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Abstract
Sugar-sweetened beverage (SSB) taxes related to the quantity of sugar have appeared as a popular regulatory tool around
the world during the last decade showing important variations in their implementation and impact. We evaluated the impact
of a new SSB tax implemented in Catalonia since May 1, 2017 on the purchased quantities and penetration rates of taxed
and untaxed cola beverages. We use aggregate time series of cola beverages purchases in all 17 Spanish Autonomous Communities before and after the implementation of the SBB tax in Catalonia, from January 2013 to June 2019. A comparison
between two different types of causal inference methods was conducted: a two-way fixed effects difference in differences
model and a modified synthetic control model. Regular cola purchases decreased 12.1% and their penetration rate decreased
by 1.27 points during the two post-intervention years using the preferred model. Diet cola purchases increased 17.0% and
their penetration rate also increased by 1.65 points. Only regular cola results were robust to all placebo test checks. The SSB
tax implemented in Catalonia in 2017 significantly reduced the volume and penetration rates of regular colas with no robust
evidence for the substitution effect on diet colas.
Keywords Sugar-sweetened beverages · Taxes · Soda tax · Sugar consumption
JEL Classification H20 · H51 · C22

Introduction
Taxes on sugar-sweetened beverages (SSBs) are becoming
a popular class of the so-called “sin taxes” which may be
applied to different categories of drinks with caloric sweeteners, such as carbonated soft drinks, sports drinks, fruit
drinks, energy drinks, sweetened milk, coffee, and tea [1, 2].
The rationale for SSBs taxes lies in their power to change
consumer behaviour towards reducing consumption and
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promoting health, generate revenues, and incentivize product
reformulation [2, 3]. SSBs’ high consumption may result in
important externalities and internalities that may be reduced
by effective SSBs taxes [1]. Externalities are mainly the
health care, non-health care, and productivity social costs
paid by public health systems and society from diseases
and health problems caused by SSB consumption (weight
gain, diabetes, cardiovascular diseases, cancers, and dental
caries). The principal internalities are those costs that consumers impose on themselves in the form of private health
expenses, health harms and quality of life losses attributable
to SSB consumption.
Sugary drink consumption is closely related to obesity,
and SSBs are the largest source of free sugar in the daily
diet [4–6]. Consumption of SSBs as a risk factor for obesity has been the main reason used by advocates of the
positive potential health impact of a specific SSB excise
tax (a fixed amount is charged per unit of volume) [7]. It
has been estimated worldwide that in 2010 SSBs consumption is responsible for 184,000 deaths yearly and 8.5 million
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disability-adjusted life years [8]. However, there is evidence
that in many countries SSBs taxes have been introduced with
health promotion as a secondary goal, with fiscal revenues
being the main goal [9].
The public health purpose of SSBs taxes has been encouraged by the World Health Organization (WHO) by reporting that raising SSB prices 20% or more would result in
strong health effects [10]. In 2017, the WHO proposed SSBs
taxes as an effective intervention to reduce sugar consumption in lower-middle-income countries with a cost > Int$100
per disability-adjusted life years (DALYs) averted [11]. An
optimal federal SSBs tax of 28–59% of the actual quantityweighted average price was estimated for the USA [12].
In the last decade, sugar-sweetened beverage (SSB)
taxes have appeared as a popular regulatory tool around the
world [6, 13–15]. Specific excise taxes directly related to the
quantity of sugar contained in SSBs have been increasingly
implemented in many US cities, low- and middle-income
countries, and regions since the start of this decade [1, 10,
16–22]. These taxes have been implemented only on SSBs
or in combination with taxes on unhealthy food, and they
also showed important variations in the applied tax rates
and other key design features which may have important
implications for consumption responses, price elasticities
and substitutability of taxed beverages [10, 20, 23].
A systematic review including evidence of the impact of
SSBs taxes on the consumption, purchase or sales [24] covering the literature in the 2011–2017 period only reported
five studies analysing the impact of actual implemented policies (rather than hypothetical): four in a US city and a county
