rise in fuel taxes will be for each individual industry.

As a specific example, the direct impact on the agricultural industry from a rise in fuel
taxes by 10% per Equation 1 will be:

0.1* Agriculture fuel tax amount = 0.1 *(75) w 0.75%
Agriculture Total Expenditure 1000

This is interpreted as the agricultural sector having to suffer a 0.75% increase in their
overall expenditure in order to afford the same amount of fuel as before the 10% fuel tax

increase.

One problem with this model though is that the assumption that a rise in fuel taxes will
affect only the price of fuel is not entirely true. Even though it is only fuel taxes being
increased in this study, a rise in these taxes will increase the price of fuel, which in turn,
and to varying degrees, will increase the cost of all products and services that then utilise
fuel as an input (e.g. agriculture). This in turn, will also increase the downstream cost of

all products and services that then utilise these affected products and services as their
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inputs (‘knock-on’ effects), which leads to yet another series of downstream cost

increases being created.

Thus by capturing the direct effects suffered by a specific economic group only, this
model is in effect capturing only the first component in the above series of effects, and

none of the resulting ‘knock-on’ effects.

More specifically, as this model fails firstly to capture the associated impact of the fuel
tax increase on intermediate good purchases, other indirect price impacts that are even
further downstream e.g. potential wage increase impacts required to compensate

employees for cost of living increases, also cannot be captured.

As a result of the underlying assumption made in developing this model, it is only
capable of analysing the impact of changes in an economic group in isolation to the
impact that these changes may have on other economic groups, and as is clear from the
above description, the series of ‘knock-on’ effects are a direct consequence of this

economic interaction of all groups within the economy.

Thus, the precise reason why this model is incapable of capturing these ‘knock-on’
effects is its inability to capture the entire range of relationships between all sectors of the

economy.

As Roukens de Lange (1989b: 21) points out, this can be a major problem: “QOften
economic analyses and calculations are carried out which do not treat the economy as a
whole and which may result in partial and potentially flawed insights. To evaluate the
quantitative impact on all aspects of the economy of alternative policies, economic forces
and events, it is necessary to have an adequate economic model structure that covers the

entire economy.”
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Clearly therefore, any model that purports to be even mildly capable of covering the
entire economy must at the very least be able to capture the entire range of relationships

between all sectors of the economy.

1.2 Input-Output Methods

In this regard, the use of Input-Output methods has become widely accepted for
appraising the incidence of energy taxes. Because Input-Output Tables provide the
capability to capture, and if necessary, isolate the complex Industrial relationships within
an economy that are responsible for the ‘knock-on’ effects mentioned earlier, they have

become the traditional database for models requiring industrial detail.

Moreover, it is also worthwhile noting that Input-Output methods are the one alternative
that have already been refined specifically for tax impact analysis, with Rose & Stevens
(1988) having utilised an Imput-Output model to examine the provisions of the Tax
Reform Act of 1986 relating to the oil and gas industry in the U.S.”

Labandeira & Labeaga (1999) also notes that Input-Output analyses are well suited to
assessing the effects of, amongst others, a carbon tax levied on fossil fuels (coal, lignite,
natural and manufactured gas and liquid fuels in this exercise) on the relative prices of

industry outputs.

More specifically, “Input-Output analysis has been most recently used to estimate the
price effects of carbon taxation in Australia (Cornwell and Creedy, 1996), Britain, the
USA (1996) and Germany (Proops, Faber and Wagenhals, 1993). The preceding studies
employed an Input-Output demand model to calculate the CO; intensities for each
industrial branch — i.e. the carbon contents of their products — which allows for a
straightforward computation of the price changes after carbon taxation.” (Labandeira &
Labeaga, 1999: 310)

? Bahl and Shellhammer (1969) discuss the range of uses for the Input-Output model to evaluate tax incidence and
other tax effects.
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The aforementioned carbon tax studies are very similar to this study in that their aim is to
assess the price effects of an increase in fuel taxes on the economy. The intensity with
which each industry utilises fuel will ultimately influence the price effects that an

increase in fuel taxes will have on the economy as a whole.

From the discussions thus far, it is clear that an Input-Output model, as advocated by
most energy incidence studies, is the best model available at this point for analysing the
price effects on industry as a result of an increase in fuel taxes. However, before getting
to the detail of the model itself, one has to first understand the database from which the
model is derived in order to be able to interpret the results produced by the model.

1.2.1 Input-Output Tables

The link between being able to capture inter-industry relationships and thereby capturing
the ‘knock-on’ effects that they generate from a shock to the economy can best be
understood from the following explanation by Parikh & Bailey (1990: 168):

“In order to produce output, an industry requires certain primary inputs, e.g. labour of
various skill types, capital equipment etc., and in addition requires a number of the goods
produced elsewhere in the economy as intermediate inputs. Unlike the capital equipment
at the disposal of the industry, these intermediate inputs are totally used up during the
production process. For example, to produce furniture, the manufacturer must purchase
inputs from other industries, such as wood, nails, electricity, paper and packaging, and
transportation services in addition to the primary inputs necessary for the production
process. In turn, these demands for the aforementioned intermediate goods (wood, nails
etc.) give rise to demands by these other industries for intermediate inputs (e.g. fuel by
the transportation industry) in order to produce said intermediate inputs (wood, nails

etc.) as required in the original industry (furniture), and so on.”
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1.2.2 Developing the Input-Output Price Model 10
Bearing this type of relationship in mind, the distribution of sector i’s value as

traditionally recorded in the Input-Output Table is mathematically represented as:

PX,+PX, +“'+P1X1j +..+FD =PX,
ljz'XZI +})2X22 +"'+P2ij +-...+FD2 =[’2X2

Equation 2 PX, +PX,+..+PX, +..+FD, = PX,
Tax, +Tax,+..ommiinn +Tax, +0 =Tax,,
VA, +VA, +oiiircinnne +VA, +0 =V
BX +P X, +PXij+.cnnnn.e. + PrXon = PX

wherei=1,2,3,...,n,
Tax; and VA, represents payments to taxes, labour, capital and other costs,

P; represents output prices and X; represents output quantities.

The key to the price model relates to the fact that the data in the Input-Output Table,
which is presented in nominal values, is made up in its most basic form of (price x

quantity), and that the row and column totals balance.

As pointed out by Bulmer-Thomas (1982), output (X values) somehow needs to be
removed from the scenario. In the price model the interpretation of Equation 2 is that the

value of output produced per the first column (say P;X;) is made up of

PiXi + P35 + Taxy + VA =P X,

To remove the output values from the system, the entire column j is divided by the

respective output value X;. This now effectively makes X=1 under this model. This also

leaves the following for the first two columns (reading each column separately)

1 Refer to Appendix IV for the detailed background and development of the Input-Output price model
equation presented here.
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where a;j = TA;"Z’ or simply put, this represents the application of the standard Leontief
j

assumption of fixed consumption coefficients under the price model.

Tax = Tax, Tax, Tax, and
Xl X2 Xn

vac | VA4 V4 VA,
Xl XZ Xn

In matrix form this then becomes
PA +Tax + VA =P,

Where A is the normal coefficient matrix.

Now let V =Tax + VA
After re-arranging, we obtain P-PA=V

= P[l-A]=V
= P=VI[I-A]"
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The impact of an increase in fuel taxes can therefore be found via:

Equation 3 AP = Av’ [I-A]"

Where Av’ = (%J
X

1
with the Av’ vector at this point only capturing the change in the fuel tax experienced by
Industry accounts.

(I-A)" is the standard Leontief inverse. The ‘A’ matrix is known as the matrix of
technical, input-output, or direct input coefficients, whilst (I-A)™ captures both the direct
and associated indirect effects that will arise from a shock to the economy. The indirect
effects captured by (I-A)! will therefore only be those effects arising because of
interactions between the accounts included in the (I-A)"! matrix. Under this model, this is
only the Industry accounts.

AP is the overall change in price that results from increasing fuel taxes by 10%

1.2.3 Limitation of Input-Output models

Despite obvious superiority over the direct effects model as an economic tool, it should
however be noted that the Input-Output Table, and hence model’s, focus upon inter-
industry relationships alone means that this model is also limited as an economic
modelling tool. Simply put, Input-Output models fail to provide sufficient detail of inter-
relationships with and between other economic groups that exist outside of the industrial
sector, e.g., wage interactions with Households or Government, in the same manner as

industry inter-relationships are captured.

As a result of this, Input-Output models provide only a partial record of the flow of
income within the economy, i.e. detailed flows within the industrial sectors, but no
indication of the relationships and flows between the other economic groups which

purchase industry products as well as provide inputs to industry e.g. in the form of labour.
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More specifically, this model does not take into account demands by factors to maintain
real wages. Unless payments to factors rise, which in turn will also impact on product
prices again, real wages will decline as a result of the increase in fuel taxes. The model
therefore assumes that workers accept real wage declines, which is clearly an unrealistic

situation to assume in a South African context.

Clearly therefore, Input-Output models are not detailed enough outside of industry to
provide the necessary framework for considering the full impact of changes in the

economy.

As aresult, there has been a noticeable shift of interest from the basic Input-Output Table

to a more extended version thereof - the Social Accounting Matrix (SAM).

1.3 SAMs and SAM-based Models

A SAM is merely an extension of the Input-Output Table framework developed by
Leontief in the 1930°s. The only difference relates to the focus being extended beyond
inter-industry flows of expenditures and receipts to a wider range of institutions including
Households and Government, and identifying separately the sources of consumption and
capital formation. Households are usually aggregated into meaningfully distinct groups
which can be used to focus on their economic position, for example their sources of
income, sector of employment, expenditure and savings decisions, tax burdens and
receipts of transfer payments. In this regard, the SAM used in this study allows for a

grouping of Households into 10 different income-earning categories.

As Pyatt & Round (1985) point out, the development of SAMs was motivated in part by
the desire for a unified framework that reconciled the Input-Output accounts with macro-
economic accounts Unlike an Input-Output Table, a SAM is regarded as being able to
comprehensively record the interactions between all components of the economy, at a
point in time, by integrating data from the national accounts with data on transactions
between Industries, Households and other agents. The SAM is therefore able to provide

detail and a more complete economy-wide policy perspective as opposed to the Industry-
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only perspective offered by Input-Output accounts. As a result, a SAM also allows for
economic analysis to be extended beyond Industry accounts so as to provide information

about commodities and people as well.

In fact, according to Roukens de Lange (1989), any SAM-based model can basically be

seen to represent the structure of the South African economy in 3 major respects:

- In the first place, it handles inter-industry financial flows on the same basis as the
Input-Output Table of the South African economy. This allows the SAM database to
be used to calculate the relative effects of alternative economic patterns on different

industrial sectors.

- In the second place, the SAM provides data on income and expenditure for the
various income categories within these groups. This allows for the creation of a
model that can investigate the income distribution and private consumption

expenditure effects of economic policies across these various income groups.

- In the third place, the SAM deals with financial flows in the economy as set out in the
national accounts. This allows the relationships between saving and capital
expenditure, tax and government spending, imports and exports, deficits and balance

of payments, to be explored.

To reinforce the inherent value of the second point mentioned above, Pyatt & Round
(1985:1-2) have noted that “The framework for data and models must recognise the
central importance of people, not commodities, if it is to best serve the interests of policy
design. While most would agree that output growth is a necessary condition for sustained
improvement in living standards, it is also generally recognised that economic policy
must simultaneously concern the distribution of benefits arising from growth, to the point
where faster growth overall may be sacrificed for the sake of faster growth in the living
standards of particular groups, especially poverty groups...
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...The SAM approach serves to emphasise the fact that the distribution of employment

opportunities and living standards in a society are inextricably interwoven with the

structure of production and the distribution of resources.”

The usefulness of the SAM in the case of this study is the specific need to incorporate

Household activities, in addition to assessing the price effects on Industry output, in order

to evaluate the distribution of the price burden across the different household income

categories arising from an increase in fuel taxes. It is the SAM and SAM-based model’s

ability to allow for an in-depth amalysis of this latter issue that results in it being
invaluable to this study.

In order to reinforce this, McGrath (1987), in his critical report on South Africa’s SAMs,
highlighted 2 general goals of all SAMs:

The first is expanding the present national accounting system to incorporate data on
income distribution. As such, SAMs “provide a holistic framework from within to
view an economy and its internal relationships” (CEAS, 1986: 4). In this sense the
SAM provides a method by which the national accounts can be transformed from a
documentation of production statistics to a statement of what the economy is like as a
generator of incomes, making the living standards of the different socio-economic
groups the focal point of the exercise. However, the structure of production, and
commodity balances, still have to play an important part in this framework, for they
are a part of the setting in which living standards are determined. To achieve this goal
the social classes that are chosen must have relevance to questions relating to the

distribution of income.

The second major aim is the “provision of a planning tool which permits the
evaluation of the potential impacts of policy changes and development programmes
on various socio-economic groups” (CEAS, 1986: 4&5). King (1985) was the first to
point out that the SAM provides a statistical basis for the creation of a plausible

economic model. In this capacity “...they provide not only the Government but also
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the private sector and independent researchers with instruments that can be used to
determine the extent of the problems, and also to search for appropriate solutions to

these problems...” (McGrath 1987: page 303)

- A third subsidiary purpose, as was also initially put forward by King (1985), concerns
the organisation of information. In this latter capacity the “construction of the SAM
can provide a test of the consistency of data from various sources, and can be used to
identify areas in which improvement is necessary, and lead to a subsequent need to

reform the existing data system” (CEAS, 1986:5).

With regard to the achievement of these goals, it is essentially the matrix format of the
SAM database, as with the Input-Output database, that facilitates the capturing of both
the multitude and magnitude of indirect linkages between all the sectors in the SAM. As
noted before, where the SAM differs from the Input-Output Tables is that these important
linkages include not only inter-industry, but also the relationship between income and
consumption, consumption and production and finally, production and income, more
commonly known as the circular flow of income. The following diagram provides a

visual description of this flow:
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Diagram 1

Dlustration of the Circular Flow of Income
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The above diagram can be interpreted as follows:

=> As a random starting point, Producers create products and services, which are then

sold in the Product Market.

=> Some of these goods and services are purchased by other Producers as inputs to their

products and services, whilst the remainder of the goods and services are sold to

Households and Government.

=> Households purchase these goods and services with the salaries and wages that they
earn by providing their factor'' services in the Factor Market to Producers. These

salaries and wages are yet another input cost for products sold in the Product Market,

and therefore have an impact on product prices.

! Households, factors and employees are used inter-changeably throughout the study depending on the model being

employed. Under the traditional input-output model, factors (or labour) are essentially one of the inputs into the

production process. Under the Partial SAM-based model, factors are viewed more specifically as employees supplying

labour. Finally, under the full SAM-based model, households are viewed as both the suppliers of these

employees/labour, as well as consumers in their own right.



= Government utilise the income earmed from taxes levied on Producers and
Households to purchase goods and services in the Product Market, and factor services
in the Factor Markets.

=> The Rest of the World segment reflects the imports and exports transactions that can
occur with regard to transactions involving either products or factor services that are

not taken up by Producers, Households or Government.

