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Abstract

Taxes on unhealthy foods and sweetened beverages, as well as subsidies to healthy foods,
have become increasingly popular strategies to curb obesity. The existing evidence on the wel-
fare effects of fiscal policies is mixed and almost uniquely focused on tax schemes. Using the
2016-2017 Household Budget Survey in Chile, we estimate an Exact Affine Stone Index (EASI)
incomplete demand system and simulated changes in purchases, tax incidence and consumer
welfare of three different policy scenarios: (1) an 18% tax on unhealthy food and sweetened
beverages, (2) a subsidy defined as zero-rating fruits and vegetables from the current 19%
value-added tax, and (3) a combined (tax and subsidy) policy. The combined scheme cap-
tures the incentives to switch purchases from both single-policy alternatives, creating almost
no change in government revenue. In terms of welfare, low income households strictly benefit
from a combined policy, while high income households experience a loss of consumer welfare,
thus generating significant re-distributional effects.
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1 Introduction

The global prevalence of obesity has increased dramatically since 1980 (Ng et al. 2014). More
than one in two adults and nearly one in six children are overweight or obese in the OECD area
(OECD, 2017), with increased risk of several non-communicable diseases (Malik et al. 2010; Stan-
hope 2012). In response to the obesity crisis, governments have become increasingly interested on
implementing fiscal policies to curb unhealthy food consumption. In recent years, over 40 locations
including the United Kingdom, Saudi Arabia, Mexico, Finland, France, Chile, Peru, Ireland, South
Africa and other countries and cities across the U.S. have implemented or modified the prevail-
ing taxes on sweetened beverages or added sugar (WCRFI 2018). During the same period, other
countries or states have discussed and/or implemented taxes on saturated fat or unhealthy foods,
including Mexico (Batis et al. 2016), Denmark (Smed, Jensen, and Denver 2005), Japan and the
state of Kerala in India (Strnad 2004). Moreover, countries such as Hungary, has opted for a broader
taxation scheme referred to as the public health product tax, which levies a tax over a wider range
of unhealthy foods (Bíró 2015). In addition, governments have also explored subsidies and/or tax
earmarking options, such as the European Union subsidy scheme to provide free fruit and vegeta-
bles to children in schools, established in 2008 (WHO, 2015). Similarly, India and Egypt (among
other countries) subsidize several healthy food groups, including pulses and other staple foods.

To date, most of the debate around food-related fiscal policies has focused on estimating their poten-
tial to change purchasing patterns towards improved nutritional health, based on simulated models
or empirical evaluations. Simulations often estimate price elasticity of demand for different food
groups and then project changes in purchases in response to different fiscal policy scenarios. Some
studies also include potential health effects at the population level; changes in body mass index
(BMI), prevalence of cardiovascular diseases (CVDs), prevalence of obesity and/or health care
cost savings (Anand et al. 2015; Andreyeva, Long, and Brownell 2010; Smed and Jensen 2005;
Nnoaham et al. 2009a). Fewer articles have extended the analysis to estimate the consumer and
producer welfare effects of such food policies (Zhen et al. 2013; Allais, Etilé, and Lecocq 2015;
Madden 2015; Thiele 2010). However, despite the growing interest in combined fiscal policies (i.e.
implementing simultaneously taxes on unhealthy foods and subsidies on healthy foods), the het-
erogeneous effects on purchases and consumer welfare of such combined schemes remains unclear
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(Sassi et al. 2018; Powell et al. 2013; Thow, Downs, and Jan 2014). Few studies have measured
the health effects of combined fiscal policies, although providing limited evidence regarding the
distribution of changes in welfare (Kotakorpi et al. 2012; Tiffin and Arnoult 2011; Nnoaham et al.
2009a). Theoretically, the combination of food taxes and subsidies can have substantial impacts on
average household purchases while minimizing welfare losses, relative to a tax only scenario. How-
ever, due to variation in price sensitiveness and mean consumption across socioeconomic groups,
the distributional welfare effects of combined fiscal policies remain as an empirical question. From
a public policy perspective, estimating welfare effects across different sub-populations (by income,
for example) is essential to the discussion on tax equity and political feasibility.

This study builds on previous evidence by measuring the joint effect of food-based, health-oriented
combined fiscal reform on household purchases and consumer welfare across different socioeco-
nomic groups. A combined food policy scheme could boost the difference in relative prices between
healthy and unhealthy foods, while reducing the consumer welfare loss. Although we estimate
changes in purchases across all food groups, our focus is to measure the change in consumer wel-
fare due to a combined policy, in comparison to two similar policies: a tax on unhealthy foods
and a subsidy on healthy foods. For this purpose, we estimate the compensated variation for each
household. This is to say, how much income a household would need to receive (or give away) in
order for them to maintain the same level of welfare than before policy implementation.

Chile is a compelling case study for several reasons. First, as a recently declared high-income
country, Chile experienced a rapid raise in disposable income in the last decades, therefore policy
analysis can be informative for many middle and high income countries. Second, Chile has a high
prevalence of obesity (34.4% among population 15 years and older in 2016) and type 2 diabetes
(12.3% in 2016) (MINSAL 2017). Third, Chile recently introduced a comprehensive suite of reg-
ulations around food labeling on the front-of-package, restrictions of food marketing to children
and an adjustment to taxation of beverages based on sugar content (Corvalán et al. 2013). Finally,
the prevalence of obesity and related chronic diseases have been found to be higher among lower
socio-economic status individuals, proxied by educational attainment (MINSAL 2017). Therefore,
fiscal policies that discourage consumption of unhealthier options an/or encourage consumption of
healthier options might benefit lower-income households to a larger extent.
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We use the Chilean Household Budget Survey (2016-2017) to analyze the impact of three relevant
fiscal policies in order to present results in context. First, a 18% tax on sweetened beverages (SBs)
and unhealthy foods (which includes sweet and salty snacks and desserts). This scheme uses the
current Chilean SB tax to expand to other food groups. Second, we considered a healthy subsidy
by zero-rating fruits, vegetables, and seafood from the current 19% value-added tax (VAT). Finally,
we simulate the combination of both of these strategies. To simulate each scenario, we require food
demand estimates. As such, we implement an incomplete censored demand system to determine
households’ own and cross-price elasticities of demand for several food groups. In particular, we
estimate an Exact Affine Stone Index (EASI) implicit Marshallian demand system, introduced by
Lewbel and Pendakur (2009). This demand system approach has two clear advantages for welfare
estimation: Engel curves are not limited by functional form restrictions and error terms can be in-
terpreted as consumer heterogeneity, similar to random effects. As noted in previous studies, Engel
curves vary significantly in shape across different food groups. Ignoring such heterogeneity can
cause important deviations on consumer welfare calculation. Moreover, while ignoring household
unobserved heterogeneity does not significantly affect estimated parameters, it can have substantial
impact on welfare estimates (Lewbel and Pendakur 2009; Zhen et al. 2013).

We find that using the full sample, the combined policy increases household fruit and vegetables
purchases by 7.4 kilograms per month, decreases unhealthy food purchases by 2 kilograms per
month, and reduce sweetened beverage purchases by 1.5 liters per month. The combined policy
creates an average welfare gain of USD 2.35 per month per household (0.09% of monthly income).
Taxes and subsidies produce meaningful changes in household food purchases in the expected di-
rection, where the larger changes, in absolute terms, occur among higher income households (fifth
quintile), but there is no significant difference in consumer response between low (first quintile)
and high (fifth quintile) income households in relative terms (i.e., proportional to baseline house-
hold consumption). The combined policy is estimated to create welfare transfers from high income
households (USD 4.58 per month or 0.06% of monthly income) to low income households (USD
1.65 per month or 0.29% of monthly income). As governments develop a stronger interest in fis-
cal policies to promote healthier purchases, we highlight the importance of considering combined
strategies to address nutrition-related chronic diseases, not only to maximize the potential effects
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on consumer behavior, but also to mitigate welfare inequalities.

This article is organized as follows. Section 2 provides background on studies to date on fiscal poli-
cies on food purchases and consumer welfare, Section 3 describes the data and methods, Section 4
presents the results, and Section 5 discusses the findings and their policy implications.