(Berkeley and Maine), and one in Mexico [25–29]. Four out
of five of these studies [25–28] used an interrupted-time
series approach and two studies [27, 28] used a differencein-difference matching estimator. This review concludes
that “taxes on SSBs have a significant impact on sales and
purchasing”, despite the recognised low number of naturalistic experiments on the impact of these taxes, and the need
to evaluate effects on diet quality. Naturalistic experiments
included in this review showed a reduction in the purchases
of taxed beverages for taxes > 8% [24].
A more recent systematic review and meta-analysis covering the literature on world SSB taxes impact up to June
2018 [30] included 11 studies examining changes in pre- to
post-tax SSB consumption, and 6 studies comparing taxed
and untaxed jurisdictions. They concluded that a 10% SSB
tax was associated with a 10% reduction in beverage purchases, with a 95% confidence interval ranging from − 5% to
− 14.7%, but with a high level of unexplained heterogeneity
between those results obtained from six jurisdictions [30].
A new tax affecting all SSBs sales was implemented in
Catalonia (but not in the rest of Spain) since May 1, 2017
with the aim of reducing the negative health effects of excessive sugar consumption. The tax targeted all those beverages
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containing caloric added sweeteners, including soda drinks,
fruit juices, sports drinks, teas and coffees, energetic drinks,
sweetened milks and shakes, vegetable drinks, and flavoured
waters. Colas represented around 50% of SSBs consumption
in Catalonia and in Spain in 2016 [31, 32]. The tax has to be
paid by all agents providing the SSB to the final consumer in
all settings and should be supposedly completely transferred
to the final price [33]. This tax was designed as a specific
excise tax of 0.08€ per litter for SSBs containing 5–8 g of
sugar per 100 ml, and 0.12€ for those SSBs containing more
than 8 g per 100 ml.
To our knowledge, three publicly available papers have
evaluated the impact of this tax on consumption and/or
prices [33–35]. Two studies [33, 34] analysed private purchasing information from two different single supermarket
chains in Catalonia used a difference-in-difference approach
with taxed and untaxed purchasing information. Both studies found an important decrease in purchased taxed SSBs: a
7.7% consumption reduction with an implied elasticity for
products with a higher sugar content of − 0.509, and a substitution effect of a significant increase in zero/light drinks
[33], and a reduction in the expenditure share of the beverages basket for taxed SSBs by 5–31%, but only a 2.2% overall reduction in sugar consumption from SSBs due to substitution effects [34]. A third study [35] used the answers of
a short poor population sample to a validated questionnaire
also using a difference-in-difference approach to estimate
changes in the prevalence of SSB consumption before and
after the introduction of the new tax. This study observed
a 39% reduction in self-declared prevalence of regular consumers of taxed beverages.
The objective of this paper is to estimate the impact of an
SSB tax implemented in Catalonia since May 1, 2017 on the
quantities (litres) and penetration rates of taxed and untaxed
cola beverages, while comparing the results obtained with
two different types of causal inference methods: a two-way
fixed effects difference in differences model [36] and a modified synthetic control model [37]. We used aggregate time
series of cola beverages purchases in all Spanish Autonomous Communities before and after the implementation of
the SBB tax in Catalonia.
This paper contributes to the literature on the impact of
implementing high SSB taxes (9 or 10%) based on their
sugar content on purchased litres of taxed and untaxed soda
in middle- and high-income countries. We perform a comparison of two causal inference methods applied to time
series monthly cross-sectional (TSCS) data, including preintervention and post-intervention observations and using
a geographical control group. The paper makes a methodological contribution in comparing two different empirical
methods for estimating causal inference with TSCS data. We
compare the results of two different statistical approaches
that have been scarcely applied to the analysis of SSB tax
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policies [38, 39]. We use a generalized synthetic control
method based on matrix factorization for estimating causal
impacts, with the aim of addressing the potential failure of
the parallel-trend assumption in fixed effects models. Our
method estimates the treatment effect using the matrix
completion method and offers uncertainty estimates, such
as standard errors and confidence intervals, which are easy
to interpret.