Clearly the problem with the Input-Output Table is that it only provides detailed
information on the link between producers and the product market component of the
above structure, and considers all the other components as part of the Rest of the World

segment.

By facilitating the extension of analysis beyond the production accounts to include issues
of income distribution, price transmission, employment and poverty alleviation, a SAM
provides a more complete picture of the economy than the Input-Output Tables with its
inherent bias towards production (Vogel, 1994).

Bearing this in mind, the Social Accounting Matrix (SAM) therefore allows for the

inclusion of Household flows into the model.
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1.3.1 Using a SAM database to endogenise Households and Governments
The Input-Qutput Table discussed earlier is now expanded to include a separate

Household income row and expenditure column (Consumer Demand (F)):

Table 2.2"
Ilustrative Example of a Simple SAM Database
Intermediate demand Consumer Other Gross
Manufacturing | Agriculture | Demand (F) { Demand Output
: (FD*) X)

Manufacturing 150 500 200 50 900
Agriculture 200 100 400 300 1000
Households 300 300 600
Fuel Tax 150 75
Other (VA) 100 25 350
Total 900 1000 600 350

The figures above represent values in R millions. As the SAM is merely an extension of
the Input-Output Table, total expenditure is still equal to total income in the table above.
Thus, like the Input-Output Table, the SAM is always balanced, with all income and

expenditure accounted for.

The only difference really is the inclusion of accounts that are non-industry, e.g.
Households as above. The above Table assumes only one factor and one Household for
simplicity sake, although in reality this will be substantially disaggregated. As illustrated

and discussed under Diagram 1, Household income and expenditure are clearly linked.

Bearing this in mind, the additional column and row can therefore be interpreted as

follows:

=> Household income represents the Rand flows to factors (employees) in the form of
wages and salaries as payment for their labour services, whilst

=> Household expenditure represents the Rand flows from consumers to Industry in the

form of Household purchases of Goods and Services from Industry,

12 Simple SAM example obtained from lecture notes on SAM-based models of Lawrence Edwards
{Department of Economics, UCT). Refer website reference number 7.
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For this reason, we can therefore use the SAM to capture the interaction between

Industries as well as Households.

More specifically, under the SAM value-based model,

=> achange in the exogenous variable

=> will lead to a change in factor incomes due to the increase in output required

= which will lead to a change in Household expenditure

=> which will lead to a change in Industry output levels

with this cycle repeating itself from point 2 until the new output equilibrium level is
attained. The change in the exogenous variable is usually a once-off shock, and in the

case of this study, it is the 10% increase in fuel taxes.

Under the SAM price-based model, this interaction can be viewed as

=> achange in the exogenous variable — in this case a fuel tax increase

=> will lead to an increase in Industry product prices

=> which will lead to an increase in Household expenditure to purchase the same amount
of goods

=> which will lead to a demand by employees for compensatory wage increases

=> which will lead to an increase in Industry product prices as an input cost has
increased

with this cycle repeating itself from point 3 until the new price equilibrium level is

attained.

The only difference between the two types of models is that the direction of the impact of
the exogenous change filtering through the economy reverses from the value-based to the

price-based models.

The point to note however from all of the above is that Households do have an impact on
Industry prices regardless of whether it is the price-based or value-based SAM model.
The original argument put forward earlier for considering Households to be exogenous

was that Households tend to purchase goods for ‘final’ consumption, which is still true.
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However, it is the manner in which Household are able to affect Industry prices, not the
reason for their consumption of goods, that supports the treatment of Households as an

endogenous account instead of an exogenous one.

It is for this reason that ‘closing’ the model with respect to Households is commonly
accepted. Effectively, the Household sector is moved from the exogenous column and
placed instead inside the technically inter-related Table (inverse). Consequently, the
inter-relationships that Households have with each other and the various Industry

accounts that have also been endogenised thus far can now be captured.

Based on all the above, Equation 3 is adapted” to include Household accounts as

reflected below:
Equation 4 = AP = AV’ [I-A]”

The Av’ vector now captures the change in the fuel tax experienced by both Industry and
Household accounts,

AP is still the overall change in price that results from increasing fuel taxes by 10%, with
the added impact of the Household accounts which have now been included into the
model, and ‘

(I-A)" is now an [(n+1) x (n+1)] square matrix which includes both Industry and

Household accounts

More specifically, in the SAM-based model inverse'* there are three general categories
(a) Industries

(b) Factors, and

(c) Households.

13 Refer to Appendix V for details of how this detail is mathematically derived and adapted
' Refer to Appendix V section 1.2 for an interpretation of the SAM-based price model inverse
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The Industry row values reflect the impact on prices in each column arising from a R1
increase in the price of (a) to (c) above. In the full SAM-based model, the full circular
flow effects are incorporated, i.e. the direct price impact on the Industry, the effect this
has on downstream industries and their subsequent effects on the Industry as well, the
impact these price increases have on the expenditure of Households which feeds back

into the cost of labour and thus the price of output.

The Labour row (included as part of the Household income row above) reflects the direct
and indirect impact of a R1 increase in the price of labour on the price of the products.
With regard to the SAM model this includes the Household effects. In the Input-Output
model this only includes the Industry effects.

Finally, the Household row reflects the impact of a Rl increase in the cost of the

consumption bundle per Household on each product price.

By pre-multiplying the Household columns of the SAM Leontief inverse by the price

vector one is in effect now capturing;

(a) the impact on Household expenditure arising from the increase in price of products
and

(b) the impact on Household expenditure arising from the direct fuel cost impact on
expenditure as this is past through the system in the form of higher wages demanded.

Issues surrounding the Households and Government accounts

Any further doubts regarding the inclusion of Households within the set of exogenous
accounts should be eased by Millar& Blair (1985: page 25) pointing out that because of
the direct linkage between earned income and consumption, and between consumption
and output, the Household sector is the one final demand sector that is most often moved

inside the model.

A very real concern however is that the idea of fixed consumption coefficients (i.e.

expenditure pattern of consumers remains unchanged regardless of income level
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category) is not reflective of economic reality; R100 more a month will be spent
differently by a consumer earning R500 a month as opposed to a consumer earning R50
000 per month. As a result, the Household sector has been broken-down into 10 income
categories, with the top decile being further decomposed into 5 categories due to the large
values involved in the top decile group. This is possible because the underlying SAM

database contains this level of detail in its value flows for Households.

Thus deriving fixed consumption coefficients for each of these sub-categories can be
considered more realistic as the expenditure pattern of a consumer within a specific
income group will not be expected to differ significantly from the expenditure pattern of
the rest of their income group. However, it should be noted that whilst this allows for
different consumption patterns to exist, there is still an inherent assumption that income

elasticity is 1. This is an accepted limitation of the model.

Finally, this study has also opted to endogenise the Government sector. The only
exception in this regard is the fuel tax row, which has been retained as an exogenous
account as it is used to introduce the ‘shock’ to the economy in the form of the increased

fuel tax.

Government (excluding the fuel tax line) has therefore been mathematically
‘endogenised’ into the system in the same way as Households were above, below the last
Household row and to the right of the last Household column. However, unlike
Households, Government has been retained as a one row and one column addition to the

model and not decomposed into component departments.

The argument for ‘endogenising’ Government relates again to the issue of trying to get
closer to capturing the full flow of income through the major groups within the economy.
In this regard, Government is involved to an extent in the production process by means of
purchasing inputs from Industry (e.g. expenditure on goods/services by Government in

order to meet defence or health care needs of the country) very much as Households do,
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and influencing Industry production via policy decisions, whilst also earning income, via

taxation, of not only Industry, but also Households via personal income tax"’.

However, assuming fixed expenditure coefficients may seem somewhat unrealistic given
the different spending patterns within the various Government departments. In this
regard, endogenising Government as a single row and single column should effectively
be seen as the coefficients representing a more average expenditure pattern for
Government as a whole. This, it is submitted, compensates somewhat for this assumption.
Another consideration in keeping Government so aggregated is that Government as a
whole eamns income from tax collection, which is pooled and then distributed to the
various Government departments for expenditure in terms of the Budget allocation each

year.

Thus, as each department of Government does not earn it’s own income, disaggregating
the Government sector in the model into departments would not reflect economic reality

either.

Further, and as is the case with Households, an increase in the value of production in one
or more sectors will lead to a change (here an increase) in the amounts earned and spent
by Government as a whole for ‘final’ consumption. In other words, as with Households,
even though Government tend to purchase goods for ‘final’ consumption, the amount of
their purchases is related to their income from taxation, which depends on the value of
outputs of each of the sectors. Once again, it is not the nature of the purchase being made,

but rather the manner in which Government can impact on prices within the economy.

!5 This explanation implicitly assumes that Government in the face of increased costs of consumption will raise
taxes to maintain real expenditure constant. This places further upward pressure on prices in the econormy.

Such an assumption is clearly heroic and is not the underlying reason behind this argument. Government income
and expenditure is explained here in order to understand how Government transacts with Households and
Industry.

Overall the inclusion of Government as an endogenous sector would appear unrealistic. However, as stated, the
aim of this study is to assess as much of the indirect effects generated within the economy, it is considered &
necessary assumption to endogenise Government.
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Consequently, the endogenised accounts within the SAM-based model developed in this

study consist of Industry, Household and Government sectors.

The impact of an increase in fuel taxes is still found simply via an adaptation of
Equations 3 and 4 detailed earlier:

Equation 5 AP =Av’ [I-A]?

However, the only difference in the above equation is that the Av’ and the Inverse vectors
now include the Industry, Household and Government accounts and therefore model not

Jjust the Industry accounts as defined in Equation 3.

1.4 Partial SAM-based Model

This model is an attempt to exempt Households and Government from the direct effects
of the rise in fuel taxes, whilst still capturing the indirect effects of increasing wages in
order to compensate these Factors for the rising costs of living associated with increasing
product prices. This model is essentially a hybrid of the traditional Input-Output and full
SAM-based model, and is still represented by an adaptation of Equation 5:

Equation 6 AP = Av’ [I-A]"

The only difference between this model and the full SAM-based model is that Av’ only

includes changes in fuel taxes for the Industry accounts.

16 Refer to the development of Equation 6.1 in Appendix V
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The reason behind the development of this hybrid model is to provide a more accurate
reflection of Industry price impacts. The Input-Output model does not contain sufficient
interaction with entities outside Industry, whilst the full SAM-based model contains more
linkages than is required in order to isolate the requisite Industry price impacts. Thus, as
this model captures the downstream impacts of Household and Government demanding
higher wages to compensate for the increased Industry prices that they face in the Product
market, this model is seen to provide a middle-ground of results between the other 2

models.

1.5 Common limitations of Input-Output and SAM-based models

Finally, as with the transition from Input-Output Tables, the transition from a SAM
database to a SAM model requires certain assumptions to be made about the nature of
economic relationships. These assumptions have been discussed during the development
of the Input-Output model, and as the SAM-based model is merely an extended version
thereof, it is important at this stage to obtain a more detailed understanding of the

consequences of these assumptions that are equally inherent in both models.
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2. Assumptions made in developing the Input-Output and SAM-based
Models

As Roland-Holst & Sancho (1995:36) points out: “the SAM approach is particularly
useful for analysing price formation and cost transmission mechanisms in economies
with institutional rigidities'’. In these economies factor prices need not conform to the
neoclassical paradigm and are implicitly indexed to commodity prices or cost-of-living
effects. Of course, no real-world economy is purely neoclassical or purely structural, but
by analysing the structural components in isolation, we can gain additional knowledge

about the transmission mechanism for prices and its implications for policy and welfare.”

This statement serves to highlight that despite SAMs being a very powerful instrument
for economic analysis, it certainly is not without its limitations. This is due to the number
of assumptions required in order to develop a SAM-based model. These standard
assumptions are thus very important to consider when drawing conclusions from the
model’s results, as the results obtained provide only a guide to what the final outcome
will be, and may differ somewhat if the underlying assumptions were to be relaxed. The
following is a discussion of some of the standard assumptions - and thus limitations -

required to construct any SAM/Input-Output model:

a) SAMs are essentially modelling a dynamic economy in a static manner. Thus, as
McGrath (1987) points out, at best the SAM is a snapshot of the economy at a
specific point in time only. This inherently assumes that there have been no major
structural changes to the economy between the base year that the SAM purports to
represent and the time when it is actually completed and ready for use as a database.
As Wang & Mullins (1988) points out, this is a valid assumption in the short-run (less

than § years), but not for the long term.

'7 This is the case in South Africa as wage increases do compensate for the full inflation effect
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To illustrate the fact that this specific limitation is not as limiting as it seems, Pyatt &
Round (1985:8) points out that the real value of a SAM is that “more than anything
else, a SAM is a generator of agenda for decisions: about what the facts are, about
the priorities for improved information, and about the repercussions that a particular
course of action might have. In this sense an underlying dynamic for change emerges
from the static matrix of numbers. This in itself is a reason for not worrying too much
about how bad the basic data are since, as Fell and Greenfield point out, either the
SAM will not be used or the process of using it will create the forces for

improvement.”

The latest available South African SAM is the 1997 RAS update'®. The fact that this
SAM is not constructed entirely from raw data clearly exacerbates the above
limitation somewhat. However, this SAM is the latest database available.
Furthermore, because all economic agents (particularly households) with the
exception of Industry have been constructed from the latest available raw data, the
1997 SAM can still serve to provide realistic insights of the effects of rising fuel
taxes. For the purposes of this Thesis, this model has therefore been considered

adequate.

Roukens De Lange (1989b: 22) supports this latter point when he says: “...[t certainly
remains good for illustrative purposes and for developing applications while awaiting
improved data input at a later stage...” Whilst Roukens De Lange was referring to an
earlier SAM database for South Africa, his words nevertheless still hold true for the
version used in this particular study.

18 Refer Appendix II for more details of RAS update techniques
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b) The standard Leontief assumption of linear fixed relationships is assumed.

A SAM can only be used as a model if it is assumed that all its behavioural
relationships contain constant marginal and average propensities or coefficients. This
is a reasonable assumption to make when modelling the effects of small shifts in the
direction of economic policy, and the result will most probably have negligible
effects on the structure of production, factor payments and the distribution of

household incomes.

More substantial policy changes will however start to affect factor prices, production
techniques, patterns of demand, propensities to invest and import, etc. and will
require a fully articulated general equilibrium model with production functions,
demand functions for goods and factors, market clearing procedures investment

functions, etc, to model the behavioural relationships in the economy.

This latter scenario is not the case here. It is the effect of a minor shock that is being
modelled, with a view towards assessing its impact on the current structure of the
economy. In addition, there is no shift in policy designed to achieve any of the
changes mentioned above. In this regard, the standard Leontief assumptions are

reasonable.

With regard to a SAM-based price model, one of the main assumptions is that prices
are responsive to costs, but not to activity levels, i.e. fixed quantity, but flexi-price
model. Per Roland-Holst & Sancho (1995), the justifying assumption here is
generalised homogeneity and fixed coefficients in activities. (See Consequences of

fixed production coefficients below)
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¢) Due also to their use of fixed linear relationships, SAMs do not allow for
substitution'® of items when quantities and/or relative costs change of items currently

being used. Clearly, this may result in the final effects being overstated to a degree.