2 Fiscal policies, food purchases and consumer welfare

Despite current widespread adoption, food- or nutrient-based fiscal policies remain controversial
means to curb obesity and nutrition-related chronic disease trends. From an economic perspective,
price incentives can be justified as a way to internalize the externalities due to obesity and related
chronic diseases on the health care system (Griffith et al. 2016; Brownell et al. 2009). Individuals
with obesity have larger risk of chronic diseases such as cardio-vascular diseases and diabetes that
lead to higher health care costs, driving up average prices for medical services (Seuring, Archange-
lidi, and Suhrcke 2015; Finkelstein EA, Brown DS, and Popkin BM 2007). Obesity and related
chronic diseases also generate indirect costs through lower labor market productivity due to lower
labor force participation and amount worked by individuals as well as their caregivers (Finkelstein,
Fiebelkorn, and Wang 2005). Fiscal policies targeting certain foods or nutrients have also been
argued as instruments to facilitate individuals to address internalities, i.e. the long-term individual
costs associated to current poor nutritional diet(O’Donoghue and Rabin 2006). Food and bever-
age taxation, particularly tax schemes based on the amount of critical nutrients of concern (such
as sugar, sodium or saturated fats) per unit of volume or weight, can create incentives for product
reformulation, improving the average nutritional quality of the food supply (Hawkes et al. 2015).
Finally, additional fiscal revenues from taxes can be used to fund public health initiatives (Capacci
and Mazzocchi 2011) and to compensate for undesired distributional effects from such policies
(Sassi et al. 2018).

A key element of the global trend on food and beverage taxation is the emphasis on a rigorous
evidence-based approach (WCRFI 2018; Hawkes et al. 2017). Such evidence often is translated on
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estimated changes on average household purchases, based on simulated models or empirical eval-
uations. Few articles have extended the analysis to estimate the economic welfare effects of food
policies, with mixed results. Yaniv, Rosin, and Tobol (2009), have developed a theoretical model
that simulates a joint policy: taxes on unhealthy food and subsidies for food inputs (under the as-
sumption that healthy foods are often cooked, thus also requiring time inputs). Authors find that
such a strategy could decrease welfare for healthier individuals with a higher opportunity cost of
time. Lusk and Schroeter (2012) derived a simple model for high versus low calorie food demand,
with utility explicitly depending on weight and physical activity. Based on their assumptions and
previous results from other studies, they have concluded that for taxes to be welfare-increasing, the
willingness to pay for weight reduction is remarkably high, around $1,500 per pound lost. How-
ever, this result depends strongly on the stability of the relationship between price increases and
weight loss, which may vary depending on the tax size. Miao, Beghin, and Jensen (2013) have
estimated welfare implications in a structural framework, aiming to calculate both consumer and
producer welfare changes between a sales tax versus taxing inputs (e.g., sugar). They have found
that taxing sweetener inputs is more efficient (lower surplus loss) than a sales tax, although strictly
welfare reducing for consumers, as expected. On a similar note, Harding and Lovenheim (2017)
have demonstrated that nutrient-specific taxes are likely to produce lower welfare losses, given the
larger tax base, compared to product-specific taxes. In relation to alternative policies, Allais, Etilé,
and Lecocq (2015) have determined that mandatory labelling has a substantial differential effect on
both welfare and purchases, compared to fat taxes. To date, there is only study to date that explores
the potential joint benefits of combining subsidies and taxes, reporting significantly larger health
effects (compared to single policy strategies) but it does not present estimated changes in economic
welfare (Härkänen et al. 2014).

In terms of heterogeneity on welfare effects by income sub-groups, Chouinard et al. (2007) have
reported a large welfare variation in low income households when fat taxes are applied to dairy prod-
ucts; however, their analysis ignores substitutions and complementarities with other food groups.
Nnoaham et al. (2009a) shows that combined tax and subsidy policies to promote healthy diets
are regressive, based on data from the United Kingdom. However, this study does not recognize
that households from different income levels can have different underlying preferences. Zhen et al.
(2013) have revealed that SSB taxes would affect low income households disproportionately in the
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United States, in a context where low income households are also the high-consumer group. This
is consistent with high-consumers being less sensitive to prices but displaying larger absolute de-
creases compared to average consumers when facing a tax schedule (Etilé and Sharma 2015). In
France, results based on simulation models indicate that taxing products high in sugar and fat are
consistent with U.S. evidence (Allais, Etilé, and Lecocq 2015). Madden (2015) has also reported
heterogeneous welfare effects for the different simulated policies, although using a fairly broad cat-
egorization of food products. In sum, welfare changes across socioeconomic sub-groups depend
not only on price elasticity of demand but also on the initial level of consumption.

Whether low-income households are more or less sensitive to prices in the case of unhealthy foods
and sweetened beverages is rather unclear, although evidence from middle income countries sug-
gests low socioeconomic (SES) households are more responsive to taxes (Colchero, Molina, and
Guerrero-López 2017). Evidence for Germany also suggests that fat taxes creates a higher burden
on low income households more strongly, despite reporting larger price elasticity (Thiele 2010).
A major limitation of the aforementioned studies is the strong restriction on Engel curves to be
linear, which has been shown to have a strong impact on demand system estimates (Lewbel and
Pendakur 2009). Finally, Muller et al. (2017) have provided experimental evidence suggesting that
low income households face smaller price reductions due to taxes than high income households
and perceive less benefits from the taxes, due to both an unhealthier pre-tax base consumption and
because of their lower responsiveness to the price changes.

We contribute to the previous literature, by examining the heterogeneous welfare effects of com-
bined (subsidy and tax) policies, using a demand system approach that allows for larger flexibility
on the relationship between income and purchases. We estimate the demand system at each quintile
of the income distribution separately, to recognize that different income groups might have different
underlying preferences for foods and beverages. Our focus on combined policies lie in their poten-
tial to achieve average consumer welfare neutrality while creating a larger relative price differential,
thus inducing a joint effect to reduce unhealthy and increase healthy purchases. As mentioned, we
use an incomplete demand system approach, to recognize the importance of substitutions and com-
plementarities across food groups. This is critical, since previous evidence suggests that households
with a strong taste for sugar are expected to substitute SB with other sweet energy-dense foods (Caro
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et al. 2017; Griffith et al. 2016; Zhen et al. 2013).

3 Data and Methods

In order to simulate different policy scenarios, we need to estimate structural demand parameters.
In particular, we estimate an Exact Affine Stone Index (EASI) demand system, introduced by Lew-
bel and Pendakur (2009). The EASI demand system has significant advantages over other demand
system models. First, it allows Engel curves of any order, not being subject to the rank three limita-
tion discussed by Gorman (1981)1. Previous evidence shows that, in general, Engel curves are quite
non-linear, and therefore imposing strong functional form restrictions can have significant effects
on estimates of consumer demand (Zhen et al. 2013). Second, since the EASI demand system is
based on cost functions, welfare calculations are quite straightforward. Finally, error terms in the
model can be interpreted as unobserved consumer heterogeneity, similarly to random effects, which
has been proven to significantly affect welfare calculations(Lewbel and Pendakur 2009).

3.1 2016-2017 Household Budget Survey

In our analysis, we used the 2016-2017 Household Income and Budget Survey (EPF, Spanish
acronym), which is an income and expenditure survey conducted by the National Institute of Statis-
tics (INE, Spanish acronym) in Chile (INE). This survey is conducted every five years in major
urban areas, representing 74% of the urban population. The EPF contains information regarding
quantities and expenditure on all items used to construct the Consumer Price Index weights, and
also reports socioeconomic and demographic information of the households (used to define poverty
lines, among other applications). The EPS has a probabilistic, stratified, two stage sample design.
The total sample size is 15,239 households. After excluding households with incomplete survey
information, our analytic sample includes 15,184 households. There are two representative zones

1Gorman’s rank restriction: no matter how many Engel curves are in the model, they must be expressed as linear
combinations of at most three functions of expenditure.
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identified in the survey: main capital (Santiago) and rest of the country. Food expenses are classi-
fied into food to be prepared and/or consumed at home, and food away from home. For the foods
consumed at home, data includes name of the food item, expenditure, quantity and place of pur-
chase2.

[Table1 around here]

Table 1 shows the descriptive statistics for the full sample as well as for low and high income house-
holds. Hereon, low and high income refers to first and fifth quintile of income, respectively. 3 Low
income households have a median income of 578 US dollars per month and mid-high income house-
holds have a median income of 7,762 US dollars per month (average exchange rate in the period:
660 CLP = 1 US), this is an income quintile ratio of 13.4. The large disparities across households
highlights the importance of estimating household heterogeneous response in purchases, tax burden
(or subsidy transfer) and welfare effects.

