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Abstract

Given the growing interest in taxing sugar-sweetened beverages, this paper estimated the
effects of tax increase of sugary drinks for the Brazilian economy, focusing on the impact on
household consumption, production, employment and tax revenues of the government. In
order to identify these effects we considered productive relations of SSB sector by calculating
the forward and backward indices and employment multipliers based on the input-output
matrix of Brazil. Additionally, we used the Leontief price model incorporating the
disaggregation of household consumption vector by income decile in order to identify this
effect in a distributional perspective. The results show a tax increase applied to the soft drinks
industry generates a slight negative impact on the economy, but it reaches the expected effect:
reduction of household consumption for this product. The distributional analysis shows the

tax is clearly progressive over the decision, when measured by the compensatory variation.
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1 Introduction

The obesity affects more than 300 million people worldwide becoming the main
public health problem to be faced (James, 2008). Identified when a person has a body mass
index (BMI) greater than or equal to 30, obesity is becoming increasingly prevalent in Brazil.
Current estimates show that one in three adults is obese and about 14% of children between 5
and 9 years suffer from obesity problems in Brazil (IBGE, 2010).

Treated as an epidemic problem, obesity is associated with various aspects of social
standards, economic and behavioral, whose changes affect the dietary pattern and physical
activity of individuals'. An example is the increase in quantity and frequency of consumption
of sugar-sweetened beverages (SSB). In Brazil, the consumption of this item was present in
the feed of 1 in 5 Brazilian in 2009, and reached 25% in 2014, with an average daily
consumption of 94.7 ml/day (IBGE, 2014; IBGE, 2010).

Clinical studies suggest that consumption of this drink is associated with increased
caloric intake and significant weight gain in children and adults, in addition to increase the
following risks: diabetes type 2, coronary artery disease and osteoporosis (De Ruyter et al.,
2014; De Koning et al., 2012; Feferbaum et al, 2012; Mozaffarian et al., 2011; Chen &
Huffman, 2009; Fung et al., 2009; Gibson, 2008; Vartanian, Schwartz & BROWNELL, 2007;
Ebbeling et al., 2006; Malik et al., 2006). Furthermore, the effect of these beverages on the
weight gain is greater than that observed in any other food or beverage (Woodward-Lopez et
al., 2010).

Thus, oriented policy proposals to reduce the consumption of drinks with high sugar

content appear as an effective alternative to contain the rise in obesity. More specifically, the

' Among these, it stands out: the technological advances in food production, which contributed significantly to
increase supply of unhealthy food, and to make them cheaper; the change in the physical intensity of the work to
a more sedentary style; the stimulus to consumption resulting from advertisements (Philipson & POSNER,
2003).
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idea of taxing sugary drinks has come to prominence in the literature, in view of the role of
prices for consumption (Brownell et al., 2009; Cabrera Escobar et al., 2013; Kristensen et al.,
2014; Lustig et al., 2012). However, the application of this type of policy is poorly verified
empirically given that the evidence at the individual level is still inconclusive. Moreover,
there is a lack of evidence on the aggregate effects regarding some policies (Sharma et al.,
2014).

Most of the evidence is seen in developed countries suggesting that taxation can be an
effective measure to reduce caloric intake and thus could lead to the reduction of obesity
(Annex A). Thow et al. (2010) examine the effect of fiscal policy on diet and obesity showing
that the tax has influenced consumption in the desired direction (decrease); and that the
greater the magnitude of the tax, most significant are changes in consumption, body weight
and disease incidence.

In aggregate terms, Powell et al. (2013) found modest effects of this measure on
employment but a considerable capacity to generate revenues for investment in health
policies. Nordstrom & Thunstrém (2011) they suggest that such policies can be progressive
and can generate positive effects on the economy.

To contribute to the tax discussion of SSB and its impact, this paper aims to identify
the macroeconomic and sectoral effects of the application of a policy to combat obesity based
on increased taxation of sugary drinks. Specifically, it seeks to evaluate the effects of this
policy on: production of soft drinks and other productive sectors; aggregate consumption of
households in different income deciles; job; and government tax revenue. The analysis
considers an increase of 10% in the production cost of SSB due to a tax increase.

The main contribution of this work concerns the evaluation of the tax effects on SSB

using the methodological framework of the input-output model, more specifically in its
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dedicated version for the offer, better known as pricing model or Ghosh model (Ghosh, 1958;
Leontief, 1941, 1966; Miller & Blair, 2009).