This is a common problem with all general equilibrium models. The only way of
overcoming it is to develop a computer-generated general equilibrium model (CGE)
that is capable of relaxing the Leontief fixed co-efficient assumption that is the root
cause of the problem. However, CGE models also have their own problems, and
whilst such a model may provide a slightly better indication of the final effects, the
standard SAM-based model is still considered sufficient for this study.

d) A note of caution relevant to this particular study needs to be made. What is reported
in the SAM as fuel tax is the revenue collected on fuel tax. Certain rebate systems
may already be in place and, as a result, the data in the SAM may not reflect what is
supposed to be paid by industries, households and other institutions. A 10% increase
in the fuel levies as collected by the revenue service may therefore bias price

increases downwards for those industries that have some sort of special deal.

Of course, it is very difficult to determine what each industry and household should
be paying as this depends on the usage of the various forms of fuel, and that data is

typically not available in a ready format. Hence the note of caution.

2.1 Consequences of fixed production coefficients

Wiese et al (1995) and Labandeira & Labeaga (1999) both highlight the fact that in
Input-Output and SAM models, with their inherent assumptions of fixed production
coefficients and fixed consumption shares, the tax is entirely shifted forward, with the
price rise proportional to total (direct and indirect) energy use. Labandeira & Labeaga

(1999:311) goes on to say that this is “a very strong and unlikely premise in that it does

1% This is the normal issue of economic substitution — when the price of a price-sensitive product rises, but the price of
its substitute does not, the substitute becomes relatively cheaper, and therefore under normal circumstances the
substitute product would be used in production/consumption instead. This is not possible under the models utilised in
this study as the inherent assumption is that even if such a price situation existed, no such substitution could occur
under these models.
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not allow for effects such as changes in factor prices and pre-tax prices of goods.
Moreover, it is assumed that no substitution takes place in production following the

introduction of the carbon tax, which is obviously related to the incidence presumption.”

Labandeira & Labeaga (1999) thus concludes, much like Wang & Mullins (1988) as
above, that the results of such models should only be taken as a short-term approximation
to the impact of taxes on inputs. Wiese et al (1995) supports this by saying that although
such models may yield a great deal of insight, considerations of tax incidence are limited
by the simplifying assumptions that allow for only very limited supply-demand

interactions.

Due consideration must however also be given to the fact that despite the aforementioned
criticisms of the Input-Output model, Labandeira & Labeaga (1999) still considered the
Input-Output model to be valuable enough to be employed in his study into carbon tax

incidence.

Wiese et al (1995) on the other hand went on to utilise a CGE?® model. This however was
mainly because Wiese et al (1995) also intended to investigate the effects of subsequent
expenditure by government of the extra fuel tax revenue. As this can affect the existing
income distribution structure, as well as also influencing input choices even more, the
inability of Input-Output and SAM models to capture substitution effects rendered them

inadequate in such a scenario.

However like Labandeira & Labeaga (1999) with his Input-Output model, a SAM-based
model, despite its limitations is sufficient for the purposes of this study.

In a way, Roukens de Lange (1989b: 22) supports this when he says that despite its

(1]

limitations, “... a SAM based model of the economy is still very valuable as a link

2 Computer generated equilibrium model. Refer section 1.5 below for further details on CGE’s
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providing quantitative information in the process of evaluating economic and fiscal

policies.”

Finally, King (1985) highlights some important considerations to bear in mind in SAM-
related studies:

“Clearly no SAM can ever be constructed to answer questions except in the broadest
sense. Specialists in any particular subject may have a much better idea of specific
consequences, based on their accumulation of intimate knowledge, than a SAM alone
could provide. But no one since Thomas Jefferson and his contemporaries can be a
specialist in everything. A SAM can be used to bring out what is likely to be important in
any given context and, therefore, to order the consultation of specialist knowledge to the
occasion... The great advantage of a SAM is that one can select for any occasion those

parts of it to be aggregated and those parts where detail is to be preserved.”
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3. CGE (Computer Generated Egquilibrium) Models

Unlike SAM-based and Input-Output models, CGEs allow for price and quantity to be
able to simultaneously fluctuate. As a result, far less restrictive constraints need to be

placed on the type of scenario being modelled.

Wiese et al (1995) highlights the fact that computer generated equilibrium models have a
long history in tax incidence analysis. He goes on to state that these models overcome
many of the limitations of Input-Output and SAM-based analysis by allowing for
producer input and consumption expenditure substitutions, requiring fewer restrictions on
elasticities, allowing for non-linearities, and explicitly modelling supply-demand
interactions. Such models are therefore able to analyse the backward shifting of a tax on
factors of production, as well as subsequent effects through the alteration of input

combinations and the mix of final output.

However, whilst these types of models are useful because of their flexibility, CGEs are
extremely expensive to develop both in terms of price and time. For the purposes of this
study, it is therefore felt that the cost necessary to create such a model far outweighs the
benefits that it could potentially provide.
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CHAPTER 3
Analysis: Industry

Introduction

As has been mentioned, fuel taxes are an easy means of raising extra revenue without the
administrative and collection hassles and costs that are usually associated with other such
fiscal earners. In a Time magazine article Joffe (2000:32) points out:

“A gasoline tax that rises with the cost of the product is a wonderful way to make money
Jfor the powers that be. Demand for fuel is inelastic in the short-run, so Governments cash
in... Rising energy prices are a wondrous windfall for the state; no need to fight nasty

battles in Parliament in order to raise direct taxes on income or investments...”

However, there is a cost attached to this easy collection that extends beyond the direct
effect of everyone just paying more at the filling station. Fuel taxes are an indirect tax,
and thus have important and far-reaching consequences. For this reason, the levying of

fuel taxes for whatever purpose should not be done in a vacuum.

This chapter therefore aims to assess as much of these consequences as possible for South
African industries. Use is made of the direct effects model, as well as Input-Output and
SAM-based models, with the results obtained from each of the models being compared
against each other in order to highlight the impact on overall price increases attributable

to the differences underlying each of the models.

A sectoral impacts analysis is then performed in order to ascertain which sectors are most
affected by the fuel tax increase. Each individual sector’s price impact is specifically
analysed in terms of the role that all Industry sectors play in contributing to its price
impact. Again, this is done under each model, and is used to provide further insight into
the downstream multiplier role that certain sectors play when different economic linkages

are accounted for.
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1. Measuring the Costs Associated with Increasing Fuel Taxes

The following extract from a Fleming Martin Research Report (2000:3) highlights the
effect that increasing oil and fuel prices have on PPI and CPI(x) or headline CPIL:

“An analysis of the breakdown of ppi and cpi(x) inflation shows that the upward trend in
consumer inflation, as well as the disparity between the different measures of consumer
inflation, relate primarily to the influence of a number of ad hoc events including the hike
in international oil prices. If fuel is excluded from the cpi(x) then the rate falls from its
current level of 8,0% year-on-year in July 2000 to 7,1% year-on-year. Similarly, if oil (as
opposed to the effects of an increase in fuel taxes by 10%) is excluded from ppi inflation,
the rate falls from 8.6% year-on-year in July 2000 to around 5.8% year-on-year. The
remaining components of cpi(x) and ppi remain relatively subdued, rising in most cases

at less than 6% year-on-year.

It is clear that the outlook for the international oil prices is extremely important in
determining the outcome for both consumer and producer inflation, especially, if the

inflation target range is to be achieved by 2002.”

One problem with the above report is that an increase in fuel taxes has a once-off effect
on prices, not an inflationary effect in the true sense i.e. recurring price increases.
Further, this report has looked at what constitutes the PPI and CPI(X). The PPI and
CPI(X) measure the price changes of a bundle of goods, each of which are weighted
according to their level of consumption or use in production. The fuel price is treated as
one of the goods included in the bundle. The problem with this method of calculating the
PPI and CPI is that it assesses the direct effects of fuel price rises, whilst ignoring the
indirect effect that the price of fuel has on the other bundles. Thus the reduction in
CPI(X) by 9 percentage points (to 7.1%) when fuel is excluded is probably an
underestimation of the true impact the rising fuel price has had on CPI(X) and PPL This
study on the other hand aims to be able to least capture and quantify these indirect

effects.



The specific question being posed in this section is what are the implications for PPI
figures attached solely to the increase in fuel taxes as opposed to the overall oil/fuel price
increases evaluated above? In an attempt to answer this question, this study, inter alia,
simulates the effect that a once-off 10% rise in fuel taxes will have on PPI figures.
Different types of models — each of which were discussed in the methodology chapter -

are used in order to achieve as accurate a result as possible.

Furthermore, this attempt at estimating the total effects impact arising from an increase in
fuel taxes is also considered valuable to Government. It provides an indication of the
extent to which future Government policy decisions aimed at increasing fuel taxes will in
fact impact on Government’s ability to ultimately achieve its inflation target range of

under 6%.

In order to balance out this cost-side analysis of raising fuel taxes, it is important to first
note the value of the fuel tax (which, in the Graphs below, includes the Equalisation
Fund®' and Road Accid@nt Fund contribution, as well as the Customs and Excise

charges®®) as a revenue geﬁerator for Government.

The graph below provides a time line analysis of the real revenue (in terms of the 2000
year values) generated for Government via the fuel tax. It should be noted however, that
the increase in fuel tax revenue in this graph is due to a combination of both rising fuel
taxes over time, as well as the increase in the number of vehicles and vehicle owners,

who as a result, increase the demand®® for fuel as well.

As has been noted and calculated in Appendix I, fuel is price inelastic. This means that
overall, a rise in fuel tax will result in a rise in revenue as the percentage change in fuel

consumption will be less than the percentage change in the fuel price.

%! The Equalisation Fund was removed in 2000.

2 These components add 16.5¢ per litre to the fixed fuel tax for petrol in 1989, and 22,3 ¢ per litre for diesel, when the
fixed fuel tax price was 86,6¢ per litre and 76.1¢ per litre for diesel. In this study, only the customs and excise charge of
4¢ per litre for diesel and for petrol should be excluded from the fuel tax. Refer to Appendix I for more details on these
price elements.

2 Refer to Appendix I for sales volumes of fuel over time as well as the calculations supporting the price inelasticity of
fuel

45



i g

G PR & QUi a0ade |2l SRR I3 080 -

(21ead aar 1smd 21 1040 I0RIAMISE ANUSAM E 5T a3
[any ) uo paoe)d SRy IIOWLTIAAGTY (1Y) 2AURLA1 pasraldul 21 sjuasaadal wsaq sdequad g
ydrasy e uy "soxR] {SUWHITUT URY) 0] SHURNIOT) PUR "XE) S|RNPIALPI] 3¢ SUOLID ] 2]P
|[B4340 1828I8] g PUR LA JAYR IDIRIDNDE ONUSASL (3214135 PUB SPOOT) XEY dUs3UOP
1$9EIE] PUOGIAS YL LUDIG SIPAS QYL JDAQ ATMIDSISUOD SBI )T ° JUDLNDOR MATADY 1aipng

S_ANSITTA D0UBLL] TONT 241 I "3311] 0s)R St paieual anuaaal syl SUual njosge uj

Qo 10 TRadA
3L} 0] UONE]ILT PRI3XD 3¢ PIILOM ISBAIDUT ST ISISM pUe "Aq 200l (o] [[r1aan 911 o8
2AUIT PUE “AAR] [N] 2Y] ISHINIL 07 2| F PIO0A TUSULLLDAG T Y2 A0 A SUIITLIINSP
w ajod v Arpd 05|12 (81824 ZOOZ-000T 241 U1 8+0) sepds oaud o se ans s102) |ELUEIKa
‘aaud Py (1A N Jo (Enodine Juo Aun 51 AA3] [BN] AU 5 "AA2| [aN] 3y WOl pasiTl

ONOIATL (F21 W PUs] FUSToioul | RDA0 UR |18 S 2191 ORI 0T PMEn [P UM 104
1 Lp . LY Mol I [0 .

=g N |
| Jdew ) [0 4
[E%] -3 L — L P N T — i — — - - — —
o c o L) L) EEV L) L) o [Za] ) (2] w0 Ly L]
= = o =) ) fo o el o jr=3 7= i=) a o )
= & @& © = & oW B B o 2D i = W
Foi ] fch i &= T Sy i 'y F = i e i izl
= = ek = 2=} fa) [1=3 ji=} ji=} =} i=} i=} j#a) =} i=}
= [ = =) =] m (7= =] =] =) =) ) £ rc =]
ra = =1 = a =l [} wn = o o5 — = = oo

Oo0C e
DG’y
[y
DR
oog L
- NDEL
- ONoDFEL
- ONoEL
nnotgl

Lol o

SAN[EA PUEY (00¢ 129, Jo SWIsL ]
JUSIUSAGS Ag pasiey anuandy AT [2ngj

1°g yduary



Giraph 3.2

Fuel Levy Revenue as a Percentage of Gross Revenue

Percentages
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Moreover, SARS has been striving in recent years to become more efficient in its tax
collection methods, and this has resulted in greater fiscal revenue being collected. This
was noted in Parliament by Finance Minister Manuel, who as a result has been able to
reduce personal income tax rates in his 2001 and 2002 Budget speeches. Despite these
additional rate reductions, personal income tax has continued to grow as a contributor to
the fiscal revenue coffers, and is still almost double that of the second largest fiscal
generator — VAT. Thus the tax collection methods of SARS can be seen to be highly

improved and effective, resulting in greater fiscal income from this sector.

Consequently, a combination of all the above factors has lead to the fuel levies
contribution to gross revenue diminishing in percentage térms. However, as per Graph
3.1, the absolute collection amounts in real terms have, in general, continued to increase
over time, albeit in ebbs and troughs on an annual basis. Overall therefore, the fuel levy
provides Government with quite a substantial amount of income, and is thus an important

revenue-generating tool for Government.

Having established the importance to Government of the revenue generated by fuel taxes,
the focus now returns to the question of what is a fair estimate of the associated cost in
terms of price impacts experienced throughout the economy? More specifically, and as
was mentioned earlier in this section, is the traditional method of including only direct

effects in PPI a fair reflection of the full cost attached to an increase in fuel taxes?
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2. Methodology

2.1  Direct Effects

The direct effects, as discussed in chapter 2, is a measure that compares the additional
amount that a motorist (or any other economic group) will have to pay for fuel after the
increase in fuel taxes, relative to their total expenditure on all items before the fuel tax
increase. Recall from Equation 1 that these effects were calculated for each of the

endogenous accounts as follows:

where
F = Total fuel tax paid by the specific Industry to Government
E

Total expenditure by the specific Industry (before the 10% fuel tax increase)
on all Industry purchases

AE = Percentage increase required in E as a result of the 10% rise in fuel taxes

In essence, this is the extra amount that each Industry will have to pay to maintain their

direct purchases of fuel at the same level as before the fuel tax increase.