[Table 2 around here]

To estimate the demand system we divided food purchases into 11 groups that combine food prod-
ucts with similar nutritional content: (1) fruits, (2) vegetables, (3) carbohydrates, (4) sweets, desserts
and salty snacks, (5) seafood, (6) poultry and red meats, (7) animal and vegetable fats, (8) dairy
products, (9) (sugary and artificially) sweetened beverages , (10) coffee, tea and water, and (11) a
numeraire good which includes all other foods consumed at home (condiments, for example) and
foods away from home. Table 2 reports the descriptive statistics of the 11 food groups per house-
hold income group. For each household group, we reported the expenditure, unit values, quantity
(in kilograms or liters), budget share, and share of zeros in purchases. To some extent, unit val-
ues can provide a proxy of relative quality across households, as well as differences in purchase
place and package size. The share of zeros corresponds to the proportion of households that does
not spend on a specific food group. High income households spend more on every food group,

2In some cases products that are registered by unit instead of volume or weight, INE impute quantities using the
method of implicit prices. INE also corrects both expenditure and quantities for seasonal variation at the time the data
was collected.

3Income distribution was calculated using nationally representative weights. As a result, sub-samples do not con-
tain the same number of observations.
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consume higher quantities, have a lower share of zeros and a higher unit value than low income
households. We found that all variables have a significant statistical difference between the two
income groups (note that, on average, high income households also have larger size). The only
exceptions were the quantity purchased of carbohydrates and the budget share of poultry and red
meat, and animal and vegetable fats.

3.2 Empirical Model

The EASI demand system is based on standard consumer theory, assuming that households max-
imize their utility subject to a linear budget constraint and face J vector of prices p = [p1, ..., pj].
The household has a total expenditure x after choosing a bundle of goods that is described by the
J-vector of budget shares w = [w1, ...wj]. Therefore, let x = C(p, u) be the cost function that
provides the minimum nominal total expenditure to attain a utility level u, given prices p. These
implicit Marshallian demands are hybrid demand functions of Marshallian and Hicksian demands
that provide a direct approximation of household utility level as a function of observables. This
way, we have been able to estimate the trade-off between income, price changes and utility. The
model (its budget share form) is specified as follows:

wj =
R∑

r=1

bjr(y)
r +

T∑
t=1

gjt zt +
J∑

k=1

ajklnpk + εj (1)

where wj is the budget share of good j, y is the implicit utility defined in equation 2, zj is a vector
of the households demographic characteristics, lnpk is the index price log of good k and εj is a
vector of unobserved preference or heterogeneity parameters. Finally, bjr, g

j
t and ajk are parameters

to be estimated, where bjr defines the shape of the Engel curve and R is the highest order of the
polynomial y (third order, in our case). The implicit utility y is a log-money-metric representation
of utility for a unit price vector4 and is given by:

4Utility is equivalent to an affine function of the log of expenditure deflacted by the Stone Index. The Stone Index
given by

∏J
j=1(p

j)w
j

is the exact deflactor that converts nominal expenditure x into real expenditures exp(y), provided
that we could call y the log real expenditure
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y = lnx−
J∑

j=1

wjlnpj + 0.5
J∑

j=1

K∑
k=1

ajklnpjlnpk (2)

Standard demand restrictions such as adding up, homogeneity and symmetry were imposed in the
EASI model. Symmetry implies ajk = akj , while homogeneity requires

∑J
k=1 a

jk = 0 for all j.
As a result, we were able to produce a complete elasticity matrix per household. This allows us to
have a distribution of elasticity estimates across households.

3.3 Endogeneity, price indexes and censoring

Implicit Marshallian demands have the dependent variable on both sides of the equation, which
leads to endogeneity. This econometric problem is solved via instrumental variables. These instru-
mental variables, as suggested by Pendakur (2009), are functions of expenditure, prices and demo-
graphic variables, which are considered to be exogenous in this framework. However, as noted in
previous studies, prices are not directly observed in this survey, rather unit values are constructed as
proxy for prices, by dividing expenditure on quantity for each purchase (Caro et al. 2017). Due to
the survey design, we do not have the required information to control for price endogeneity. There-
fore, we exclude unit values as valid instruments in our estimation.

Another aspect to take into account is how price indexes are built, since price is only observed
in households that purchase each specific good. To solve this, we have defined ten clusters based
on income quintile and location (inside/outside the metropolitan region). First, we calculated the
unit value (food group expenditure divided by its corresponding quantity) for the households that
reported purchases. We replaced households with zero expenditure (households that did not report
purchases for a specific food group) with the mean unit value of the cluster. We have assumed that
households that do not report spending on a food group face a price that corresponds to the mean
unit value of the cluster to which they belong, therefore unit values were imputed based on such
rule. Finally, we winsorized extreme values (percentiles one and ninety-nine).
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The original model specification by Lewbel and Pendakur (2009) does not take censored data into
account. Since we are using cross sectional data at the household level and want to have a relatively
large number of food groups in order to only aggregate similar food items, we needed to handle
censored data. We have used the two-step approach developed by Heien and Wesseils (1990).
The first step involves the estimation of a probit model describing the sample selection. Estimates
from the probit model are used to calculate the inverse mills ratio (IMR) defined as the ratio of the
probability density function to the cumulative distribution function for the budget share distribution
of each food group. In the second step, estimates of the parameters of interest are obtained using a
modified version of the EASI demand model, defined as:

wi
j =

R∑
r=1

bjr(y)
r +

T∑
t=1

gjt zt +
J∑

k=1

ajklnpk + δjIMRj + ξj, (3)

where ξj is the random error term with unknown distribution.

3.4 Estimation and simulation procedure

Following Pendakur (2008) we estimated the system of equations using an iterated linear method,
given the sample size restrictions. This method can be described by the following steps:

1. Choose starting values for parameters ajk to compute y0 and select convergence criteria.

2. Estimate the linear system of equations in model defined by equation (3) by three-stage least
squares. This step allows to instrument for endogeneity of budget shares as well as imposing
symmetry and homogeneity.

3. Compute yn using the estimated parameters in the previous step (n denotes the iteration num-
ber)

4. Repeat the previous steps, updating n until converge over y is achieved (based on the dis-
tance between yn and yn−1 over all observations). Retain final estimated parameters once
convergence is achieved.

Using the estimated parameters, we estimate average demand elasticities for all households and we
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use them to compute changes in the quantity demanded and tax burden (or subsidy transfer) for
each of the ten food groups under each of the three fiscal policy scenarios. Finally, we computed
the compensated variation for the household with median demographic characteristics under each
policy scenario, which corresponds to the income that a household needs to receive in order to re-
turn to the original utility level after a price change. Standard errors are obtained via bootstrap, with
500 repetitions (see Appendix 6.2 for more details about the methodology). Using equivalences of
scale, we predicted the welfare effect for the remaining households in the sample, in relation to the
median household (this is the household with median demographic characteristics). The equiva-
lence scale can be defined as a measure of the cost of living of a household of a given size and
demographic composition, relative to the cost of living of a reference household, when both house-
holds attain the same level of utility or standard of living (Lewbel and Pendakur 2006).

3.5 Simulation scenarios

The EASI model above helps us to predict the quantity demanded change after a price change. We
estimate changes in quantities, tax burden and consumer welfare for three policy scenarios. Policy
1 corresponds to a tax of 18% on sweets and desserts, salty snacks and chips (unhealthy foods) and
SBs. At the time of the data collection, while unhealthy foods remained untaxed, SBs were already
under a 10-18% specific tax depending on their sugar content. Based on reported average purchases
by Caro et al. (2017), we estimate that SBs overall require 4 additional percent points 5. Policy 2
corresponds to exempting the existing 19% VAT from fruits and vegetables. The VAT is currently
applied to all foods in general. We choose this approach as previous evidence notes that zero-rating
goods is more effective to induce changes in retail prices compared to a tax exemption (“Zero-
rating versus Cash Transfers under the VAT”). Finally, policy 3 corresponds to the combination of
policies 1 and 2. We assume that price changes due to these fiscal policies are fully transferred to
consumers, however we present sensitivity analysis to this assumption in the Appendix.

We chose these policy scenarios with the aim of attaining more realistic values that could be infor-
mative for policy. Our first scenario is equivalent to extend the current tax rate on sugary beverages

5Purchase data in the EPF survey does not distinguish between sugary and artificially sweetened beverages
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(SBs) in Chile (those with more than 6.25 grams per 100 milliliter) to unhealthy foods and other
SBs. Unhealthy foods, similar to SBs, has been point out as a leading obesity determinant (Caro et
al., 2017). Our second policy represents a net reduction on the price for healthy foods (fruits and
vegetables), which has been proposed before in other studies (Härkänen et al. 2014; Nnoaham et al.
2009a). This scenario is consistent with evidence that most households do not meet the dietary
guidelines for consumption of fruits and vegetables (MINSAL 2017).