In this model, the effect of the change in relative prices is calculated considering a
change in the cost of production inputs. Furthermore, it incorporates all the traditional
components of the input-output models, such as sectoral relations of productive activity, final
demands and cost of primary factors. From this set of information, it becomes possible to
identify aggregate effects (on production and employment) and sectoral effects. The model
also incorporates a household consumption vector disaggregated by income decile, allowing
the understanding of the effects of this policy in a distributional perspective, which is
extremely important given the inequalities in Brazil.

Besides this introduction, the article is composed of three sections. The second section
shows a description of the selected methodology and its context to the problem under study;
in section 3, the results are presented and described; finally, section 4 concludes and points

out the main implications of the work.

2 Methodology

The proposed methodology enables to access the economic impacts of a tax on SSB.
The starting point is to construct an input-output matrix (IOM) which includes SSB’s as a
productive sector connected by input and output linkages with the rest of the economy. For
this analysis we used Brazilian Tables of Resources and Uses for 2009. The original data was
provided by the Brazilian Institute of Geography and Statistics (Instituto Brasileiro de
Geografia e Estatistica, abbreviated as IBGE), and transformed into an IOM according to the
procedures described in Guilhoto et al. (2005, 2010). This matrix contains information about

56 industries and 110 commodities.
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To construct the specific information on SSB’s we used two different data sources:
Annual Industrial Survey (Pesquisa Industrial Annual, abbreviated as PIA) for the year of
2009, and Consumer Expenditure Survey (Pesquisa de Orcamento Familiar, abbreviated as
POF) for the years of 2008-2009. Using this information, the sector of SSB’s was separated
from other beverages and food in terms of production and consumption. Therefore, our initial
matrix has 58 industries and 111 commodities.

From this data, the input output model is a linear system of equations describing the
economic system. The basic equation of the IO model, according to Miller and Blair (2009),
can be expressed by equation 1:

x=Z+f (1)
where x is a vector of total output by industry, Z is the intermediate input matrix that
represents the economic flows between industries, and ! is the vector of final demand by
industry. Then, the technical coefficient matrix is given by:

AV Zzt (2)
where each element of ! = a;; shows the amount industry i product used as intermediate
input by industry j. Therefore, the model's solution can be represented as.

x=(-A)1f 3)
where (! ! A)~1 is the total impact matrix, called the Leontief Inverse matrix.

In this model all flows between industries are monetary and prices are fixed at the base year
value. However, to estimate a tax effect, we are basically changing the production cost, that
affects prices directly. Traditionally, in the input-output literature has two solutions: Ghosh
model (1958) and Leontief price model (1941, 1946)%. In this paper, we adopted the latter

one, which assumes that variations in production costs are converted into price increases.

* It is important to highlight, however, according to Miller & Blair (2009), that both models produce the same
results. For different interpretations of Ghosh model, see Dietzenbacher (1997), Oosterhaven (1996) and De
Mesnard (2009).



OBESITY AND TAXES ON SUGAR-SWEETENED BEVERAGES 6

Thus, initially, industrial output x is equal to the sum of inputs cost to the value added v
components.

x'1 i'AX + ! 4)

Post-multiplying equation (4) by ™ ', it follows that:

A+t (5)
Giving ! ! (!'! A)'' and assuming that the price is equal to the production cost so that
I'1' p,, the price index for the base year is given by:

=11t (6)

To impose a tax on sugar-sweetened beverages, we need a vector T, that is calculated
according to value added in this sector as:

Lo (7)
where ¢ is the tax rate and ! is a vector indicating the SSB industry. Therefore, using
7! I the adjusted prices vector (!, ) can be calculated as:

p*="!wx' 1 1) (8)

Following Gemechu et al. (2014), if the monetary values of sectoral output are held

constant, before and after tax, then the sectoral output becomes:

=2 9)

Therefore, the impact on the price index () is given by:

YR (10)

where a; is the share which industry ! production represents in total output. The government
revenue with new tax was estimated as:
R = px* (11)
Assuming households maximize their utilities using a Leontief function, and their

income and savings are unchanged, none of each representative household could afford the
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same basket of goods. Therefore, using price changes derived from the model, it is possible to
calculate the income variation necessary to compensate households for the welfare loss.
Formally, household welfare change (Awy,) for decile k is the following:

Awp b itep) b Gl !?) (12)

where c;;, 1s the quantity consumed by decile k from industry i.

3 Results

The network representation of the input-output matrix (Figure 1) shows the important
activities of the Brazilian economy concerning the number of interactions or direct
connections between sectors. Regarding the SSB, the corresponding vertex (7) has a relatively
small size, its color shows little sharp and the connections are relatively significant, judging
by the thickness of its connecting lines. This indicates little influence of the sector in the

economy, since it has little productive connection with other sectors’.