2.2  Direct and Indirect Effects
Recall also from Chapter 2 that the overall (direct and indirect) effect of the 10% increase

in fuel tax on each endogenous account is calculated as follows per Equation 3:
AP = (AV’) (I-A)™!
where

Av’= row vector of the change in the fuel tax (10% of the value in the original fuel tax

line in the SAM) across all endogenous accounts.

49




AP/P is then calculated in order to convert the results into percentages, where P

represents the total expenditure of the relevant Industry before the fuel tax increase.

With regard to Industry, the focus is on attempting to calculate the impact on PPI figures
when the indirect effects of a rise in fuel tax were included. The overall effects are
calculated in 3 different ways in an attempt to simultaneously assess the extent of
influence that certain components of the economy has on Industry PPI figures. All 3
utilised the above equation, with the elements of v’ changing, whilst the make-up of thel

‘A’ matrix in (I-A)" also differs between the models.

Input-Output Model

The row vector Av’ and the ‘A’ matrix under this scenario consists solely of Industry
accounts. As Government and Household groups are completely excluded from the ‘A’
matrix, the indirect effects impacting on Industry prices do not include any effects caused

by interactions between Industry and the aforementioned groups.

The results obtained from this model therefore reflect only the impacts arising from
Industry transactions with each other. That is, purchases of inputs from other Industries
and sales of final products to other Industries as input into their production process, with
all surplus going to an exogenous stand-alone grouping known as Final Demand. This
exogenous grouping plays no role in influencing the price impact multiplication within
the Industry accounts, and is therefore the way in which a shock to the economy is

usually introduced into this model.

Partial SAM-based model
Under this scenario, there is a move towards including the effects on PPI that arise

because of wage interaction between Industry and the Household and Government

groups.

Households and Government are effectively deemed to be exempted from the direct

effects of the rise in fuel taxes. Simply put, the direct effects and associated downstream
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effects arising from the increased direct expenditure of Households and Government on
fuel are excluded. However, the indirect effects (the impact on expenditure arising from
increased product prices) that Households and Government pass on to Industry through

increased wages are still included.

In order to achieve the direct effects exemption accorded to Households and Government,
the row vector Av’ does not include any changes in the fuel tax for these two entities’

accounts,

As a result, only the Industry accounts are retained under (I-A)"'. The influence of
Household and Government wage interaction with Industry is now captured, whilst the
transmission of the direct effects suffered by these groups through this wage interaction is

effectively excluded.

Full SAM-based Model
The ‘A’ matrix in this model includes all the endogenous accounts, i.e. Industry,
Households and Government, thereby capturing not only the interactions between each of

these groups, but also the effects of each of these groups interacting with themselves.

Under this model, the row vector Av’ now includes any changes in the fuel tax experience
by the Household and Government accounts. As a result, the direct effects suffered by
these two groups are now also captured, along with the associated downstream effects of

this additional impact being passed onto Industry via higher wage demands.
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Consequently, the effects that arise from

a.

c.

Industry transactions with each other,
wage payments to employees as compensation for work performed during the
production process,

payments to Government in the form of taxes,

as well as the resulting loop of effects that arise as

d.

€.

f.

8.

Households purchase goods and services and

transfer the price impacts that they suffer onto Industry via demands for higher
wages to compensate for the potential loss in their real wages,

whilst Government also purchases Industry goods and services and

receive income from Industry via taxes, VAT and other such duties

all contribute to the overall price effects within the economy, and are all captured under

this model.

In addition, the following loops:

a.

Households transacting with each other and Government through income taxes
payments and the receipt of subsidies and rebates,

as well as payments to Household employees and by default therefore to other
Households,

as well as Government departments transacting with each other much as separate

divisions of the same companies could be expected to

are also all captured under this model.
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3. PPI — Capturing Industry Direct vs. Overall (Direct & Indirect)
Effects

3.1  Assessing the Overall PPI Impact

In Chapter 2, the deficiencies with regard to measuring only the direct effects of a rise in
fuel taxes were discussed. Recall that an increase in prices in one industry — in this case
fuel taxes — affects the prices not only in that sector, but also all the other sectors that buy

from and ultimately sell to it as well.

As has been mentioned, the method/model to be employed for evaluating this total effect
of a rise in fuel taxes is not clear-cut, and to counter this problem, three slightly differing
models have been employed. Clearly, an inherent advantage of this approach is that it
allows for an assessment of the effects of including/excluding certain economic groups27

under the same modelling scenario.

In this regard, the table below provides a summary of the estimated impact on overall
PPI?® attributable to the direct effects of the fuel tax increase as against the differing

overall effects.

Table 3.1
Overall PPI Impacts per Model
Medel Overall increase in PPI figures
Direct Effects 0.05%
Input-Output Model 0.09%
Partial SAM-based Model 0.20%
Full SAM-based Model 0.46%

7 Refer Chapter 2 for detailed discussions on calculation of ‘A’ Matrix and (I-A)"' matrices under each model.

28 PPL is calculated according to each Indusiry’s share of total Industry production. That is, an Industry’s total output is
weighted in terms of its proportional share of total Industry output per the SAM database. In this context, PPI should be
interpreted as Product Price Index, as Gross Operating Surplus and wages have been excluded from the weightings to
ensure consistency of the Index across all models.
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As is to be expected, the overall effects — which include the direct effects - are much

greater than the direct effects alone. What is interesting however is the vast magnitude of

this difference, which at the extreme, differs by up to a multiple of almost 10. This

difference can be explained by two underlying impacts:

e Firstly, the magnitude of the downstream impacts arising from the fuel tax increase
which the direct effects fail to capture, and

e more specifically with regard to the models capturing the indirect effects, the
differences in the assessment of the indirect effect impact that is a consequence of the

inclusion/exclusion of certain economic groups under the different models.

Input-Output Model

Under the Input-Output model, wherein the direct effects and only the indirect effects of
Industry interactions with each other are captured, the effect on PPI is double that of the
direct effects alone. This means that the magnitude of indirect effect generated by
Industry interactions with each other is as large as the direct effects that Industry suffers.
This is now the first concrete indication that the true magnitude of the indirect effects is

at least as substantial as the direct effects.

Partial SAM-based Model

The result of 0.20% is significantly different from the direct effects figure, as well as the
Input-Output figure, which is an indication that the effect of Industry interactions with
Household and Government can also have quite a substantial impact on PPI. The PPI
effect is more than double that of the Input-Output model effect (which includes the
direct effects as well), serving to highlight the growing magnitude of the indirect effects

as more economic linkages are accounted for.

This result can best be interpreted as the scenario wherein employees are only being
compensated for the indirect effects arising from increasing industry prices. That is, the
rise in Industry prices cause wages to rise in order to maintain real wages. This now in
tum has an impact on the production cost of goods and services, and sets off another

round of indirect effects.

54



This model does not cater for the price impact arising from the direct and associated
downstream indirect effects that employees suffer when they consume fuel directly. As
employees are not being compensated for this cost under this model, they will therefore

still experience a real wage decline overall.

Full SAM-based model

Unlike the Partial SAM-based model, the full SAM-model includes the full impact of
Industry, Household and Government interaction with and amongst each other, and not
merely Industry and its interaction with Government and Households. More specifically,
the direct and associated indirect effects that Households and Government suffer are now

also captured under this model.

Under this full SAM-based model, the inclusion of the Household and Government direct
effects as well as the two additional linkages that are captured extend the loop through
which the indirect effects generated under this model have to flow, and therefore help to
magnify the downstream impact of these effects, resulting in the larger PPI result.
Consequently, the impact on PPI of 0.46% is once again more than double that
experienced under the Partial SAM-based model.

In this scenario, complete wage increases have occurred to maintain the real wage of
employees. The direct effects suffered by Industry are captured, the indirect effects on
wages and Industry prices as a result of wage increase demands by employees to maintain
real wage purchasing power are captured, along with the initial and downstream effects
of Household and Government transferring their direct costs incurred onto Industry prices

in the form of demands for higher wages.

Once again, the indirect effects arising from the capturing of additional linkages has
resulted in a doubling of the PPI impact, illustrating yet again, that the direct effect
magnitude is not a fair proxy for the magnitude of the overall effect arising from an

increase in fuel taxes.
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3.2  Conclusion
The results serve to highlight the differing magnitude of indirect effects that can
potentially be generated depending on the economic linkages that are chosen to be

captured within a model.

Moreover, because the Input-Output model fails to capture the impact that increased
wage costs are likely to have on product prices, the results produced by this model are
seen to be a severe underestimate of the true overall impact that can be expected when

such costs are included under differing assumptions.

In this regard, the Input-Output result of 0.09% is woefully inadequate against the Partial
SAM-based model result of 0.20%. The difference between the two figures is simply that
the latter figure now captures the price impact of wage increases demanded to retain
product price purchasing power. This is a clear indication that the Input-Output model on
its own is not necessarily the strongest model available for providing the best indication

of the true impact on Industry arising from an economic shock.

Moreover, the magnitude of the indirect effects being generated under each of the SAM-
based models also differs substantially. This can be attributed in part to the differing
manner in which the wage cost impact is captured, along with the inclusion of additional

economic linkages as discussed earlier.

With regard to the wage cost impact, there are two aspects that need to be considered:

(1) The fuel tax raises industry prices, which reduce the real wage, and raises the cost of
living for Households. These effects are passed through the system in both models,
however,

(2) real Household income may/may not be affected because Households consume fuel
and may/may not be able to pass this increased cost onto producers in the form of
higher wages.

The way in which the second aspect is dealt with depends on the modeller.
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In the Partial SAM-based model, it is submitted - and therefore modelled — that the
impact arising from the second effect probably would not be passed onto Industry. This
then would appear to be similar to the Input-Output model, the difference being however
that the Partial SAM-based model still captures the indirect effects that changes in
producer prices have on real wages and real Household income and the transfer of these

back into the system.

In the full SAM-based model however, the transfer of the direct increase in the cost of
Household consumption (due to fuel price increases) onto wage increases and thus
product price increases is captured in order to obtain the complete picture of the impact

on the economy from a rise in fuel taxes.

It should however be noted that these two simulations (Partial SAM-based and full SAM-
based) differ substantially in terms of their economic intuition. In both cases product
price increases result in compensatory increases in nominal wages and thus nominal
Household income. In the former case, Households who suffer reduced real incomes
because they consume fuel directly do NOT demand increased wages as compensation.
In the second case (full SAM-based) they DO.

It is important to establish this difference directly as it involves important assumptions
regarding the way in which factors demand wage increases. The Partial SAM-based
model best reflects the existing wage bargaining scenario in South Africa to maintain real
wages. The latter may be more difficult to justify, but is nevertheless presented in order

to understand the full flow-through implications of a rise in fuel taxes.
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Consequently, as the aim of this chapter is to assess the impact on PPI of a 10% rise in
fuel taxes, it is considered that, due to its ability to capture all relevant Industry-related
relationships (including those with Households and Government) whilst excluding the
direct effects and the associated downstream effects suffered by Household and
Government, the Partial SAM-based model provides the most realistic measure of the
impact of a rise in fuel taxes on PPI, with the real result lying somewhere between the

Partial and full SAM-based models results.
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4. Direct and Indirect Effects on a Sectoral Basis

Having analysed on an overall basis the differing impact that the indirect effects could

have on PPI, the next step involves assessing the impact of the indirect effects on the

various sectors that make up Industry. The purpose behind this is two-fold:

o To ascertain which sector is impacted upon the most — under each model — by the rise
in fuel taxes, and

e To enable the identification of the influential drivers behind the impact suffered by

each sector under each of the models.

It is believed that the above information will permit a more informed scenario analysis to
be performed later on as the modelling will be performed based on the results of the

findings above as opposed to arbitrary situations.

It is also important to be aware of the sectoral classifications used, and the basis on which
these classifications were made, in order to fully appreciate the results produced. This

crucial information is therefore presented in the Table below:

Table 3.2
Sectoral Classifications
Sectors Industries included in the sector ISIC Codes
1. Agriculture Agriculture 11-13
Gold Mining 23
2. Mining Coal Mining 21
Other 22,24,25,29
Food 301-304
3. Agricultural Resource Beverage 305
Intensive Tobacco 306
Leather 316
Paper 323
Coke & Refined Petroleum Products 331-333
4, Mineral Resource Intensive Non-metallic Minerals 342
Basic Non-ferrous Metals 352
Textiles 311-312
Wearing Apparel 313-313
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Footwear 317
Wood & Wood Products 321-322
Furniture 391

5. Unskilled Labour Intensive Plastic Products 138
Glass & Glass Products 341
Other Transport Equipment 384-387
Other Industries 392
Building Construction 51
Civil Engineering & Other Construction | 52-53
Basic Chemicals 334
Other Chemicals & Man-made Fibres 335-336
Metal Products excl. Machinery 353-355
Machinery & Equipment 356-359
Electrical Machinery 361-366

6. Knowledge Intensive Professional & Scientific Equipment 374-376
Printing, Publishing & Recorded Media 324-326
Rubber Products 337
Basic Iron & Steel 351
TV, Radio & other Communication | 371-373
Equipment
Motor Vehicles, parts and accessories 381-383
Wholesale & Retail Trade 61-62
Catering & Accommodation Services 63
Transport & Storage 71
Communication 72

' Finance & Insurance 81-82

7. Services Business Services 83
Medical, Dental & Other Health & 93
Vet Services
Other Community, Social & Personal | 97-98
Services
Other Producers 99

8. Utilities Electricity, Gas & Steam 41
Water Supply 42

The sectoral groupings selected are based on the ISIC (Production) Krause Classification
of Manufactures (Tsikata®, 1999). The Knowledge Intensive sector is however a
combination of the Technology Intensive and Human Capital Intensive groupings

proposed by the said ISIC system.

Services, Mining, Agriculture and Utilities are additional sectoral groupings that are used.

Standard groupings were made with regard to the remaining available industries.

%% This classification system was obtained from Annex 3
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4.1 Brief Analvsis by Sector
In a simitar manncr as the overall impact on PPl Graph 3.3 below illustrates the
magnitude of the overall effects suffered by each sector under each of the three models,

in comparisan o the dircet eftects:

Graph 3.3
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From an overall viewpoint, Graph 3.3 is useful in terms of providing some initial insight
into highlighting the influential sectoral drivers behind the overall price impact produced
under each model, as well as the price impact suffered by each sector as a result of the

increase in fuel taxes.

It is important however to recall, with regard to the indirect effects, that each sector not
only consumes fuel directly (direct effects), but also transacts with the other sectors in the
economy. The first sector is therefore influenced by the costs incurred and passed on by
other sectors as well. This then is how the indirect effects suffered by a particular sector

can arise from interactions with other sectors.

Going further, each sector relies in differing degrees on the other sectors within the
economy for both inputs for their products and as markets for their output. The overall
effect suffered by any particular sector reflects the final result of this input-output
reliance on other industries. As each sector relies on other sectors in differing degrees, so
the indirect effects will differ across sectors, and it is assumed, not relate to the direct

effects that a sector itself suffers.