4 Results

Using the estimated parameters from the EASI demand model for the full sample and each income
quintile, we calculated the matrix of own-price and cross-price elasticities by food group. Appendix
Table 5 presents the mean elasticities for the full sample. As expected, own price elasticities have a
negative sign and cross-price elasticities were significant in most cases, particularly for the groups
subject to policy simulation scenarios. Using the estimated elasticities, we computed the purchase
variation for each group subject to each policy, measured as kilograms (or liters) per household,
per month6.

[Figure 1 around here]

Appendix Tables 5, 6 and 7 report the own-price and cross-price elasticities for the full sample, low
and high income households respectively. In general we find that low income households have larger
own-price demand elasticities (in absolute terms) compared to high income households, which is
consistent with the literature. However, in terms of absolute changes in purchases across the food
groups, our policy scenarios predict greater changes among high income households compared to
low income households. The latter occurs because high income households have a larger baseline
purchase quantity. Nonetheless, changes in relative terms are very similar, which is consistent with

6In this study we are not discussing the change in purchases for food categories not subject to fiscal policy changes.
Dharmasena and Capps (2012) and Caro et al. (2017) have shown that increased purchases in other food groups could
compensate the total reduction of sugar consumption. A simple analysis of our elasticity estimates indicate that calories
from other sources will increase, but not in enough magnitude to overcome the positive effects of the simulated policies
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very small differences in estimated elasticities across food groups.

Estimated changes in purchases are shown in Figure 1 and Appendix Table 4. Our estimates reveal
that an 18% tax on unhealthy foods and beverages (Policy 1) would lead to an overall purchase de-
crease of 1.8 kg per household/month of sweets and salty snacks and 0.9 liters per households/month
of sweetened beverages. There is also a substitution towards higher fruit purchases (+0.14 kg per
household/month) and vegetable purchases (+0.47 kg per household/month) and dairies purchases
(+0.25kg per household/month). A fruit and vegetable VAT zero-rating would lead to an overall
increase of 1.6 kilograms of fruits and 5.1 kilograms of vegetables, with a decrease in sweets and
snacks purchases (-0.18 kilograms per household/month) and SB purchases (-0.56 liters per house-
hold/month). Finally, the combined policy incorporates both effects, almost in an additive fashion,
as expected in a model linear in prices. Thus, increases in fruit purchase are estimated to be +1.8
kilograms, vegetable purchase increases are estimated to be +5.6 kilograms, while sweet and snack
purchases are estimated to fall by nearly 2 kg and SB purchases would decline by 1.5 liters per
household/month.

Tax burden and welfare changes from different policies, under the baseline price pass-through sce-
nario (100%), are presented in Table 3. The size of the tax burden and subsidy transfer from policies
1 and 2 are not statistically different. As a result, the combined policy is virtually revenue neutral.
In terms of welfare, households have a much larger change in compensated variation from the sub-
sidies, compared to the tax scheme, and therefore the combined policy results in a net gain for the
average household (near to 0.1% of monthly income). As expected, a tax policy would lead to an
average household tax burden significantly smaller than the welfare change in absolute terms. Im-
plicitly, the difference is due to the dead weight loss of taxation.

[Table 3 around here]

Figures 2, 3 and Appendix Table 8 presents the estimated changes in tax burden and compensated
variation for each quintile of the income distribution. There is significant heterogeneity in tax bur-
den of a 18% tax on unhealthy food and SB between low and high income households. The lowest
income (quintile 1) households report a much larger tax burden relative to income, than highest in-
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come (quintile 5) households (1.1% versus 0.4%). In the case of a 19% VAT reduction on fruits and
vegetables, high income households would capture a smaller subsidy transfer (relative to income),
than low income households (0.3% versus 1.1%). Finally, in the case of the combined policy sim-
ulation, we found that low income households receive a subsidy of 0.39% of income, while high
income households face a negligible net cost of the policy (0.05% of income). In terms of welfare,
a tax policy will put a lower welfare cost to high compared to low income households, relative to
their average monthly income (0.24% versus 0.76%). In the case of the subsidy schedule, low in-
come households receive a larger welfare benefit as a share of their income (1.05% versus 0.18%)
compared to high income households). Finally, the combined policy will create welfare transfers
from high income households (net welfare reduction of 0.06% income) to low income households
(net welfare gain of 0.29% income). Moreover, the richest 40% of households experience a welfare
loss from the combined policy, while poorest 40% experience a welfare gain from the combined
policy. Households in the average of the income distribution do not experience significant change
in welfare.

[Figure 2 around here]

[Figure 3 around here]

Finally, we report the results of our robustness checks and sensitivity analysis. We did not find rele-
vant differences in the estimated parameters after comparing the results with and without unit value
imputation and winsorizing techniques, which confirms the robustness of the model estimates. In
addition, we found that our specification for income rank (Engel curves of third order) is significant
for several food groups. In terms of censoring, the parameters δj are also statistically significant for
food groups will largest fraction of households reporting zero purchases.

In terms of sensitivity of our estimates to supply-side responses, we conducted two alternative sce-
narios to the pass-through of fiscal policies to prices. First, we assumed 75% pass-through for both
tax and subsidy, with the results shown in Appendix Table 9. Secondly, we imposed a 75% pass-
through on the tax, but 50% on the subsidy, based on the idea that tax cuts are less likely to be
passed to final consumers (Benzarti et al. 2017) whose results are shown in Appendix Table ??.
We found that reducing the expected size of the pass-through have two clear welfare implications.
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If the pass-through is smaller for both the tax and subsidy, then our conclusions remain unchanged;
only the size of the effects are smaller. However, if the subsidy does not translate into lower prices
in the same way as the tax (i.e. a smaller pass-through), then the combined policy no longer creates
welfare transfers across income groups, but rather puts the larger burden of welfare in the middle-
high income households (and as such, is not regressive). Although not presented here, expected
reduction in purchases will also be reduced proportionally (linear) to the size of the expected pass-
though on prices.

5 Discussion and policy implications

In this study we present the estimates of the effects on purchases, tax burden (or subsidy transfer)
and welfare variation of three different policy scenarios: a tax on unhealthy food and sweetened
beverages (SB), a subsidy for fruits and vegetables, and a combination of these two fiscal policies.
In order to do this, we used the EASI demand system developed by Lewbel and Pendakur (2009).
We calculated the compensated variation and estimated a set of elasticities to simulate quantity, tax
burden (or subsidy transfer) and welfare losses (or gains) under these three fiscal policy scenarios.
We estimate the effects using the full sample, and also at every quintile of the income distribution,
recognizing that households at different quintiles might express different preferences, as noted in
the previous literature.

As a per-household average, the combined policy would lead to an increase of 7.4 kilograms of
fruits and vegetables per month. If we assume that one average portion of fruits and vegetables
corresponds to 80 grams, and given the average household size, the combined policy would lead to
an increase of 1 portion of fruits and vegetables a day per person. While we found that the changes
are greater for higher income households in Chile, among the low income households (quintile 1),
monthly fruit and vegetable consumption is still estimated to increase 5.6 kilograms, which trans-
lates to an increase of 0.94 portion of fruits and vegetables a day per person. As a comparison,
Capacci and Mazzocchi (2011) found that a public information campaign to promote fruits and
vegetables consumption in the UK (5-a-day campaign) led to an increase of between 0.2 and 0.7
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portions of fruits and vegetables a day. Furthermore, the combined policy reduces the consumption
of unhealthy food by almost 2 kilograms and consumption of beverages by 1.5 liters, consistent
with previous evidence (Caro et al. 2017).

A key issue of note in this study is our estimation of the welfare losses of gains under the three
policy scenarios, and how this may vary by income quintile. We found that the combined policy re-
sults in welfare transfers from high income households (loss of 0.06% income among fifth quintile)
to low income households (gain of 0.29% income among the first quintile). These results suggest
that a combined policy can be one way for governments to not only improve dietary choices (and
resultant health outcomes) of their population, but also helps redistribute resources to address eq-
uity concerns, without requiring direct transfers. We choose to compare relative to each income
quintile because, at the time of the survey, poverty in Chile reached nearly 20%7. In fact, we can
note that the welfare effects between the first and second quintile are significantly different.