[FIGURE 1 HERE]

Considering these connections, the simulation of a tax increase of 10% on the value
added of sugary drinks shows the contraction of the sector itself at 3.96% due to rise of 4.13%
in the final price of these drinks. The other sectors are less affected as their prices are
impacted indirectly via inter-sectoral relations as shown in Figure 2. As expected, sectors with
strong input-output relations with the target sector were also affected, but in smaller
proportions. In terms of production, this is the case of other beverages (-0.215%), food
services (with an estimated drop in production of 0.211%) and accommodation services
(-0.037%). The sum of these variations results in a decrease of 0.0196% in the total output of
the economy, as well as a rise of 0.0201% in prices.

[FIGURE 2 HERE]

® The identification of other sectors can be seen in Annex B.
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Concerning to employment, the economy loses 14,699 jobs, among which 22.71%
occur in the sector itself, and the remaining in sectors directly related to the SSB or sectors
related to food and drinks in general. Due to the high intensity of labor usage, and the deep
connection with SSB sector, food services losses 9.093, or 61.86% of total losses. These
losses were calculated by employment coefficients, and they are directly linked to changes in
the estimated sector production after the introduction of the tax. Figure 3, resumes sectorial
information.

[FIGURE 3 HERE]

Another important result is the compensatory change in well-being of families.
According to the model assumptions, introducing a tax increases production costs and hence
the price. Thus, with the same budget constraint and assuming families do not change your
preferences immediately after the change in relative prices, it necessarily occurs a loss of
well-being for all family types as shown in Figure 4.

[FIGURE 4 HERE]

The values represent the monetary values that the families of each decile would
receive to be offset by the welfare loss, so that they could continue to buy the same products
after previous change in prices. The distribution is clearly progressive over the decision. In
other words, the highest deciles of income distribution are those that lose more with taxation.
This occurs because these are the major consumers of SSB in Brazilian population in terms of
gross expenditure, even though the participation of sugary drinks in total household
expenditure is decreasing along the income distribution, as shown in Figure 5.

[FIGURE 5 HERE]
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With the tax increase, it is estimated an increase in government revenue at BR$
810,584 thousand. If this value were used directly in obesity prevention actions it could

contribute to increase the effectiveness of this policy and to reduce obesity.

4 Final Remarks

This paper estimated the effects of tax increase of sugary drinks for the Brazilian
economy, focusing on the impact on household consumption, production, employment and
tax revenues of the government. In order to identify these effects we considered productive
relations of SSB sector by calculating the forward and backward indices and employment
multipliers based on the input-output matrix of Brazil. Additionally, we used the Leontief
price model incorporating the desagregation of household consumption vector in order to
identify this effect for different income groups.

The main conclusion of this study is that a tax increase applied to the soft drinks
industry generates negative impacts on the economy, but it reaches the expected effect:
reduction of household consumption for this product. Considering an additional tax of 10%, it
was identified a little reduction in aggregate output given that 1) the sector has few
intersectoral relations, 2) it is intended to meet final demand and 3) it has small share in the
total economy. However, the increase in tax would significantly reduce the consumption of
sugary drinks in the short term. These results reflect the short-term effect of rising prices on
the economy. Over time, it is expected that raising the price would change the consumption
profile of families and that they would further reduce the sugary drinks consumption.

The model results also showed the direct increase of more than 810 million in
government revenue that could be used in the prevention of obesity and contribute further to
contain the epidemic progress of this disease. In summary, the results show that the tax on

sugary drinks have a significant impact on consumption in the desired direction and in the
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capability of revenue generation, but without generating harmful results in terms of aggregate
employment and production.

This analysis has limitations arising from the assumptions made in constructing the
model. The first is that the increase in prices is assumed to come from a full transfer of a tax
increase, which depends on the price elasticity of the product. The same effect could be
achieved if there were increased costs due to increases in the cost of inputs, for example.
Additionally, the model does not allow the specification or the distinction of the effects
obtained by increasing specific taxes such as IPI and PIS/Confins. However, such limitations
do not invalidate but complement the results obtained here. These in turn allow us to identify
the effects of this policy in a broader way, leaving future works to investigate these

differences.
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Figure 1 — Representation of Input-Output Matrix

Source: The authors.
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Figure 2 — Results on production and prices for selected sectors*
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Figure 3 — Results on employment (number of jobs) for selected sectors*
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Figure 4 — Compensatory variation of welfare by decile of per capita income (in millions

of Reais)
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Expenditure at 2009 prices (in Reais)

Figure 5 — Expenditure on SSB per decile of per capita income
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