Finally, as has been shown already, the inclusion of different economic linkages under a
model designed to capture the overall price impact of a shock to the economy can also

have significant implications on the magnitude of the indirect effects that it generates.

Bearing all this in mind, the information produced by Graph 3.3 is clearly not detailed
enough for a detailed analysis to be performed on the overall price impact suffered by
each sector under each of the 3 models. As a result, the price impact effects of each sector
as reflected in Graph 3.3 have been decomposed into the elements that make-up their

price impact.

62



4.2 Detailed Analvsis of Make-up of Sectors Ilmpacts

This section is therelore aimed at analysing the main contributors to a particular sector’™s
averall price impact, This will help to not only understand the influential drivers behind a
sector’s price imipact, but also identify the seclors Lhat have the stromgest impacts on
downstream price increases. The Graphs to be presented in each section below illustrate

the results of this decomposition exercise.

Input-Output Model

Graph 3.4
Input-Qutput Price impact Results For a 10% Rise |n Fuel Taxes
<
0605 g Liliities
£.50% B Seraces
a
L]
oy L=
E Da0% B Enpwladgs -
= IRERrS e
i
l::; 0.30%: B Unskilled
Eu Lobour
= Irlaris e
E 0,200 B Mineral
E Hésgurce
; Intensive
(LT 0% ; O Agricultursl
% Rosaurce
i - Intens.wa
£ 001% ; B Mirting
= 2l R w & ol oo, i e
= RS @ =F TE B g z
Z = e Elp  Em bad o z O Agriculiure
i o2 == == = 4 Ul
& A= n - Ciie ;
z i
Indusiry Sactars

Recall that when divect elfects were considered, the avneullural seclor suflered the
vreatest direct cficet, [ollowed by the mining, mineral resource intensive then services
sectors. From the above Input-Output graph, it 1s cilear thal apricalture 1s still the most
alfected sector, followed this time however by mineral resource intensive and then the
mining scctor, The unskilled labour intensive and services sectors are Lhe next seclors Lo

suffer large impacts.



An obvious effect of incorporating the Industry indirect effects is that the sectors
identified as being the most affected have changed positions.

From Graph 3.4 above, the intra-industry effects are clearly the most dominant influence
in the overall price impact suffered by any sector under the Input-Output model. Before
continuing however, it is important at this point to reiterate the general idea - as discussed
in Chapter 2 - behind the expectation of large intra-industry effects. Recall the following

example of [I-A]as calculated:

Table 3.3
Illustrative Example of an Input-Output model Inverse
Manufacturing Agriculture
Manufacturing 1.41 0.78
Agriculture 0.35 1.30

Remember that the rows above represent the impact of a R1 increase in prices for a
particular industry - in this case brought about by a rise in fuel taxes. Reading across the
row, a Rl increase in agriculture will result in the total price of agriculture rising by
R1.30 and that of manufacturing by R0.35. The R1 in the R1.30 for agriculture is due to
the direct effects of the tax increase. The R0.30 is due to the rising cost of all inputs used
in the production of agriculture. The R1.30 therefore captures the total direct and indirect
effects on agriculture arising from an initial R1 increase in the price of agriculture.

Under this model, it is only the downstream impacts arising from the inter-industry
purchases and sales that account for the difference in magnitude of PPI figures between

the direct effects results and the results of this model.

In this regard, a good example is the agricultural resource intensive sector which — recall
—failed to suffer much direct effects of its own. The drivers behind this sector’s price
impact under the Input-Output model are the agricultural sector and the services sector.

The influence of the agricultural sector is to be expected, for as the agricultural resource

64



intensive sector’s name would suggest, there is a strong link between the two sectors.
That is, the agricultural resource sector relies heavily on the agricultural sector for the
majority of its inputs. This is more obvious when one considers that industries such as

food are included in the agricultural resource intensive sector.

Regarding the food industry, it is interesting to note the difference in ranking of the food
industry in terms of price impact suffered. Under the direct effects model, the food
industry was barely affected (3™ last)®, yet, as the inter-industry effects are captured,
food now becomes the 10" most affected industry. This clearly is the one of the main
reasons behind why the agricultural resource intensive sector has now suffered a much
larger impact than under the direct effects model. Effectively, the food industry appears
to be more influenced indirectly than directly through a fuel tax rise, illustrating the
importance yet again of capturing as much of the indirect effects as possible before

drawing any conclusions.

The influence of the services sector is also interesting. Not only does the services sector
exert a fair influence over price impacts suffered by the agricultural resource intensive
sector, but it does so relatively consistently over all the other sectors as well. In fact, the
services sector is second only to the intra-industry effects (again except for the
agricultural resource intensive sector). The extent of influence of this sector over the
mineral resource intensive sector is the reason why the latter sector is more affected than
the mining sector under the Input-Output model than was the case under the direct effects
model. In fact, aside from its own direct effect, the services sector impacts on the mineral
resource intensive sector the most, followed by the agricultural resource intensive sector.
This again is the reason behind why this latter sector has swopped places with the

services sector itself when compared to the direct effects results.

%0 Refer to Appendix III for a ranking of Industries under each model in order of the price impact suffered under each
model.
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The main industey driver behind the services sector 15 the transport industry, which is
consistent with the direct ellects model. However, because the mter-imnduostry linkagres are
captured under the Input-Output model, the ranspont industry’s link with the lood
industry can now be clearly seen, This is reflected not only by the increase in relative
price impact suffered by the food industry under the Inpul-Output maodel, bul also by the
increased indluence of the services sector over the agricultural resource intensive sector

when the mdirect effects are captured.
Thus, the Input-Output model has belped o provide proof of she long accepled belief that
transport costs and lood prces are bnked, illustratmg vet again the mportance ol

accounting for indirget cffects alongside the divect effects.

Partial SAM-based Model

Graph 3.5
Partial 3AM-based Model Price Impact Results For a 10% Rise in Fuel Taxes
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changes/shocks to the economy (Casler & Rafiqui (1993), Labandeira & Labeaga (1999)
and Gale (1995)). Consequently, it is viewed as a valuable exercise just in itself to
compare the influential sectors reflected under this model to those obtained under the

Partial SAM-based model.

As illustrated in Graph 3.5, the obvious result of including the Industry linkages with
employees is quite clearly the increased influence of the services sector over the other
sectors. More specifically, the influence of the services sector is now larger than the
agricultural sector’s influence over the agricultural resource intensive sector, is as
influential as the direct (intra-industry) effects in the mineral resource intensive sector,
and is in fact, larger than the direct effects for the unskilled labour intensive and utilities
sectors. Overall, the sectors that were most affected under the Input-Output model remain
the same ones as under the Partial SAM-based model, although there is very little to

separate the unskilled labour intensive and the services sector for 4™ and 5™ spot.

Graph 3.5 highlights the magnified influence of the services sector, along with a slight
increase in influence by the agricultural, mineral resource and knowledge intensive

sectors.

The inclusion of the Industry linkages with employees has clearly increased the relative
contribution of the services sector to the price impact suffered by all sectors - to the
extent that the overall PPI impact suffered by each sector has increased by approximately
0.10%. The amount by which the service sector’s influence was magnified, relative to
any other sector, and the increased overall impact on each sector’s PPI figures, clearly
indicates that the services sector has the most influential of all Industry linkages with
both Industry and the rest of society.

Viewed from another angle: Transportation services - which under all three models thus
far is consistently the industry the most strongly affected by fuel taxes - falls under the
services sector, and a rise in the cost of services has just been shown to have a significant

effect on the other sectors of the economy.
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Under the Partial SAM-based model, the price impact suffered by the food industry is
still relatively important, but it has fallen to 12" from 10™ under the Input-Output model.
The Financial services industry however has catapulted from 25" under the Input-Output
model to 7" under the Partial SAM-based model. As this is another industry in the
services sector, this provides some sort of explanation behind the increase in influence
exerted by the services sector. These changing rankings also highlights the fact that
different modelling approaches can have a significant effect on the relative price impacts
experienced by the individual industries. Consequently the choice of modeling technique
is extremely important.

Effectively though, the inclusion of increased wage costs impacting on product prices in
order to compensate employees for increased product prices associated with the fuel tax
rise, has increased the influence of the services sector over other sectors. Another
important finding to note, is that aside from certain industries, e.g. Transport, agriculture,
mining etc, the ranking in terms of the relative price impact that an industry suffers under
each model appears to be constantly changing as different economic linkages and indirect

effects are being captured.

Despite the fact that these aforementioned linkages do not appear to alter the relative
impact that each sector suffers under each model, the relative impact suffered by the
majority of the underlying industries that make-up each of these sectors seem to be
constantly changing around as different economic linkages are accounted for. Yet again,
this illustrates the importance of capturing as many economic linkages and indirect

effects as possible within a model before drawing any conclusions.

Getting back to the services sector, intuitively the extensive use of human capital in the
services sector would also hint at the fact that the inclusion of the possibility of
increasing wage costs under the Partial SAM-based model would result in larger indirect
effects impacting on this sector. This is as a result of its role in the circular flow of
income being more closely related to Households as opposed to only the product markets

which are the sole focus of the Input-Output model.
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The following Table best illustrates this point as the services sector is shown to be a
significant link in the circular flow of income from Industry to employees through its

payment to labour relative to other sectors:

Table 3.4
Analysis of Payment to the Different Categories of Production Labour®!

Agric | Mining | Agric. Mineral | Unskill | Knowledge | Service | Utilities
Resource | Resource | labour Intensive

W&S high 3% 10% 23% 31% 15% 31% 27% 30%
W&S med 12% | 18% 31% 25% 18% 28% 52% 19%
WE&S low 83% { 1% 44% 42% 55% 39% 11% 42%
WE&S inf 2% 2% 1% 1% 12% 1% 11% 8%
Payment to
labour by 537322188 11417 5 890 24 294 35102 119328 | 6136
sector
Percentage of
total payment
to labour by 2% 10% 5% I% 11% 15% 52% 3%
Industry*?

As a result, the inclusion of higher wages to compensate employees for increased product
prices associated with the rise in fuel taxes will be expected to have the largest impact on
the services sector because of its large share of payments made to labour relative to other
industries. The increased wages suffered by the services sector in order to compensate
employees as above will lead to the price of services increasing, and thereby set off

another round of these effects until a new equilibrium point is reached.

As mentioned already, the Partial SAM-based model results are approximately 0.10% per

sector larger than the Input-Output model results where these employee linkages were

TF igures obtained from the SAM database.
32 This is calculated as the payment made to labour by the sector divided by the sum of all payments made to labour by
all the sectors. That is, row 4 amount divided by the sum of row 4.
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completely excluded. Consequently, the indirect effects suffered by all sectors, including

mining, are much larger due the increased influence of the services sector.

Under the Input-Output model, mining was the least affected as regards indirect effects.
An explanation of this was offered by Townsend & McDonald (1998), who established
that the mining sector has the smallest backward and forward multipliers® of all sectors.
The forward linkages in this model generate the price increases. A price increase in one
sector does not directly affect the upstream industries (backward linkages) but does affect
the downstream industries that use the affected product as an input. Because mining
output is generally exported as raw material, it is not really used downstream at all, hence
the small forward linkage. The less a product is linked to the rest of the economy the less
of an impact it will have on prices. Further, because of its small backward linkages
mining can also be expected to experience very little impact from the indirect effects

arising from the few sectors that it does rely on for inputs.

Townsend & McDonald (1998) go on to point out that the value of the mining sector
actually relates to its role in the balance of payments, and not its linkages to other sectors

of the economy. Hence, in this regard, the small indirect effect result is to be expected.

However, under the Partial SAM-based model, mining is no longer seen to be the least
affected sector in terms of indirect effects impacts. This therefore represents a
contradiction of the aforementioned Townsend reference as to the reason for mining

suffering the least indirect effects of all.

The crucial point to be noted is that the difference between the results produced by the
Input-Output model and the other models being employed in this study can have very
important implications. In this regard, Vogel (1994) notes that research has demonstrated

that the concentration on production linkages in an Input-Output model may produce

» According to Townsend & McDonald (1998) backward linkages for a particular sector, i, show the extent to which
output from other sectors is used as an input for sector /. Thus the stronger the backward linkage, the greater the
stimulation of economic activity, within these sectors, from an increase in output from sector i. Forward linkages for a
particular sector / show the extent to which its output is used as an input by other sectors.
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misleading policy descriptions, particularly with respect to the potential contributions of
the agricultural sector. The Townsend & McDonald (1998) reference with regard to
mining is a specific case in point that highlights this very problem.

The increase in effect on mining once Households are endogenised reflects the impact of
the employment of labour in mining, which is an important input in the production
process. Much like the services sector scenario, the rising nominal wage will

consequently be expected to push up the price of mining output.

Bearing this problem in mind, and more specifically Vogel’s (1994) reference to the
agricultural sector’s contribution, it is interesting to note the more influential role that the
agricultural sector plays in the price impact suffered by all other sectors under the Partial
SAM-based model than was the case under the Input-Output model. This is because
agriculture:

a) is at the start of the production process for many industries — a fact supported by this
sector having the largest direct (intra-industry) effects of all the sectors under the direct
effects model, and

b) it has relatively influential downstream linkages - as indicated by this sector’s

increased influence over the price impact suffered by other sectors.

A rise in its price will therefore have strong impacts downstream. This has been clearly
illustrated under the Partial SAM-based model where the crucial employee linkages with
Industry were captured. The influence of agriculture on the other sectors became more
apparent in the graphic make-up of this model’s results (Graph 3.5) than was the case in
the Input-Output model’s Graph 3.3. As Townsend & McDonald (1998) note, there is
much research evidence in this regard to suggest that agriculture has extensive forward
linkages with the rest of the economy. This is supported here by the fact that no other
sector, not even the services sector, is able to exert any significant influence close to the

direct effects that the agricultural sector suffers from.
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SAM-bused Model

Graph 3.6
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As this model incorporates the full eircular flow of income throughout the 3 major groups
— Induslry, Government and Households - the results ol the downstream elfects gencrated
by this model would be cxpected to be larger than the Partial SAM-based model. The
addition of the latter two sectors would also have suggested this. This is akin to the
inclusion of downstream effects — when moving from Lhe Direct cffects to the Inpul-
Outpul model - and the capluring of cmployce interaclion via wage increases with
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However. unlike the results produced by the previous maodels, the Tull SAM-based model
results are sipnificantly larger per secior 48 reflected in Graph 3.6, It is clear though that
the 10 % increase in fuel fax only raises overall mduslry prices by between (0.4 % and just
aver (L5 %, Moreover, whilsl the agmicultural scctor remains the most allected scetor of
all, the services sectar now becoimes the nexl most affecled, followed by numing and then

unskilled labow inlensive, Aside [rom mining now only being the 3 most atfected sector



instead of 2™ under previous models, the mineral resource intensive sector has shifted

from being the 3™ most affected under previous models, to being the 5" most affected.

The contribution of the services sector to each sector’s price impact is as large as under
the Partial SAM-based model. Under this model, the sector suffers a larger price impact
as Households and Government are now able to transfer their total increase in the cost-of-
living onto producers via wage demands, as opposed to only increased product prices
under the Partial SAM-based model.