To date, there are very limited studies that compare the welfare implications of various fiscal pol-
icy designs as applied to foods or nutrients to compare our findings to. Nnoaham et al. (2009b)
is the closest study that presents a similar analysis, finding that a policy schedule in line with our
combined policy scenario will be regressive, while our results suggests otherwise. However, this
study uses a model that is linear in income and ignores differences in price elasticities across in-
come groups. Such differences can account for the diverging conclusions. Härkänen et al. (2014)
consider a sugar tax, a tax reduction for healthy foods and a combined policy in Finland on changes
in energy and nutrient intake and extrapolate this to provide a range of estimates on health out-
come changes. Akin to our findings, they found that there are significantly larger health effects
with a combined policy compared to either single policy strategies, but their study did not esti-
mate economic welfare changes. Härkänen et al. (2014) also found that the health effects were the
most pronounced for low-income individuals, primarily because low-income individual have the
most severe health problems to start with. Consequently, the authors conclude that these policies
may help reduce health inequalities in Finland. In this paper, while we do not extrapolate our find-
ings to health outcomes, we do find that the changes in purchases are not significantly different

7Currently, Chile measures poverty using a comprehensive set of indicators rather than just income. Poverty mea-
sure as income reached 7.3% in 2017
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between income groups (in relative terms). However, given that the prevalence of obesity-related
non-communicable diseases is larger in low socioeconomic groups, we can expect similar effects
of health inequalities as presented in Härkänen et al. (2014) and MINSAL (2017).

Meanwhile, under the tax policy alone, the welfare loss represents 0.76% of income among the
lowest income households, but the tax incidence is very large among the lowest income households
(6.2% of income), indicating higher dead weight loss for these lowest income households, and that
a tax policy alone in Chile is likely to be regressive and inefficient. Thus, these results together
suggest that should a unhealthy food based tax policy be implemented in Chile, it may need to be
accompanied by other forms of income transfers such as a healthy food price subsidy (i.e., a com-
bined policy).

As mentioned earlier, we do not extrapolate our findings to potential changes in the health, produc-
tivity and reduced health care expenditures that could arise from the three policies and how they
might vary across income quintiles, which is beyond the scope of this paper. However, under all
three scenarios, given increases in fruit and vegetable consumption and reductions in sweetened
beverages, sweets and snacks we should expect that the health and productivity effects and reduced
health care expenditures should be strictly positive and sizable. However, whether this impacts
are disproportional between income groups remains as a empirical question for future research.
Likewise, we have ignored the potential environmental dimension; unhealthy food and sweetened
beverage production leads to larger greenhouse emissions than fruits and vegetables production. In
France, Caillavet, Fadhuile, and Nichèle (2016) found a beneficial synergy between environmental
and nutritional effects across income and age groups, with a small regressive impact. In this sense,
future work can explore the effects at the nutrient-level, as proxy to health effects, as well as po-
tential environmental impacts. In any case, we argue that both tax incidence and welfare impact
are relevant dimensions to consider as part of the debate around fiscal policies related to food and
nutrition. Without estimates of potential health and labor productivity benefits from shifting away
from unhealthier foods towards healthier ones, our analytic approach can only provide an economic
welfare estimation based on the current purchase level; we are unable to quantify the welfare gain
attributable to healthier purchases in the long run.
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Our work presents some limitations. First, we were only able to analyze the demand for foods and
beverages, and did not consider other substitution and income effects beyond this set of purchases,
based on the assumption of staged budgeting, as noted in other studies (Zhen et al. 2013; Caro et al.
2017). Second, due to data limitations, we were not able to distinguish artificially sweetened bev-
erages from sugar-sweetened beverages and were only able to look at sweetened beverages collec-
tively. We additionally worked under the assumption of a uniform pass-through for both household
income groups. In one of the few studies on tax pass-through, Colchero et al. (2015) found that
the soda tax in Mexico has a different pass-through on price across beverages and regions. Thus,
it could be the case that, to some extent, some income groups do not respond to price variations,
as determined by Bertail and Caillavet (2008). Finally, in this framework, we have no means of
providing enough information to compare the social benefits of the combined policy with other
food-based welfare policies that not represent a direct cash transfer, such as the Chilean School
Meal Program.

As governments are increasingly exploring fiscal policies to promote healthier purchases, we high-
light the importance of considering multiple strategies to address this goal, as well as consider the
welfare changes and tax incidence overall and across income groups and how these policies may al-
leviate or worsen inequities. Our findings suggest that a combined policy taxing less healthy foods
and beverages at 18% with a subsidy/removal of the existing 19% VAT on fruits and vegetables in
Chile is one potential way to improve dietary choices while also achieving redistributive goals.
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Table 1: Household descriptive statistics

Full sample Low income (quintile 1) High income (quintile 5)

Mean/SD Ref.household Mean/SD Ref.household Mean/SD Ref.household

Years of education household head 11.452 12 9.008 10 15.483 17
(6.147) (5.804) (4.313)

Head of household men (share) 0.562 1 0.420 0 0.703 1
(0.496) (0.494) (0.457)

Number of children under 18 0.782 1 0.617 1 0.843 1
(1.021) (0.967) (1.026)

Number of adults 2.394 2 1.830 2 2.664 2
(1.118) (0.840) (1.191)

Number of men in the household 1.491 1 1.050 1 1.715 2
(1.059) (0.928) (1.036)

Household size 3.176 3 2.447 2 3.506 3
(1.623) (1.387) (1.601)

Share of households in Santiago 0.523 1 0.509 1 0.526 1
(0.500) (0.500) (0.499)

Household income ($USD) 2690.0 1694.9 575.9 600.0 7762.8 6056.1
(3405.8) (240.2) (5335.5)

Notes: Weighted values using sampling weights. The reference household corresponds to a representative house-
hold with median values of all socio-demographic variables.
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Table 2: Food group statistics by household income group

Full sample(N=15,184) Low income(quintile 1) High income (quintile 5)

Expenditure Unit values Quantity Share(%) Zeroes(%) Expenditure Unit values Quantity Share(%) Zeroes(%) Expenditure Unit values Quantity Share(%) Zeroes(%)

Fruits 17.2 2.47 8.99 4.5 27.7 10.1 2.05 6.46 4.54 35.1 30.1 3.37 11.9 4.99 19.7
Vegetables 40.2 1.93 28.5 10.2 10.7 27.3 1.68 22.9 11.3 14.1 58 2.45 31.8 9.19 10.7
Carbohydrates 59.3 2.29 29.4 17.6 1.92 46.8 2.03 25.8 22.6 1.83 61.5 2.93 24.2 10.6 3.45
Sweets and snacks 45.9 5.8 10.3 10.8 11.3 20.7 5.23 5.85 8.57 21.2 90.5 7.03 16.4 14.9 4.29
Seafood 10.9 9.85 1.35 2.45 56.5 5.54 8.44 .849 2.16 65.5 20.2 12.5 1.82 3.02 48.2
Poultry and red meat 63.1 7.77 8.76 14.1 19.3 38.3 7.06 6.1 13.9 24.5 88.2 9.23 10.2 12.8 18.4
Animal and vegetal fat 28.7 7.42 4.75 7.05 13.6 18 6.49 3.54 7.44 17.7 42.7 9.53 5.37 6.65 12.8
Dairies 43.8 2.67 36.7 10.8 8.64 25.3 2.33 28.3 10.4 13.3 70.8 3.41 42.7 11.4 7.34
Sweetened beverages 29.2 1.54 21.5 7.63 14.7 15.4 1.38 13.3 6.76 25.1 42.2 1.87 26.5 7.27 9.73
Water, coffee and tea 10.4 9.63 12.9 2.61 42.1 5.47 14.2 6.53 2.38 54.2 19.4 5.41 23.3 3.35 27.1
Other 55.4 11.4 6.12 12.2 14.6 26.3 8.69 4.14 10 22.6 102 15.7 8.32 15.9 7.66

Notes: Expenditures and unit values are expressed in $USD. Quantities are measured in kilograms or liters depending on each food group.
Shares and zeroes represent the fraction of the total budget and households reporting no purchases for each food group, respectively. Wilcoxon-
Mann-Whitney’s test was conducted to check whether there is a significant statistical difference between low income and high income house-
holds. We found that almost all variables have a significant statistical difference between the two income groups (first and fifth quintiles). The
only exceptions were the budget share of poultry meat and animal fat, and total purchase of carbohydrates.
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Figure 1: Average percentage change in household purchases (%)
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Results are shown only for food groups that are affected by taxes or subsidies. Standard errors were calculated
using bootstrap method.
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Table 3: Household compensated variation and tax burden/subsidy transfer in USD per month,
assuming 100% pass through in prices (full sample)

Welfare loss Pct. Tax burden Pct.

18% tax on junk food 8.396 0.312 12.014 0.155
(0.085) (0.004) (0.104) (0.005)

19% fruit and vegetables VAT reduction -10.741 -0.399 -12.252 -0.158
(0.081) (0.004) (0.098) (0.005)

Tax and Subsidy together -2.345 -0.087 -0.662 -0.009
(0.089) (0.003) (0.125) (0.005)

Notes:CV: compensated variation Standard errors in parenthesis. They were calculated using bootstrap method. Positive values denote welfare
losses; and negative values denote welfare gains. Welfare losses and gains and tax burden are in US dollars. "Pct." is equivalent to percent of
household income.
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Figure 2: Household tax burden or subsidy transfer as percent of income
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Figure 3: Household welfare loss or compensated variation as percent of income
-1

-.5
0

.5
1

Pc
t. 

of
 In

co
m

e

Tax Subsidy Tax and Subsidy

mean of Quintile1 mean of Quintile2
mean of Quintile3 mean of Quintile4
mean of Quintile5

Notes: Positive values denote welfare losses; and negative values denote welfare gains. "Pct." is equivalent to
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6 Appendix

6.1 Price Elasticities

Following the procedure by Zhen et al. (2013), we calculated the compensated (Hicksian) elasticity
of demand for good j with respect to the price of good k and expenditure elasticities. Then, using
the Slutsky equation, we computed uncompensated (Marshallian) price elasticities 8.

Compensated (Hicksian) elasticity of demand for good j with respect to price of good k is,

ξ = ϖ−1A+ Ωϖ − I (4)

where ξ is a JxJ matrix of compensated demand elasticities, ϖ is an identity matrix where the
ones have been replaced by the food groups budget shares, Ω is an JxJ matrix of ones and I is an
identity matrix. Expenditure elasticities are calculates as follows:

η = ϖ−1(I +BP ′)−1B + 1j) (5)

where η is an J vector of expenditure elasticities and B is the derivative of equation 3 (model cor-
rected by Shonkwiler and Yen (1999)) with respect to the real expenditures yl, whose jth elements
equal

∑3
r=1 rbiry

r−1, P is the JX1 vector of log prices, and 1j is a Jx1 vector of ones.

Uncompensated (Marshallian) price elasticity is recovered from the Slutsky equation,

E = η − ξ ∗ S (6)
8We dropped extreme values (7 out of 10,485 households/observations)
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6.2 Welfare Analysis

Based on the cost function C(p0, u, z, ε), we evaluated the cost to an individual of a price change
based on Pendakur (2009). In order to obtain that result, we used the log cost of living index as a
consumer surplus measure for the price change from p0 to p1 which, for the cost function, is given
by:

ln

(
C(p1, u, z, ε)

C(p0, u, z, ε)

)
=

J∑
j=1

wj
0(ln p

j
1 − ln pj0)

+
1

2

J∑
j=1

J∑
k=1

ajk(ln pj1 − ln pj0)(ln p
j
1 − ln pj0).

(7)

The first term of the equation 7 is the Stone index for the price change, which captures the first
order effects driven by expenditure shares. The presence of the second term allows one to explicitly
model substitution effects (or second order effects). The welfare calculated by equation 7 is related
to the reference household. However, the interpretation of the error terms as unobserved preference
heterogeneity allows the estimation of a distribution of welfare, instead of only the average welfare
effect.

Finally, based on Lewbel and Pendakur (2009) we adjusted our welfare estimations with an equiv-
alence scale for households with different demographic characteristics. These equivalence scales
allow inter-household comparisons of the welfare effect. The equivalence scale is given by:

lnE(p, u, z, e) =
T∑
t=1

gjt zt +
T∑
t=1

J∑
j=1

lnpj(gjt zt + εj) +
1

2

J∑
j=1

J∑
k=1

ajklnpjlnpk, (8)

where d are the coefficients of demographic variables, z is the vector of demographic variables, p
is the vector of price index and A are price coefficients.
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6.3 Appendix:Tables and Figures

Table 4: Average change in household purchases in kilograms or liters per month

Full sample Low Income (Quintile 1) High Income (Quintile 5)

Policy 1 Policy 2 Policy 3 Policy 1 Policy 2 Policy 3 Policy 1 Policy 2 Policy 3
Mean/Std error Mean/Std error Mean/Std error Mean/Std error Mean/Std error Mean/Std error Mean/Std error Mean/Std error Mean/Std error

Fruits 0.137 1.634 1.771 0.094 1.160 1.255 0.136 2.090 2.225
(0.014) (0.030) (0.036) (0.017) (0.041) (0.047) (0.046) (0.080) (0.098)

Vegetables 0.466 5.112 5.578 0.360 3.983 4.343 0.491 5.724 6.215
(0.034) (0.072) (0.086) (0.045) (0.115) (0.136) (0.101) (0.191) (0.232)

Bread,flour,pasta,potato 0.031 0.131 0.163 -0.010 0.183 0.174 0.034 0.164 0.198
(0.034) (0.046) (0.058) (0.055) (0.064) (0.088) (0.087) (0.104) (0.119)

Sweets and Snacks -1.787 -0.177 -1.964 -1.046 -0.122 -1.168 -2.678 -0.237 -2.915
(0.026) (0.014) (0.032) (0.033) (0.016) (0.039) (0.087) (0.041) (0.103)

Seafood -0.001 -0.011 -0.013 -0.002 -0.011 -0.013 -0.011 -0.013 -0.024
(0.002) (0.002) (0.003) (0.002) (0.002) (0.003) (0.006) (0.008) (0.010)

Poultry and Red meat -0.091 -0.029 -0.120 -0.039 0.011 -0.028 -0.101 -0.006 -0.108
(0.010) (0.011) (0.016) (0.011) (0.015) (0.018) (0.028) (0.032) (0.045)

Animal and Vegetable fat -0.043 -0.109 -0.152 -0.034 -0.080 -0.114 -0.053 -0.114 -0.168
(0.006) (0.009) (0.011) (0.009) (0.012) (0.016) (0.019) (0.021) (0.029)

Dairies 0.246 -0.025 0.221 0.125 0.002 0.127 0.112 -0.040 0.073
(0.032) (0.039) (0.052) (0.046) (0.060) (0.080) (0.104) (0.106) (0.156)

Beverages -0.895 -0.563 -1.458 -0.543 -0.358 -0.901 -1.026 -0.811 -1.836
(0.038) (0.042) (0.061) (0.040) (0.048) (0.067) (0.112) (0.130) (0.185)

Water,coffee,tea -0.098 -0.136 -0.234 -0.046 -0.068 -0.114 0.009 -0.319 -0.310
(0.015) (0.016) (0.023) (0.011) (0.013) (0.018) (0.095) (0.084) (0.126)

Others -0.076 0.161 0.085 -0.039 0.113 0.073 -0.136 0.189 0.053
(0.005) (0.005) (0.007) (0.007) (0.009) (0.011) (0.019) (0.017) (0.021)

Notes: Each policy is defined in table ??. Standard errors in parenthesis. They were calculated using bootstrap method.
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Table 5: Mean Marshallian Price Elasticities, Full sample

with respect to the price of

Fruits Vegetables Carbohydrates Sweets and Snacks Seafood Red and Poultry meat Fats Dairies Beverages Water, coffee, tea Others

Fruits -0.991 -0.148 -0.067 0.066 0.026 0.020 0.074 0.016 0.074 0.000 -0.067
(0.014) (0.005) (0.006) (0.005) (0.007) (0.005) (0.007) (0.004) (0.008) (0.004) (0.003)

Vegetables -0.095 -1.028 -0.072 0.075 0.026 0.060 0.062 -0.005 0.065 0.027 -0.156
(0.009) (0.010) (0.007) (0.006) (0.008) (0.006) (0.009) (0.005) (0.009) (0.006) (0.005)

Bread,flour,pasta,potato -0.014 -0.014 -0.704 0.009 0.065 0.034 0.019 -0.010 -0.011 0.048 -0.111
(0.014) (0.011) (0.015) (0.009) (0.012) (0.009) (0.012) (0.007) (0.015) (0.009) (0.006)

Sweets and Snacks 0.037 0.070 -0.038 -0.953 -0.002 -0.050 -0.026 0.036 -0.024 -0.026 -0.057
(0.008) (0.006) (0.006) (0.009) (0.006) (0.006) (0.007) (0.005) (0.009) (0.006) (0.004)

Seafood 0.020 0.033 0.102 -0.009 -1.168 -0.019 -0.008 0.004 0.019 -0.003 -0.037
(0.008) (0.005) (0.006) (0.004) (0.014) (0.004) (0.007) (0.003) (0.008) (0.004) (0.002)

Red and Poultry meat -0.002 0.023 -0.038 -0.048 -0.010 -1.013 -0.029 0.005 0.005 0.026 -0.049
(0.012) (0.010) (0.010) (0.009) (0.011) (0.012) (0.011) (0.007) (0.012) (0.009) (0.006)

Animal and vegetable fat 0.061 0.083 -0.014 -0.040 -0.005 -0.044 -0.984 0.033 -0.044 0.002 -0.097
(0.009) (0.006) (0.006) (0.005) (0.007) (0.005) (0.012) (0.004) (0.009) (0.005) (0.003)