Under the full SAM-based model though, this influence is dwarfed by the Household
contribution to each sector’s price impact. However, despite this, the services sector still
contains extensive linkages within the economy, and therefore can still play a significant
role in the price impact suffered by other sectors. A fuel tax increase for this sector can
have significant impacts both upstream and downstream as was witnessed under the
Partial SAM-based model.

In fact, under this model, the two most affected industries are service sector components
— Transport — once again, and Financial Services, illustrating yet again the shifting
impacts on the underlying industries making up these aggregated sectors. Agriculture
interestingly enough has fallen from 2™ under the Direct effects and Input-Output model,
to 3™ under the Partial SAM-based model, to 4™ under the full SAM-based model. Thus,
it appears that whilst agriculture does overall appear to suffer a large price impact as a
result of the increased fuel taxes, as more economic linkages are captured, so the relative
impact suffered by the Agricultural industry diminishes. The absolute impact does
however increase significantly.

As has been consistently found, the new sector — Households - is strongly affected as a
result mainly of the direct (intra-industry) effects, as well as partially because of the large
share of expenditure spent on consumption goods - as opposed to savings, which are not
affected by fuel taxes. The direct tax on Households also has a large impact on all sectors.
This is as a result of cost increases being transferred to Industry via wages or Gross

Operating Surplus (GOS) increases. Due to the fact that wages and GOS account for a
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significant share of the price (between 25-60 % of gross output), as the costs are

transferred so the impact on prices rises significantly.

More specifically, from Graph 3.6 it is clear that the largest contributor to price increases
in all sectors comes from Households. Recall that the Household component reflects the
total effect of Households passing their initial increase in their cost of living onto
Industry. Fuel taxes directly raise the cost of living for Households through their
consumption of fuel. As mentioned, this increase is then passed down onto Industry via
increased wages, which then in turn feeds into increased Industry prices. This in turn sets
off the next cycle as the price increases are passed onto (a) other industries, (b)

households via their consumption bundle and (c¢) government via its consumption bundle.

The whole cycle through which the price impacts travel can be best understood in terms

of the following step-by-step breakdown:

=> Households’ direct effects are passed onto Industry via wage increases,

=> which are then passed onto other Industries

=> who in turn also suffer their own direct effect increase

= all of which are now passed back to Households via the increased price of Industry
outputs,

=> and again passed back onto Industry & Households in the next round of effects
through the same set of wage and product price increases,

This cycle is repeated many times until a new equilibrium level is reached, consequently

the price impact generated can be expected to be quite significant.

In summary though, the total Household impact is relatively large as Households are
affected directly via relatively large increases in expenditure on fuel and the indirect

effects generated as detailed above.
The impact of the other sectors is small by comparison. This is partly because fuel taxes

constitute a smaller part of their costs, but also because the downstream linkages are

relatively low by comparison. The starting point of their cycle is the direct cost suffered
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by Industry as a result of the initial rise in fuel taxes, which impacts on their product
price, which in turn impacts on the purchasing power of Households, which only then in
turn leads to the wage cycle mentioned above. Note, where Industry is concerned, the
loop begins with Industry, and then leads to the Industry and Household cycle detailed
above. As the starting point differs from the cycle listed above, namely the lack of the
initial Household direct effect being passed on to Industry first, the Industry impact is
expected to be lower than that suffered by the Households.

Government is essentially a pseudo Industry sector, one which derives it’s income via
taxes and incurs expense via payments to employees, subsidies or handing out of
contracts for work to be performed by Industry. It is best viewed as a medium through
which funds are received via taxes and are re-distributed in the economy. For this reason,
one can see in the make-up of the price impact that Government suffers, that each
Industry contributes a part to the price impact, and as with all the other sectors, the
services sector and Household sectors dominate this price impact. This indicates that
Government may have extensive upstream linkages — i.e. Government is impacted upon
by what happens in the rest of the economy, and even though it can influence policy
matters in the economy, Government ultimately bears the financial impact of those

policies as well, through the impact suffered by the other components of the economy.

Moreover, the rise in fuel taxes also represents income for the Government sector which
collects the fuel taxes, much more than the increase in direct expense that it suffers, and
hence the low direct effects that Government suffer. Government also has a very small

impact on the price impact suffered by other Industry sectors and Households.

In short, the downstream linkages of Government are very low, as indicated by the small
contribution to other sectors’ overall price impacts. However, because Government itself
is a large consumer of other products, the price impact of price changes in other sectors

will be relatively large on Government.
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CHAPTER 4
Analysis: Households

Introduction

“Governments tax energy to raise revenues, largely because energy is convenient to tax,
and because demand is relatively inelastic, permitting the raising of revenues without

significantly eroding the tax base...

...No tax however, is purely revenue raising or purely an incentive tax. A tax levied to
raise revenues is likely to affect price and hence demand, while a tax levied to change
behaviour generally does so by affecting prices and hence raising revenues. The
existence of this continuum may facilitate the use or adaptation of existing taxes to

Sfurther a number of newly important policy goals.” (OECD, 1993: 15&20)

Whilst the above quote would initially lead one to think of the impact of rising fuel taxes
on Industry, it is in fact another economic group that should be the first to spring to mind
— Households.

As illustrated in the circular flow diagram as presented in Chapter 2, Households play a
pivotal role within the economy as both consumers and suppliers of labour to Industry —

i.e. they are both consumers and inputs into the production process.

Moreover, as Government is interested in improving the living conditions under which
the poor are forced to live - as indicated by the creation of projects such as the RDP and
the recent introduction of the Skills Development Levy for funding the upgrading the
skills of workers in the work place - an important consideration is whether the fuel tax
increase is conducive towards realising this objective. More specifically, will the fuel tax
increase raise income inequality and push people further into poverty in contradiction to
Government’s objective? Government appears to have realised this problem when the

2002 Budget announced the zero-rating of the VAT levied on paraffin, this despite an
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overall increase in the taxation of diesel and petrol, whilst the 2003 Budget left the fuel

levy untouched from its prior year level.

Whilst these overall decisions may have more to do with the fact that oil prices and the
weakening Rand/Dollar exchange rate had significantly increased the price of fuel over
the past 2 years, the elimination of paraffin taxation points toward Government
recognising that fuel tax increases may not be in line with their welfare objectives.
Paraffin is used mostly by the disadvantaged communities living in informal settlements
in South Africa for heating, cooking and lighting (paraffin lamps) purposes due to their
lack of access to electricity (Myolisi, 2000). As such, by eliminating the level of paraffin
taxation whilst leaving the other fuel taxes unchanged, Government may be indicating
that it views this means of revenue generation (VAT on paraffin) as being non-aligned
with it’s goal of income equality (i.e. taxation thereof would clearly hurt the poor the

most).

Bearing all this in mind, as well as the historic levels of income disparity in this country,
it should be clear that the impact of rising fuel taxes on the different income-earning
Households needs to be understood before any further adjustments are made to the

current level of fuel taxes.

In this regard, in order to determine which income Household is hurt the most by a fuel
tax increase it is necessary to quantify by how much the tax raises the cost of living, i.e.
the actual price increase impact, for each income Household. These results will then be
used to generate the distributional profile of the impact of rising fuel taxes across the

various income Houscholds.

This chapter also employs a variety of methodologies to estimate this price impact of the
fuel tax increase. Again, this is done in order to provide a more solid understanding of the
implications of the differing results from each model, whilst in this chapter, it also allows

for an international comparison of results with a similar U.S. study.
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Finally, the results of the SAM-based model employed are decomposed in order to
identify the driving/influential sectors behind the indirect effects suffered by each of the
various income Households. This not only provides some insight into the drivers that are
mainly responsible for the final price impact a Household suffers, but also permits a more
informed scenario analysis to be performed, wherein the impact from these sectors is

limited in an attempt to limit the overall price impact endured within the economy.

Literature analysis
Unlike the Industry impacts arising from an increase in fuel taxes, the distribution of the

price impact burden across income Households is not as well documented.

It is anticipated that the impact from a rise in fuel taxes will be significantly multiplied
when Household effects are fully accounted for. As was found in Chapter 3, the inclusion
of additional economic linkages within a model will lead to additional downstream
effects being captured. The price impact arising from these additional effects will not
only affect the extent to which overall prices differ across models, but also the
distributional profile of these price impacts across Households. As this study will show,
such implications are usually not adequately dealt with by certain overseas fuel tax
studies, mostly because the commonly employed Input-Output models utilised in these
studies fails to endogenise Households and therefore fails to capture these additional

effects,

Examples of such studies include Labandeira & Labeaga’s (1999) investigation into the
effects of Carbon Taxation on Spanish Households. Their investigation dealt with the
levying of an additional fuel tax, a Carbon Tax, which is similar in nature to this study in
that it also has the effect of increasing the fuel tax charge. In his study, Labandeira &
Labeaga (1999) established that a Carbon Tax burden would be distributed according to
income across the various Spanish Households, i.e. the larger the income of the

Household, the higher the burden borne by that Household.
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Labandeira & Labeaga’s (1999) carbon tax findings with respect to Households are
supported by similar findings in other studies dealing with the effects of rising fuel taxes,
namely that of Casler & Rafiqui (1993), Herendeen (1974) and Hannon (1975) in the
U.S. All these studies found that the price impact from a rise in fuel taxes would be
distributed roughly in proportion to each Household’s income category. That is, the
higher the income level of the Household, the larger the relative price burden the

Household is forced to bear.

It is submitted however, that the results obtained from these studies provide only a partial
picture of the overall price impact suffered by all components of the economy due to the
fact that the Input-Output models utilised focussed solely on inter-industry relationships,
whilst Households are treated as an exogenous sector. Households are included only as
final consumers of Industry products and all other linkages between the two entities are
ignored. More specifically, the Input-Output model does not account for wage (factor
payments) demands by factors in response to price increases arising from the initial fuel

tax increase.

A good example of such Input-Output studies is Casler &Rafiqui (1993), who in his
paper “Evaluating Fuel Tax Equity: Direct and Indirect Distributional Effects”, utilised
an Input-Output model to assess the impact on different income Households of a rise in
energy taxes, with one category of such taxes being gasoline taxes. As Casler & Rafiqui’s
(1993) detailed results were published for this category of taxation, his methodology and
findings are presented, as well as replicated for South Africa, in order to contextualise the
differences not only in the techniques that this study employs, but also the differences in
distributional profile across the two countries. A consequence of all this is that a new

‘model” — the Direct Consumption Effects model — is introduced in this chapter.
Casler & Rafiqui’s (1993) methodology involved looking at the different energy sources

consumed by each Household and the effect of a tax being added onto each one. This was

simulated by means of raising the price of the Input-Output row of the relevant energy
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source by an amount equal to the increased tax charge, typical of other such studies that

utilise Input-Output models.

Unlike Casler & Rafiqui (1993) and other such Input-Output studies, there is no need to
alter the price of a specific fuel in order to analyse the effect that such a tax rise will have
on the economy. The SAM database employed in this study contains a specific ‘Fuel
Levy’ line that can be altered to simulate the 10% tax increase and thereby isolate the
effects of a fuel tax rise. This is not a methodological difference, but merely a refinement
of the technique employed by Casler & Rafiqui (1993).

Further, this study is considered an advancement on the work done in the studies
mentioned above, as it not only replicates Casler & Rafiqui’s (1993) work for
comparative purposes, but also goes further and attempts to account for the effects of
higher wage demands by factors to compensate for price increases experienced by the

various Households.

Finally, despite the absolute price impact borme by each income Household being
interesting from a welfare point of view, it is rather more difficult to translate these
absolute results produced per income Household category into a distributional profile that
can be compared across the different models in this study. For this reason, an
interpretative technique called Regressivity Analysis has been adopted from Casler &
Rafiqui (1993) in order to ascertain exactly which income Household suffers the greatest

relative (as opposed to absolute) price impact burden under each model.

Regressivity Analysis Technique34
In their paper, Casler & Rafiqui (1993) looked at, amongst others, the extent to which a
tax on energy was regressive across Household income categories. This was done in

order to establish the manner in which an increase in energy taxes would be distributed

34 On its own this method of identifying regressivity holds no value. It is merely a method of simplifying the data in
order to facilitate an easier and clearer interpretation.
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across the various income Households, and from a welfare point of view, which income

Household thus bore the greatest relative burden.

The regressivity calculation involves using the highest income Household’s price impact

percentage increase as a common denominator. That is:

Equation 7 AHH

AH9

where,

AHH represents the percentage increase in price suffered by the relevant Household, e.g.
the lowest income Household (d0), and

AH9 represents the percentage increase in price suffered by Household d9 (the highest

income household)

These price impact percentage figures represent the results obtained from the relevant

model being employed at the time.

Clearly, the highest income Household (d9) will always produce a ratio of exactly 1 with
itself. The value of this method lies in the magnitude of the other ratios. A ratio greater
than 1 for low income Households implies that they suffer a greater relative price burden
than the highest income Household (d9) does. This can be translated as an increase in fuel
taxes being relatively more expensive for lower income Households than for the highest

income Household, and vice versa for a ratio less than 1.

As fuel taxes are considered to be a means of taxing the wealthy, Household d9 was
chosen as the benchmark Household as in such an instance it would be expected that this
Household would suffer the greatest price impact burden relative to the other
Households. In other words, it would be expected in such an instance that all other

Households will have a ratio of less than 1 relative to d9, which is benchmarked as 1.
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As was done by Casler & Rafiqui (1993), the regressivity analysis has been applied to
both the direct and overall (direct & indirect) price impact results to ascertain whether the
distributional profile of the burden differs between them.

Definition of Regressivity
In this study, there are two aspects to consider when assessing whether the results

obtained indicate regressivity or not:

Firstly, as the highest income Household is the benchmark Household, a ratio > 1 can
thus be interpreted as the lower income Households allocating a higher proportion of
their total expenditure to fuel taxes than the highest income Household does. Such a
result will therefore imply that a unit tax will be regressive, i.e. affect that Household
negatively in terms of the relative burden that it will bear compared to the highest income
Household.

Secondly, it is the magnitude of the ratio that allows one to establish the distributional
profile of the burden across the Households, i.e. which Household suffers the greatest and
least relative burden. As all the Household price impact results are benchmarked against
a common Household (d9), the distributional profile can be constructed from the
magnitude of each Household’s deviation from this benchmark effect (set at 1). Thus the
magnitude of this deviation would indicate not only the extent to which a particular

Household suffers relative to the highest income Household, but also relative to the other

Households being measured against the same benchmark.
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1. Illustrative Example of Direct versus Indirect Effects

Before launching into the detailed analysis, it is important to fully understand why each
calculation is performed within this study, and exactly what the calculation is attempting
to measure. For this reason, the following illustrative example is presented. Whenever a
methodology is introduced, a reference can be made to this example to contextualise

exactly which effect it is attempting to capture:

Whilst direct effects refer to the purchase of fuel directly e.g. petrol for your car, indirect
effects refer to the consumption of goods that are fuel-related, i.e. require fuel somewhere
along the line as part of their input. The following example is used to clarify these effects
and highlight the manner in which each of the said effects are assessed in this study with
regard to Households.

The production of any commodity, e.g. flour, would always at some stage require the use
of transportation services, e.g. in the distribution of the product itself. Thus, an increase
in fuel taxes - which will increase the cost of fuel - will affect the cost at which these

transport services are provided, which in turn will affect the final cost of the flour itself.

The increased cost of flour will then have a downstream impact on the cost of producing
bread. This in turn will negatively affect the consumer thereof (usually Households if
final consumer or else e.g. bakers if intermediate consumer) through the higher price at
which the bread will now be sold to cover the cost increase incurred by the bread

producer.
The direct effects as calculated in section 2 below, can be seen in relation to the flour

producer as the increased cost incurred in transporting flour for distribution to the bread

producer.

83



The bread producer however now suffers two effects:

a. Increased transport costs (Direct effects). This again is the transportation of bread to
the consumer and the

b. Increased cost of flour (Indirect effects) as the flour producer raises the price of flour

to try to recover the increased costs associated with his direct effects.

The direct and indirect impacts suffered by Households are similar to that presented for
the bread producer. Households are therefore faced with two effects as a result of the

increase in fuel taxes:

a. Increased transport costs (Direct effects). This is essentially the increased cost the
individual faces when filling the same amount of petrol/diesel at the service station
and the

b. Increased cost of bread (Indirect effects) as the bread producer raises the price of

bread to try to recover the increased costs of inputs.

The Household direct effects results calculated in section 2 do not include the impact on
Households that arises from Industry transferring their direct effects impact onto
Households via increased product prices. This latter effect arises because Households
purchase products from Industry and are consequently forced to bear at least some of the

burden of the price increase suffered by Industry as in the example above.

With respect to Households, the Direct Consumption Effects model in section 2 is aimed
therefore at assessing the price impact arising specifically from point b above. That is, the

first round of indirect effects are assessed under this model.

This latter method still fails however to capture the full price impact on the production
costs of bread. Only the increased direct cost of all of its purchased inputs, i.e. the
transport costs for flour and other intermediate goods used to produce the bread are
accounted for, whilst their associated downstream indirect effects arising out of inter-

industry transactions are not.
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In this regard, section 3 attempts to address this problem. The Input-Output model is
employed to attempt to solve this latter inter-industry problem, whilst the price impacts of
higher wage demands by employees to compensate for the increase in their cost of living

is analysed through the use of SAM-based models.
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2. Direct Effects

2.1 Introduction
As mentioned, the SAM database contains a specific row entitled ‘Fuel Levies’. This row
represents the amount that each of the endogenous accounts contribute towards the total

levies that government receives from taxing all types of fuel.

The fuel levy row in the SAM database is assumed to include petrol and diesel and for
the purposes of this study, this levy row represents the tax component of fuel prices. This
row is considered exogenous in the model and contributions to it by the endogenous

accounts are all increased by 10% to simulate a 10% increase in fuel taxes.

The assessment of the direct impact of increasing fuel taxes on Households is approached
in a slightly more detailed manner than was the case in the Industry chapter. There are

two aspects to the approach adopted in this section:

1. Direct Effects
As was the case in the Industry chapter, the price impact that the rise in fuel taxes will
have on each Household’s purchase of fuel for their own private use is referred to as the

Direct effect®. These effects are captured as follows in an adaptation of Equation 1:

Equation 8 %AHHE; = 0.1* FH;
HHE;
where
J = Household categories split into income deciles (d0 to d9)
FH; = Total fuel levy paid by the Household (HH;) to Government per the SAM
database line
HHE; = Total expenditure by the Household HH; (before the 10% fuel tax

increase) on all Household purchases

33 Refer to the illustrative example discussed earlier to contextualise understanding of the direct effect
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%AHHE; = Percentage increase required in Household HH; as a result of the 10% rise

in fuel taxes

2. Consumption Effects

Initially, this new model was adopted to enable a fair comparison of results with Casler &
Rafiqui’s (1993) U.S. findings. It was then however also utilised to provide further
insight into the distributional profile of what can be considered either as the second round

of direct effects or the first round of indirect effects.

This model will be dealt with in more detail later.

Overall, these two methods provide useful information with regard to the distributional
profile of the different components of the price impact burden borme by the various
income Households. For this reason, each of the two aspects are initially presented and
analysed on their own, before the results of each are compared in an attempt to provide

an overall context to the information that each one yields.
The Direct Consumption effects results are also compared against Casler & Rafiqui’s

(1993) U.S. findings in order to ascertain whether there are any similarities between the

South African and U.S. price impact distributional profiles.

87



2.2 Direct Effects Results

Table 4.1
Direct Effects Results
Households Price Impact Results Regressivity Results
Income Categories
DO 0.189% 1.49
D1 0.183% 1.44
D2 0.171% 1.35
D3 0.161% 1.27
D4 0.145% 1.17
D5 0.142% 1.12
D6 0.135% 1.07
D7 0.132% 1.04
D8 0.130% 1.02
D9 0.127% 1.00

The direct effects of the increase in fuel taxes clearly impacts upon the lower income
Households the most. This could be explained by the fact that direct fuel costs (the basic
amount every Household requires purely for daily survival) forms a large part of their
expenditure pattern, a fact which is supported by Solow (1985). Examples of such
expenditure include the need for basic fuels for heating, cooking, and also transport in the
form of bus/taxi fares etc. As such, when the fuel price rises due to the increase in taxes,

this translates directly into an increase in their cost of living.
The fact that the higher income Households (d4 onwards) suffer a relatively smaller
burden suggests that this type of distributional profile is a result of the demand for fuel

being income and/or price inelastic.

This income-inelastic demand is initially supported by Loubser (1990) who found that

fuel - specifically paraffin - has an income-elasticity of less than 1 for lower income

Households. That is, the greater the income level, the less is spent on fuel as a percentage
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of total income, or, as income rises (e.g. by 10 %) demand for fuel would rise by less
(e.g. 5 %).

More concrete support is obtained from Case (1998) who found that, amongst others,
Africans spend on average 5.3 % of their budget on fuel as against 0.2 % for Whites.
Building on this, and taking into account the historical situation in South Africa, Case
(1998: 5) found further that whilst “the budget shares of food, fuel and transport are
very different between Whites and Africans on average, these differences appear to be
explained almost entirely by differences in log (income per household member) between
Whites and Africans... Food and fuel are the two commodity groups with the lowest

estimated income elasticities for Afvicans... These then are goods for which reductions in

prices may have the highest social payoff: these goods have high budget shares on
average, and the highest budget shares for the poorest South Africans.”

Thus, as is depicted here, and supported by Case (1998), low income Households should
be expected to incur a greater proportional direct expenditure burden with regard to fuel

than their higher income counterparts.

With regard to relative burdens, Table 4.1 shows that all the ratios exceed 1. This clearly
indicates that, on the basis of direct effects alone, a rise in the fuel tax charge is
regressive. The magnitude of the ratio decreases significantly from 1.49 to 1.27 as one
moves toward the middle income Households, with the ratio then falling dramatically
thereafter. This merely illustrates that, under this scenario, it is the lower income

Households that will be the most prejudiced when fuel taxes are increased.

There is also support for this finding from Herendeen (1974) and Hannon (1975) who
encountered similar findings in the U.S. More recently, Solow (1985: 1018) points out:

“Early analyses of energy policy in general and energy taxes in particular focused on the
effects on energy consumers in the form of higher prices. This has typically been
considered regressive, as the poor spend a greater fraction of their income on direct

purchases of energy than do the wealthy.”
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Overall, the absolute results presented in Table 4.1 above suggest that the price impact
effect suffered by all Households is very low. However, these are only the direct effects,
and as was found during the Industry analysis, basing decisions solely on direct effects
may lead to erroneous conclusions about the full impact that the various Households

ultimately bear, especially as the indirect effects are expected to be much larger.

Price Elasticity

Before proceeding, it is important at this point to reiterate the assumption of fixed-
quantity that is inherent in the model being used. That is, the effects arising from product
substitution are not being accounted for. The issue of price elasticity of demand is
therefore highly relevant in determining whether the price impact results produced are a

reasonably fair reflection or are in fact significantly overstated.

The price impact effect will be overstated for all Households as it is assumed that none of
them can adjust their consumption in response to the price increase given the structure of
the model. The degree of overestimation will depend however on two issues:

a. Price elasticity of demand and cross price elasticity of demand are assumed to be
zero. Thus no substitution effects can occur and the overall impact on Household
expenditure is overstated. This holds true for all income Households and for small
price increases, this is not considered an extreme assumption.

b. The issue of relative price impacts. This is influenced by differences in price
elasticity across Households. The fact that wealthier Households can substitute away
from fuel and poorer Households cannot, would result in an underestimation of the
impact on poorer Households relative to wealthier Households. The regressivity

results may therefore be more extreme than is shown in Table 4.1.

With regard to the latter point, slightly differing degrees of price-elasticity can be
expected to exist across various income Household categories as, unlike the lower
income Households, the higher income Households demand more fuel than needed purely
for basic everyday survival. As a result, higher income Households are expected to have a

more elastic demand curve for fuel. As an example, higher income Households are
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capable of reducing their direct fuel consumption to a degree by e.g. trading-in their

vehicles for more fuel efficient ones (long-term) or carpooling (in the short-term).

However, support for the assumption of overall price inelasticity comes once again from

Case (1998: 8) who states: “For Africans, food, fuel, alcohol/tobacco and (marginally)

other goods are estimated as necessities. Of these, food, fuel, alcohol/tobacco are also
estimated as price inelastic. For Whites, food, fuel, alcohol/tobacco, clothing, and
(marginally) personal items and other goods are estimated as necessities. Of these, only

Jood, fuel, clothing, alcohol/tobacco are also estimated as price inelastic.”

In further support of the price-inelasticity of demand assumption, the 2000 Fleming
Martin Research Report highlights the fact that domestic petrol sales declined by 3.2%
year-on-year for the first six months of 2000 — the time when petrol prices were sky-
rocketing in the South Africa because of a rise in world oil prices. Recall that price-
elasticity is a relationship between price and quantity. Thus, if the price during this period
rose by more than 3.2% (which it did, rising by approximately 30%), then price elasticity
over this period would be (3.2/30) = 0.11. Thus it would appear a fair assumption that the
overall general demand for fuel is in fact quite price-inelastic across all income
Households™.

This type of inelastic fuel demand profile has also been noted to exist in other countries
as per the opening quote from the OECD (1993) presented as the introduction to this
chapter. Because there is generally no available direct substitute for fuel, it is also one of
the reasons ascribed as to why Governments worldwide continue to earn revenues so

easily from fuel taxes.

Consequently, as the demand for fuel appears to be generally price-inelastic across all
income Households, there appears to be sufficient justification - particularly in the case of
small price increases - for the inherent assumption of fixed consumption patterns that

underlie the Input-Output and SAM-based models used in this study. That is, if

3¢ Refer to Appendix I where price inelasticity is shown to exist for petrol and diesel
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substitution effects were accounted for, the price impact results and distributional profile
would not be expected to alter significantly, as consumers are unable to respond to the
price-rising effect sufficiently in the short-term such that the results can be expected to

change dramatically.

2.3 Direct Consumption Effects
Moving along, if one considers that opportunities sometimes exist for Industry to pass on
their direct costs of the fuel tax increase to the consumer (Households), then analysing

only the direct effects suffered by Households is obviously insufficient.

Thus far in this study, and more specifically, in the previous section, ‘direct’ has been
defined as being the extra amount that each Household has to spend in order to purchase
the same amount of fuel as before the rise in fuel taxes. This method of evaluating the
direct effects does not however incorporate the fuel impact indirectly felt via the
consumption of Industry products.

This section therefore tries to rectify that shortcoming by attempting to assess this Direct
Consumption effect. This analysis should at this stage be seen as an assessment of the
second round of ‘direct’ effects suffered by Households, i.e. how the direct effects

suffered by Industry impact on each Household’s total expenditure.

Fuel taxes will have a direct impact on the price of Industry output, the size of which is
dependent on the amount of fuel used in the production process. This then impacts on
Households who now pay these higher prices to each Industry whenever they consume

that Industry’s goods.

Admittedly, this full pass-through of direct effects suffered by Industry onto Households
is not a realistic assumption as producers would have to absorb some of the price increase
themselves and only pass onto consumers that which they feel the market will be able to
absorb without having too negative an impact on their product sales. The consequences of

this assumption though is that the Direct Consumption effects suffered by Households are
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overstated, and this should be borne in mind when analysing the results obtained not only

here, but also when dealing with the indirect effects in the next section.

Based on all this, this series of effects can be calculated as follows:

0.1*(%) *(H,)
Equation 9 YAHHE =
HHE

Where
FY : :

(EJ is an (1 x n) vector of fuel taxes paid to Government by each Industry
divided by total expenditure for each Industry

H; is an (n x 1) vector of a particular Household’s actual expenditure on each
commodity i

HHE is Household total expenditure on all items consumed by the particular
Household

Y%AHHE represents the percentage change in Household total expenditure due to

direct consumption of Industry commodities
Under this model, Households are still essentially treated as an exogenous account.
A Household’s individual consumption pattern of various industries’ products over

another industry’s products could clearly be a significant factor in the overall price

impact suffered by that Household relative to other income Households.

93



2.4 Comparison of Direct Effects and the Direct Consumption Effects

The regressivity results of the direct effects and direct consumption effects differ only in

terms of the distributional profile of their price impact burden across Households.

Table 4.2
Comparison of Direct Effects and Consumption Effects Results
Houschold | Price Impact | Regressivity | Price Impact | Repressivity | Total Price Total
Income |Consumption| Consumption |Direct EffectsDirect Effects| Impact EffectRegressivity
Categories Effect Effect
DO 0.028% 1.18 0.189% 149 0.217% 1.44
D1 0.028% 1.19 0.183% 1.44 0.211% 1.40
D2 0.029% 1.22 0.171% 1.35 0.200% 1.33
D3 0.029% 1.23 0.161% 1.27 0.191% 1.27
b4 0.029% 1.24 0.149% 1.17 0.178% 1.18
D5 0.029% 1.24 0.142% 1.12 0.172% 1.14
Dé 0.029% 1.21 0.135% 1.07 0.164% 1.09
D7 0.028% 1.17 0.132% 1.04 0.160% 1.06
D8 0.025% 1.07 0.130% 1.02 0.155% 1.03
D9 0.024% 1.00 0.127% 1.00 0.151% 1.00

Per Table 4.2 above, the absolute Direct Consumption effect results are clearly much
smaller than the direct effects. Recall though that the Direct Consumption effect is only
the first of many rounds of indirect effects, and excludes the direct effect impact.

Consequently, the smaller results are to be expected.