Dairies 0.008 -0.004 -0.065 0.038 0.006 0.032 0.025 -1.014 -0.005 -0.002 -0.054
(0.006) (0.005) (0.005) (0.004) (0.005) (0.004) (0.005) (0.005) (0.006) (0.005) (0.004)

Beverages 0.065 0.099 -0.038 -0.013 0.026 -0.034 -0.025 0.012 -0.888 0.011 -0.063
(0.010) (0.007) (0.008) (0.007) (0.008) (0.006) (0.010) (0.005) (0.016) (0.006) (0.003)

Water,coffee,tea 0.004 0.063 0.118 -0.046 0.001 0.113 0.010 0.005 0.015 -1.183 -0.030
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.002) (0.004) (0.004) (0.002)

Others -0.038 -0.127 -0.182 -0.055 -0.019 -0.049 -0.058 -0.049 -0.059 -0.018 -0.444
(0.005) (0.004) (0.004) (0.005) (0.004) (0.004) (0.004) (0.004) (0.005) (0.004) (0.007)

Notes: Bootstrap standard errors in parenthesis (500 repetitions).
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Table 6: Mean Marshallian Price Elasticities, Low income: quintile 1

with respect to the price of

Fruits Vegetables Carbohydrates Sweets and Snacks Seafood Red and Poultry meat Fats Dairies Beverages Water,coffee,tea Others

Fruits -1.027 -0.097 -0.057 0.062 0.049 -0.023 0.076 0.003 0.077 0.012 -0.055
(0.026) (0.011) (0.011) (0.010) (0.014) (0.010) (0.014) (0.007) (0.015) (0.008) (0.006)

Vegetables -0.066 -1.020 -0.121 0.072 0.028 0.040 0.054 -0.002 0.060 0.021 -0.134
(0.018) (0.019) (0.012) (0.012) (0.013) (0.011) (0.016) (0.010) (0.017) (0.010) (0.011)

Bread,flour,pasta,potato -0.009 -0.036 -0.705 0.004 0.084 0.029 0.018 -0.014 -0.024 0.032 -0.078
(0.027) (0.021) (0.031) (0.021) (0.026) (0.019) (0.025) (0.014) (0.028) (0.015) (0.013)

Sweets and Snacks 0.042 0.088 -0.044 -0.991 -0.009 -0.020 -0.030 0.028 -0.006 -0.030 -0.044
(0.014) (0.010) (0.011) (0.020) (0.010) (0.010) (0.013) (0.009) (0.015) (0.009) (0.008)

Seafood 0.042 0.038 0.162 -0.015 -1.239 0.025 -0.003 -0.018 0.002 0.003 -0.042
(0.015) (0.009) (0.012) (0.008) (0.031) (0.009) (0.015) (0.007) (0.013) (0.006) (0.005)

Red and Poultry meat -0.021 0.010 -0.055 -0.029 0.008 -1.081 -0.018 0.012 0.012 0.024 -0.028
(0.023) (0.017) (0.019) (0.018) (0.020) (0.025) (0.023) (0.014) (0.023) (0.014) (0.013)

Animal and vegetable fat 0.064 0.078 -0.018 -0.039 -0.002 -0.013 -1.026 0.039 -0.058 -0.004 -0.068
(0.016) (0.011) (0.011) (0.011) (0.016) (0.010) (0.021) (0.008) (0.015) (0.008) (0.006)

Dairies -0.001 0.001 -0.085 0.025 -0.011 0.049 0.031 -1.024 -0.002 0.005 -0.030
(0.010) (0.009) (0.008) (0.009) (0.008) (0.008) (0.010) (0.011) (0.010) (0.007) (0.007)

Beverages 0.070 0.098 -0.071 0.004 0.009 -0.011 -0.042 0.013 -0.938 0.011 -0.026
(0.018) (0.013) (0.013) (0.013) (0.015) (0.011) (0.016) (0.008) (0.026) (0.008) (0.007)

Water,coffee,tea 0.016 0.049 0.078 -0.043 0.007 0.096 0.002 0.017 0.015 -1.166 -0.011
(0.006) (0.005) (0.005) (0.006) (0.005) (0.005) (0.006) (0.004) (0.006) (0.008) (0.003)

Others -0.039 -0.131 -0.182 -0.044 -0.028 -0.024 -0.050 -0.032 -0.034 -0.012 -0.526
(0.009) (0.008) (0.007) (0.009) (0.007) (0.008) (0.008) (0.008) (0.009) (0.006) (0.013)

Notes: Bootstrap standard errors in parenthesis (500 repetitions).
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Table 7: Mean Marshallian Price Elasticities, High income: quintile 5

with respect to the price of

Fruits Vegetables Carbohydrates Sweets and Snacks Seafood Red and Poultry meat Fats Dairies Beverages Water, coffee, tea Others

Fruits -0.937 -0.168 -0.068 0.041 0.018 0.052 0.070 -0.008 0.092 -0.003 -0.110
(0.025) (0.013) (0.017) (0.009) (0.018) (0.012) (0.017) (0.009) (0.022) (0.012) (0.006)

Vegetables -0.114 -1.013 -0.043 0.070 0.030 0.001 0.057 -0.005 0.064 0.030 -0.189
(0.020) (0.022) (0.019) (0.012) (0.020) (0.015) (0.018) (0.011) (0.022) (0.016) (0.013)

Bread,flour,pasta,potato -0.031 -0.011 -0.738 0.004 0.042 0.005 -0.023 0.053 0.015 0.042 -0.130
(0.026) (0.019) (0.039) (0.014) (0.026) (0.016) (0.026) (0.011) (0.028) (0.018) (0.009)

Sweets and Snacks 0.024 0.067 -0.012 -0.908 -0.003 -0.005 -0.010 0.016 -0.009 -0.007 -0.082
(0.020) (0.017) (0.019) (0.022) (0.019) (0.015) (0.019) (0.013) (0.023) (0.022) (0.012)

Seafood 0.010 0.035 0.032 -0.027 -0.969 -0.096 -0.033 -0.000 -0.030 0.012 -0.040
(0.022) (0.016) (0.020) (0.010) (0.038) (0.014) (0.020) (0.009) (0.023) (0.015) (0.005)

Red and Poultry meat 0.012 -0.008 -0.035 -0.040 -0.046 -0.904 -0.056 0.008 0.008 0.022 -0.085
(0.030) (0.026) (0.027) (0.017) (0.031) (0.027) (0.029) (0.015) (0.034) (0.026) (0.014)

Animal and vegetable fat 0.057 0.077 -0.060 -0.041 -0.030 -0.107 -0.869 0.049 -0.055 0.010 -0.130
(0.020) (0.014) (0.020) (0.010) (0.020) (0.013) (0.027) (0.009) (0.021) (0.015) (0.006)

Dairies -0.002 0.008 0.026 0.013 0.008 0.043 0.040 -1.030 0.007 -0.001 -0.094
(0.015) (0.012) (0.013) (0.011) (0.013) (0.010) (0.014) (0.013) (0.016) (0.015) (0.009)

Beverages 0.086 0.106 0.012 -0.007 -0.017 -0.082 -0.037 0.024 -0.848 0.023 -0.122
(0.025) (0.018) (0.021) (0.012) (0.022) (0.015) (0.021) (0.011) (0.037) (0.016) (0.007)

Water,coffee,tea 0.005 0.081 0.080 -0.007 0.030 0.114 0.030 0.012 0.037 -1.202 -0.031
(0.009) (0.008) (0.009) (0.007) (0.010) (0.008) (0.009) (0.006) (0.010) (0.013) (0.005)

Others -0.041 -0.102 -0.097 -0.075 -0.010 -0.049 -0.051 -0.064 -0.066 -0.015 -0.390
(0.013) (0.010) (0.013) (0.011) (0.010) (0.011) (0.010) (0.009) (0.013) (0.013) (0.016)

Notes: Bootstrap standard errors in parenthesis (500 repetitions).
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Table 8: Household compensated variation and tax burden/subsidy transfer as percent of income,
assuming 100% pass through in prices (by household quintile)

18% tax 19% subsidy Tax and Subsidy

Tax burden Welfare loss Tax burden Welfare loss Tax burden Welfare loss

Quintile 1 1.067 0.764 -1.418 -1.050 -0.396 -0.286
(0.022) (0.014) (0.024) (0.018) (0.028) (0.020)

Quintile 2 0.762 0.564 -0.852 -0.651 -0.121 -0.087
(0.015) (0.010) (0.015) (0.012) (0.019) (0.014)

Quintile 3 0.623 0.474 -0.646 -0.483 -0.044 -0.008
(0.011) (0.009) (0.011) (0.009) (0.015) (0.010)

Quintile 4 0.505 0.405 -0.488 -0.358 0.003 0.047
(0.008) (0.006) (0.008) (0.006) (0.011) (0.008)

Quintile 5 0.291 0.242 -0.240 -0.183 0.043 0.059
(0.006) (0.005) (0.005) (0.004) (0.006) (0.005)

Notes: Standard errors in parenthesis calculated using bootstrap method (500 repetitions). Positive values denote
tax burden and negative values denote subsidy transfer.

Table 9: Household compensated variation as percent of income, assuming 75% pass through in
prices (by quintile)

18% tax 19% subsidy Tax and Subsidy

Quintile 1 0.573 (0.011) -0.787 (0.014) -0.214 (0.015)
Quintile 2 0.423 (0.008) -0.488 (0.009) -0.066 (0.010)
Quintile 3 0.356 (0.006) -0.362 (0.007) -0.006 (0.008)
Quintile 4 0.304 (0.005) -0.269 (0.005) 0.035 (0.006)
Quintile 5 0.181 (0.004) -0.137 (0.003) 0.044 (0.003)

Notes: Standard errors in parenthesis calculated using bootstrap method (500 repetitions). Positive values denote
welfare losses and negative values denote welfare gains.
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Table 10: Household compensated variation as percent of income, assuming 75% pass through for
tax and 50% pass through on subsides (by quintile)

18% tax 19% subsidy Tax and Subsidy

Quintile 1 0.573 (0.011) -0.525 (0.009) 0.048 (0.012)
Quintile 2 0.423 (0.008) -0.326 (0.006) 0.097 (0.009)
Quintile 3 0.356 (0.006) -0.241 (0.004) 0.115 (0.007)
Quintile 4 0.304 (0.005) -0.179 (0.003) 0.125 (0.005)
Quintile 5 0.181 (0.004) -0.091 (0.002) 0.090 (0.003)

Notes: Standard errors in parenthesis calculated using bootstrap method (500 repetitions). Positive values denote
welfare losses; and negative values denote welfare gains.
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Table 11: Estimated coefficients

Constant Implicit utility 1 Implicit utility ^2 Implicit utility ^3

Budget share Coef. (Std. Err) Coef. (Std. Err) Coef. (Std. Err) Coef. (Std. Err)

Group 1 0.054 0.004 -0.001 0.001 0.002 0.001 0.001 0.000
Group 2 0.123 0.004 0.006 0.001 -0.002 0.001 0.000 0.000
Group 3 0.190 0.004 -0.069 0.003 0.002 0.002 -0.001 0.001
Group 4 0.070 0.007 0.005 0.002 0.004 0.002 0.001 0.001
Group 5 0.039 0.004 0.007 0.001 0.001 0.001 0.000 0.000
Group 6 0.134 0.008 0.045 0.002 -0.006 0.001 -0.002 0.000
Group 7 0.059 0.004 0.006 0.001 -0.001 0.001 0.000 0.000
Group 8 0.084 0.006 0.005 0.001 -0.002 0.001 0.000 0.000
Group 9 0.086 0.004 -0.019 0.002 0.004 0.002 0.001 0.001
Group 10 0.044 0.002 -0.005 0.001 0.000 0.001 0.000 0.000
Group 11 0.118 0.011 0.020 0.002 -0.002 0.002 0.000 0.001

Price group 1 Price group 2 Price group 3 Price group 4

Budget share Coef. (Std. Err) Coef. (Std. Err) Coef. (Std. Err) Coef. (Std. Err)

Group 1 0.001 0.001 -0.012 0.001 -0.005 0.001 0.005 0.001
Group 2 -0.012 0.001 -0.003 0.001 -0.008 0.001 0.010 0.001
Group 3 -0.005 0.001 -0.008 0.001 0.045 0.003 -0.004 0.001
Group 4 0.005 0.001 0.010 0.001 -0.004 0.001 0.007 0.001
Group 5 0.002 0.001 0.003 0.001 0.010 0.001 0.000 0.001
Group 6 0.001 0.001 0.008 0.001 -0.002 0.002 -0.006 0.001
Group 7 0.006 0.001 0.008 0.001 -0.001 0.001 -0.003 0.001
Group 8 0.001 0.000 0.000 0.001 -0.008 0.001 0.005 0.001
Group 9 0.006 0.001 0.009 0.001 -0.006 0.001 -0.003 0.001
Group 10 0.000 0.000 0.004 0.000 0.007 0.001 -0.003 0.000
Group 11 -0.005 0.000 -0.019 0.001 -0.027 0.001 -0.007 0.001

Price group 5 Price group 6 Price group 7 Price group 8

Budget share Coef. (Std. Err) Coef. (Std. Err) Coef. (Std. Err) Coef. (Std. Err)

Group 1 0.002 0.001 0.001 0.001 0.006 0.001 0.001 0.000
Group 2 0.003 0.001 0.008 0.001 0.008 0.001 0.000 0.001
Group 3 0.010 0.001 -0.002 0.002 -0.001 0.001 -0.008 0.001
Group 4 0.000 0.001 -0.006 0.001 -0.003 0.001 0.005 0.001
Group 5 -0.015 0.001 -0.001 0.001 0.000 0.001 0.001 0.000
Group 6 -0.001 0.001 0.003 0.003 -0.003 0.001 0.005 0.001
Group 7 0.000 0.001 -0.003 0.001 0.002 0.001 0.004 0.000
Group 8 0.001 0.000 0.005 0.001 0.004 0.000 -0.001 0.001
Group 9 0.002 0.001 -0.006 0.001 -0.004 0.001 0.000 0.001
Group 10 0.000 0.000 0.007 0.001 0.000 0.000 0.000 0.000
Group 11 -0.003 0.000 -0.006 0.001 -0.008 0.000 -0.006 0.001
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Table 11 (Continued)

Price group 9 Price group 10 Price group 11 Gender hh head

Budget share Coef. (Std. Err) Coef. (Std. Err) Coef. (Std. Err) Coef. (Std. Err)

Group 1 0.006 0.001 0.000 0.000 -0.005 0.000 0.000 0.001
Group 2 0.009 0.001 0.004 0.000 -0.019 0.001 -0.005 0.001
Group 3 -0.006 0.001 0.007 0.001 -0.027 0.001 0.002 0.003
Group 4 -0.003 0.001 -0.003 0.000 -0.007 0.001 -0.009 0.003
Group 5 0.002 0.001 0.000 0.000 -0.003 0.000 -0.001 0.001
Group 6 -0.006 0.001 0.007 0.001 -0.006 0.001 0.007 0.002
Group 7 -0.004 0.001 0.000 0.000 -0.008 0.000 0.001 0.001
Group 8 0.000 0.001 0.000 0.000 -0.006 0.001 -0.011 0.002
Group 9 0.010 0.002 0.001 0.000 -0.008 0.001 0.004 0.001
Group 10 0.001 0.000 -0.012 0.000 -0.002 0.000 -0.001 0.001
Group 11 -0.008 0.001 -0.002 0.000 0.093 0.001 0.011 0.004

Education hh head Zone Equivalent adults Number of men in hh

Budget share Coef. (Std. Err) Coef. (Std. Err) Coef. (Std. Err) Coef. (Std. Err)

Group 1 0.000 0.000 -0.003 0.001 -0.004 0.001 -0.003 0.001
Group 2 0.000 0.000 -0.007 0.001 -0.005 0.002 -0.005 0.001
Group 3 -0.002 0.000 -0.008 0.003 0.009 0.002 0.009 0.002
Group 4 0.005 0.000 0.022 0.003 0.016 0.002 -0.011 0.002
Group 5 0.000 0.000 0.003 0.001 -0.005 0.000 0.001 0.000
Group 6 -0.002 0.000 -0.009 0.002 -0.007 0.002 0.004 0.001
Group 7 -0.001 0.000 0.004 0.001 -0.002 0.001 0.002 0.001
Group 8 0.002 0.000 0.002 0.002 0.010 0.002 -0.004 0.002
Group 9 0.000 0.000 -0.012 0.001 0.000 0.001 0.007 0.001
Group 10 -0.001 0.001 -0.001 0.001 -0.001 0.001 -0.001 0.001
Group 11 -0.001 0.000 0.004 0.004 -0.008 0.003 0.001 0.003

Notes: Food groups i: (1) Fruits, (2) Vegetables (3) Carbohydrates, (4) Sweets and Snacks, (5) Seafood, (6) Poul-
try and Red meat (7) Animal and Vegetable fat (8) Dairies (9) Beverages (10) Water, coffee, tea (11) Other.
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