Whilst the Direct Consumption price effect is very similar across all the Households, it is
very small and does not highlight the expected underlying difference in consumption
patterns of Industry products across income Households. Instead, evidence of this is
obtained via a comparison of the Direct Consumption effects and the direct effects
regressivity ratios which highlights the significant differences in terms of the relative
price burdens borne by the lower income Households when consumption effects are

considered.
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The Direct Consumption effects regressivity results have a larger ratio the higher the
income level of the Household (until one gets to Households d6-d8), whereas the direct
effects results show the opposite trend, ie. a steadily decreasing ratio. This can be
interpreted as the direct effect of a higher fuel tax being biased against low income
Households, whilst the consumption effect is biased against middle income Households.
That is, under the Direct Consumption effects model, the type of Industry products most
affected by the fuel tax increase are those that are consumed mainly by wealthier
Households. Again the importance of capturing indirect effects has been highlighted,
most notably by this change in the distribution profile of the price impact burden across
Households.

Overall, the ratios are generally all much closer to 1 under the Direct Consumption effect
results, indicating that whilst the first round of indirect effects are regressive overall due

to all ratios exceeding 1, it is not as regressive as the direct effects.

The interesting point to note is that the Direct Consumption effects distributional profile
indicates that, unlike the direct effects, the second round of ‘direct’ effects are distributed
roughly in proportion to income levels. The higher income Households are obviously the
exception to this as it is they who now suffer the greatest relative burden. This finding
will be explored in more detail in the next section, as well as during the analysis of the

overall effects.

With regard to the implication of assuming full pass-through of direct effects suffered by
Industry onto Households, the Direct Consumption effects results presented here are not
significant. As a result, it is considered that this assumption will not have a major impact
in terms of analysing the distributional profile of the fuel tax increase, as all the
Household results will be similarly overstated. Thus the distributional profile presented
here is considered to be fairly reflective of the true profile.

In terms of the total Consumption and Direct effects, the direct effects clearly dominate
both the price impact and regressivity ratio results. Thus, the impact on Household

expenditure arising from Industry passing on their increased direct costs onto Households
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is not very influential once combined with the direct effects that Households suffer. The
only visible effect appears to be the fact that, when the total Consumption effects are

accounted for, the overall regressivity ratios tend to move closer to 1.

Thus, accounting for what is effectively the first round of indirect effects suffered by
Households provides an indication that the strong regressivity effect introduced by the

Direct effects may be minimised as more associated indirect effects are captured.

2.5 Comparison of U.S. and South African Direct Consumption Effects Regressivity
Results

A very real problem encountered in comparing results obtained in one country to that of

another is that the same income Household may have different expenditure profiles. To

ascertain whether this is the case with regard to Casler & Rafiqui’s (1993) findings, the

methodology employed in obtaining the South African direct consumption effects is the

same as that of Casler & Rafiqui’s (1993) for his analysis of rising gasoline taxes.

This serves the purpose of minimising the effect of methodological differences as a

possible answer for any differences identified.
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The two sets of results are presented below:

Table 4.3%
Comparison of Regressivity Results For Consumption Effects
Households Regressivity Regressivity
Income Categories U.S. Consumption Effect S.A, Consumption Effect

Do 1.15 1.18

D1 1.19

D2 1.27 1.22

D3 1.23

D4 1.30 1.24

Ds 1.24

D6 1.31 1.21

D7 1.17

D8 1.00 1.07

D9 1.00

Casler & Rafiqui (1993) only has 5 Household income classifications, compared to the 10
in this study. Whilst the detail of the 10 Household categories has been retained, when
comparing the above local results on the basis of only 5 income Households categories,
the South African results appear surprisingly similar to Casler & Rafiqui’s (1993) U.S.

results.

There is only a very slight difference in the magnitude of the ratios and distribution of the
burden across the various income Households. In the U.S., it was the second highest
income Household (the equivalent of d6 and d7 in this study’s Household classification)
that bore the largest relative burden of the fuel tax. In South Africa, however, the

3" The South African Household income categories can be matched directly against the U.S. categories. The South
African Households D0 and D1 should be compared against U.S Household DO, i.e the table reflects a match-up of U.S
and South African Household categories on the basis that 2 South African Household categories are equivalent to 1
U.S. category. The Household income classes identified in the U.S. study are therefore indeed the same as those used in
this study.
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comparative results indicate that it is in fact the middle income Household (dS) that

appears to bear the greatest relative burden.

It should also be pointed out that, apart from Households d6-d8, the distribution of the
burden is also proportional to income levels - much as Casler & Rafiqui (1993) found in
his study as well. Thus despite all the ratios exceeding 1, the South African (and U.S.)
results are not truly regressive in terms of this study’s second requirement for

regressivity.

As an aside, this anomaly arises because the highest income Household does not bear the
greatest relative burden, but rather Households d7 and d8 in Casler & Rafiqui’s (1993)
study, and Households d4 and d5 in this study.

It should be noted that Casler & Rafiqui (1993) utilises the term ‘direct effects’ to
describe what this study recognises as ‘Direct Consumption effects’. As Casler & Rafiqui
(1993) only had an Input-Output Table available in their study, they could not
approximate the ‘direct effects’ impact on Households the Input-Output Table does not
have a fuel levy line. As a result, assessing the Direct Consumption effects was the

closest that they could get to assessing the ‘direct effects’ impact on Households.

2.6 Conclusion: Direct and Direct Consumption Effects Results
In essence, the direct effects results produced support Solow’s (1985) assertions. Lower
income Households suffer the most because their direct consumption of fuel makes up a

greater proportion of their total expenditure than is the case for wealthier Households.

The results intimate, as supported by Solow (1985), that the poor spend relatively more
on direct fuel purchases than do the wealthy - both in buying fuel directly, and also when
suffering the direct effects that Industry incurs and passes onto Households in the form of
higher product prices. This deduction is based upon the fact that all regressivity ratios
under the Direct and Direct Consumption effects were all greater than 1 - aside from
Household d9.
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Solow (1985) does however go on to point out that in studies conducted by Herendeen
(1974) and Hannon (1975), energy consumption across income classes was in fact found
to be roughly proportional to income. They argued that even though the poor consume a
larger fraction of their energy directly, as was found to be the case here, the wealthy in
fact consume a larger fraction of their energy indirectly. By this, Herendeen (1974) and
Hannon (1975) imply that the poor spend a larger proportion of their income on direct
purchases of fuel than the wealthy do, whilst conversely, the wealthy spend a larger
proportion of their income on products that require fuel as part of their inputs, as opposed

to purchasing fuel directly.

Interestingly, and despite all the regressivity ratios exceeding 1, the Direct Consumption
effects results provide an initial indication that this may be the case in South Africa as
well. With the exception of Households d6-d8, the Direct Consumption effects were
found to be distributed roughly in proportion to income levels, and when combined with
the Direct effects impact, the overall regressivity ratios were seen to move closer to 1 as
reflected in the last column of Table 4.2. Thus, the inclusion of the Direct Consumption
effects helps to reduce the overall regressivity created by the Direct effects and appears at

this point to lend credence to Solow’s (1985) assertion in the South African context.

However, in order to obtain a more accurate picture of the welfare and distributional
burden that an increase in fuel taxes will have on the various income Households, rmore
detailed assessment of the overall effect (i.e. both direct and indirect effects) needs to be
performed. The significant influence of indirect effects in relation to direct effects has
already been documented in the Chapter 3 of this study. It is therefore considered that
evaluating only the direct effects without due regard for the indirect could lead to ill-

informed and therefore incorrect deductions being made.
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3. Direct and Indirect Effects

3.1 Introduction

As opposed to being viewed only as the second round of ‘direct’ effects, the Direct
Consumption effects could also be simultaneously seen as the first round of ‘indirect’
effects suffered by Households. In light of this, the results of the Direct Consumption
effects analysis provide an initial hint that the indirect effects arising from the rise in fuel
taxes may affect the Household distributional profile in a different manner that differs
from that of the direct effects. Following on this insight, it is therefore important to

continue further and attempt to assess the impact of these indirect effects.

In order to continue further, the assumption made with regard to the assessment of the
Direct Consumption effects is extended to this segment of the analysis as well. More
specifically, it is assumed that the full direct cost increase suffered by Industry will be
passed onto the consumer (which includes Households and other Industries) in the form

of higher product prices.

Whilst there is scope to justify that the direct effect of the increase in fuel tax borne by an
industry may be recouped either partially or in full depending upon the market demand
and consumer sensitivity to price changes for that industry’s product, this assumption is
still not considered to be totally realistic. Consequently, it should be noted that any results
produced where this assumption is applied will reflect an overestimate of what the true

results would be expected to be.

Importantly, and despite this failing, the models employed nevertheless at least provide a
starting point for assessing the impact of the indirect effects.

In this regard, and as was the case in the Industry chapter, three slightly different models

are utilised:
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1. The Input-Output model

- for comparability with findings from Casler & Rafiqui (1993),

- and to capture the price impacts where factors are unable to demand higher wages
to compensate them for increased product prices associated with the rise in fuel
tax

2.  The Partial SAM-based model

- to assess the impact on prices when nominal wages are increased to compensate
employees for the increase in their cost of living as a result of only the rise in
product prices associated with the initial fuel tax increase

3. The full SAM-based model

- to assess the impact on overall prices when nominal wages rise sufficiently to

maintain the original real wage of employees, as was the case prior to the fuel tax

increase.

3.2 Input-Output analysis
The Input-Output model as discussed in the methodology chapter is adapted in order to

estimate this impact.

The last term in Equation 10 has however had to be included. This is because
Households are exogenous accounts under this model, and it is the only way of including
them as part of the Input-Output model calculation that is needed in order to assess the
direct and indirect effects of the rise in fuel taxes on Industry.

In general, the methodology employed is similar to the Direct Consumption effect
calculation discussed earlier, except that, as opposed to only the direct effects, it is now
the direct and indirect effects suffered by the various industries that are now assumed to
be passed on entirely to Households. This required the inclusion of the Leontief inverse

into Equation 9 presented earlier for the calculation of the Direct Consumption effect.
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0.1 ( E) (- 4y"H)

Equation 10 %AHHE =
quation (3 T

Where

(%) is an (1 x n) vector of fuel taxes paid to Government by each Industry
divided by total expenditure for each Industry

(I-4)" is the Leontief inverse for the Input-Output model

H; is an (n x 1) vector of a particular Household’s actual expenditure on each
commodity i

HHE is Household total expenditure on all items consumed by the particular
Household

YAHHE represents the percentage change in Household total expenditure due to

direct consumption of Industry commodities

Essentially, as Industry total price impacts have been captured by the first three terms in
the calculation above, this model assesses this impact on each income Household via the
Household’s increased cost of consuming the same bundle of Industry goods/services as

before the fuel tax increase.
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3.2.1 Comparison of Input-Output results against the Direct effects results

Table 4.4
Comparison of Input-Output results against the Direct effects price impact results
Households Direct Remaining Total Direct Total
Income Consumption Input- Input-Output Effects Effects
Categories Effects Qutput Results Results
Effects
DO 0.028% 0.042% 0.070% 0.189% 0.259%
D1 0.028% 0.042% 0.070% 0.183% 0.253%
D2 0.029% 0.039% 0.068% 0.171% 0.239%
D3 0.029% 0.037% 0.066% 0.161% 0.227%
D4 0.029% 0.035% 0.064% 0.149% 0.213%
D5 0.029% 0.033% 0.062% 0.142% 0.204%
D6 0.029% 0.031% 0.060% 0.135% 0.195%
D7 0.028% 0.029% 0.057% 0.132% 0.189%
D8 0.025% 0.027% 0.052% 0.130% 0.182%
D9 0.024% 0.024% 0.048% 0.127% 0.175%

The total Consumption effects as represented by the Input-Output results above are more
than double the Direct Consumption effects results analysed earlier. Even more
interesting however, is that the Input-Output results, which because of its focus on
Industry accounts exclude the direct effects that Households suffer, are still much smaller
than these direct effects.

Including the direct effects therefore produces an overall price impact that Households
suffer according to this model. Effectively, Households are bearing the full impact of the
rise in fuel taxes in this scenario. Wages paid to factors are not adjusted at all, and
therefore employees suffer a real wage decline as their cost of living increases. As a

result of the fuel tax increase, Households now face higher product costs and increased
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direct fuel costs, but under the Input-Output model, they receive no wage increases to

compensate for these effects.

Table 4.5
Comparison of Input-Output results against the Direct effects regressivity results
Households Direct Remaining Total Direct Effects | Total
Income Consumption | Input-Output | Input-Output Results Effects
Categories Effects Effects Results
Do 1.18 1.75 1.48 1.49 1.48
D1 1.19 1.75 1.46 1.44 145
D2 1.22 1.63 1.43 1.35 1.37
D3 1.23 1.54 1.39 1.27 1.30
D4 1.24 1.46 1.34 1.17 1.22
D5 1.24 1.38 1.31 1.12 1.17
D6 1.21 1.29 1.25 1.07 1.11
D7 1.17 1.21 1.19 1.04 1.08
D8 1.07 1.13 1.09 1.02 1.04
D9 1.00 1.00 1.00 1.00 1.00

What is interesting is that once the inter-industry effects are accounted for (column 3), a
very strong regressivity emerges (Table 4.5 above). By looking only at the Direct
consumption effects one could miss the large biases against labour under this scenario.
Moreover, this could lead to incorrect conclusions being drawn with regard to the

distribution of the price impact burden across income Households.

As pointed out from Table 4.4 above, the indirect consumption effects are more than
double that of the direct consumption effects, and therefore drive the overall Input-Output
regressivity ratios more so than the direct consumption effects. Accounting for the direct
effects, which are still substantially larger than the total Input-Output results, the overall
distributional profile becomes much worse than that created when only the direct effects

and the direct consumption effects were accounted for.
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Again, it is the poorer Households that are impacted upon most negatively, and because
of the larger magnitude of the regressivity ratios overall, this negative impact is even
greater than under the direct effects and direct consumption effects scenario. Thus, in the
scenario where Households are not being compensated at all for a rise in fuel taxes, it is

the poorer Households who will suffer the greatest real wage impact.

Once more the importance of accounting for indirect effects has been highlighted with a
distributional profile changing quite significantly as more indirect effects are captured

and analysed.

3.2.2 International comparison of Input-Output results

As the Consumption effects regressivity ratios produced by Casler & Rafiqui (1993) were
found to be similar to their South African equivalent in terms of the distributional profile
of the impact across income Households, the comparability test was extended to the
Input-Output model results. From a Household point of view, this comparison reflects the
scenario wherein Households are not being compensated for the increased direct costs

and increased product prices that they suffer as a result of the fuel tax increase.

Recall though that unlike Casler & Rafiqui (1993), this study has the benefit of a SAM
database from which to develop models and draw information and therefore the
difference between the direct effects, the Direct Consumption effects (what Casler &
Rafiqui (1993) referred to as their Direct effects) and the results produced by the Input-

Output model can all be presented in a South African context.

In this simulation, the distributional profile of the Industry direct and indirect effects on
income Households are being compared to ascertain whether similar results will again be
produced. Should this be the case, then a reasonable deduction would be that the Industry
consumption patterns and economic linkages in the U.S are almost identically reflected in
South Africa. As the latter point could safely be assumed to not be the case, the results
produced in this study are closely scrutinised:
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