Data and method
Data
In our analysis, we used monthly data on household purchasing penetration rate and per capita purchases (in litres) of
regular taxed colas (with sugar) and diet (“light” in Spain)
untaxed colas (without sugar) by each of the 17 Spanish
Autonomous Communities (ACs), from January 2013 to
June 2019.The penetration rate was defined as the percentage of households buying the product in a given period. Our
data included all cola purchases (sales) in any type of commercial establishment, excluding non-household consumption in bars, restaurants and hotels. The analysis of taxed and
untaxed colas allowed estimating for the potential substitution effects among cola drinks (with and without sugar) after
the intervention.
Colas purchases and penetration rates data were obtained
from consumer families across the different Spanish ACs,
using the Food Consumption Panel (FCP) conducted by the
Ministry of Agriculture, Fisheries and Food (MAGRAMA,
in Spanish) [31]. The FCP sample size is integrated by
around 12,000 households which daily recorded their shopping with an optical reader. The choice of this sample was
random with a two-stage method: in the first stage, the units
to be sampled were towns or local entities in the whole country, and in the second stage, households that were going to
be part of the final sample from those entities were selected.
According to FCP’s methodological note, in those products
whose monthly penetration rates are 15% or less, monthto-month consumption comparisons can be erratic. Only
two products of interest for the objective of this paper had
a market share above 15%: regular colas and diet colas had
a monthly average penetration rate of 28.74% and 19.41%,
respectively. These are the products that we have considered
in our analysis.
As mentioned above, up to the first of May 2017, Catalonia adopted the described SSB tax (treated AC) and the
remaining 16 ACs did not adopt it (controls). We used
monthly data from January 2013 to June 2019 (1326 observations), a period spanning months before and after the Catalan reform in May 2017. Then, we analysed data from 78
monthly periods, 52 of them in the pre-intervention period

and 25 in the post-intervention period, for 17 ACs as the
observation units of this study (1326 observations). Catalonia was the intervention unit and the other 16 ACs were the
control group. We analysed the impact of the intervention
on four outcome variables: purchasing penetration rate and
purchased per capita quantity (litres per person per month)
of regular taxed colas, and purchasing penetration rate and
purchased per capita quantity (litres per person per month)
of untaxed diet colas.

Method
First, we applied a standard difference in difference (DiD)
estimator using a two-way fixed effects (FE) model. DiD is
usually implemented as an interaction term between time
and treatment group dummy variables in an FE regression
model. Simple algebra shows that DiD and FE estimators
are numerically identical in a balanced panel data design
[40]. Robust standard errors were clustered at the AC level
implementing small-sample corrections [41].
The FE regression formulation is:

Yit = 𝛾i + 𝛿t + 𝛽Dit + 𝜀it ,

(1)

where Yit is the SSB per capita purchase in AC i at time t.
Unit fixed-effect is γi and time fixed-effect is δt. Dit is an
interaction term between the dummy variable for treated AC
(Catalonia) and the dummy variable for time after the intervention and β is the treatment effect.
The FE model assumes a constant treatment effect both
across ACs and over time. As in Xu [42], we relaxed this
assumption and estimate the effect of the SSB tax on cola
penetration rates and purchases in Catalonia by subtracting
the time intercepts estimated from the control group and the
unit intercepts based on the pre-treatment data.
The identifying assumptions for FE models include the
“parallel trends” assumption, which implies that in the
absence of the treatment, the average outcomes of treated
and control units would have followed parallel paths. However, in practice, this assumption is hardly true for time
series data [43–45]. The presence of unobserved time-varying confounders causes the failure of this assumption.
To deal with this problem, as a second approach we chose
the synthetic control method (SCM) [42, 44–46]. The SCM
constructs a weighted combination of potential controls
as the counterfactual for the treated unit. The SCM is an
alternative approach for intervention evaluation that relaxes
the parallel trend assumption. The SCM offers a dynamic
estimate of the average effects, besides accounting for timevarying unobserved effects. The SCM is particularly suitable for those contexts where the effect of the intervention
under investigation is supposed to be heterogeneous across
the investigated units. Under this approach, a weighted
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combination of control ACs, the synthetic control, is constructed to approximate the most relevant characteristics of
Catalonia, the AC affected by the intervention. After the
SSB tax was implemented in Catalonia, the SCM can be
used to estimate the counterfactual situation of this AC in
the absence of the tax by looking at the outcome trend of
the synthetic control.
In this paper, we applied a generalized SCM model based
on matrix factorization to predict counterfactual outcomes,
the matrix completion (MC) method via nuclear norm minimization. Athey et al. [37] introduced this MC approach
offering a dynamic estimate of the average effects, besides
accounting for time series dependency structure. The MC
method adapts well to different configurations of the data
and, generally, outperforms the pristine SCM of Abadie et al.
[47], especially when relatively few values are observed
[37]. Furthermore, the MC estimator has a cross-validation
procedure built-in that automatically selects the correct penalty factor reducing the risk of overfitting. A non-parametric
bootstrap procedure was used for the uncertainty estimates
obtained by this method.
The generalized SCM model regression formulation is
as follows:

Yit = 𝜆i ft + Dit + 𝜀it ,

(2)

where ft is a vector of time-varying factors and λI is a vector
of unit-specific factor loadings. βit is the heterogeneous treatment effect on unit i at time t. When ft = (1, δt) and λi = (γi, 1),
the Eq. (2) reduces to Eq. (1). So, the FE model is a special
case of our SCM. The MC method develops a class of matrix
completion estimators that uses the observed elements of
the matrix of control outcomes corresponding to untreated
unit/periods to predict the “missing” elements of the matrix,
corresponding to treated units/periods [37].
We compared our FE results with MC specifications and
check whether MC model can provide better estimations.
We assessed the goodness of fit by calculating the root
mean-squared prediction error (RMSPE) between Catalonia and synthetic ACs during the pre-treatment period. Our
base-case models assumed constant treatment effects both
across ACs and over time. In both models, FE and MC, the
residuals were weighted by ACs’ population size. Finally,
following Angrist and Pischke [48] we test the assumption
of parallel trends by re-estimated FE models including the
time-trend variable and its interaction with the treatment
indicator.
To test the robustness of the results, two additional sets
of estimates (placebo tests) were presented. Firstly, the MC
model was run on each AC in the donor pool as though
it was the treated AC. Those ACs with an RMSPE twice
the size of that obtained for the real case of Catalonia were
excluded in the placebo test. The remaining ACs are more
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likely to report a higher placebo effect and are better candidates for inclusion in the placebo distribution [45]. Secondly,
we applied the MC model to Catalonia versus the rest of the
16 ACs, but now on two different products with market share
above 15% randomly selected from the family shopping cart
(garlic and tomato sauce purchases) which were unrelated
to the intervention.
Statistical analysis was performed using the R packages
“plm” version 2.1. [41], “clubSandwich” version 0.3.5 [49]
and “gsynth” version 1.0.9 [50]. To show the results, we
calculated the p values and the confidence intervals (CIs)
at a 95% confidence level. The AC population weight was
included in all models to compensate for bias in the fitting
process.

Results
Descriptive results
Analysis of monthly food purchases based on the FCP, over
the period of 2013 to 2019, allowed the estimation of total
carbonated soft drinks (sodas) purchased (litres per person
per year) in Spain and Catalonia, the share of regular and
diet colas among soft drinks, and also the penetration rates
(Table 1). Other soft drinks besides regular and diet colas
include: orange drinks, lemon drinks, tea/coffee drinks,
energy drinks, tonic water, milk-and-juice drinks, and carbonated water.
The monthly average purchases of total soft drinks (sodas)
in Catalonia during the 4 years before the intervention (May
2015) declined from 3.84 l per person per month (l/p/m)
between May 2013 and April 2014 to 3.36 l/p/m between
May 2016 and April 2017, which is equivalent to an average annual decrease rate of 1.9%. During the same 4-year
period, total soft drink purchases declined from 3.84 l/p/m
to 3.47 l/p/m in the rest of Spain (an average annual decrease
rate of 1.8%). In the first year after the intervention, purchases of total soft drinks in Catalonia decreased to 3.20 (a
decrease of 4.8%), remaining nearly stable in the second year
(3.19 l/p/m). For the rest of Spain, purchases during the first
year after the intervention remained at the same level as the
previous year (3.47 l/p/m) and declined to 3.32 l/p/m in the
second year (a 3.0% decrease). Then, per capita purchases
of total soft drinks in the rest of Spain was 3.3% higher than
in Catalonia during the year previous to the intervention
and this difference increased to 8.4% during the first postintervention year, but returned to a slightly increased level
(3.5%) in the second year after the intervention compared
with the pre-intervention year.
In both Catalonia and the rest of Spain, the most purchased type of soft drink was regular cola: 26.94% and
20.38% share of total sodas in the pre-intervention year,
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Table 1  Soft drinks (sodas) consumption at home in Catalonia and the rest of Spain: from May 2013 to April 2019
Variable

Geographical
area

Pre-intervention period
05/2013 to
04/2014

05/2014 to
04/2015

3.84
3.68
Monthly average Catalonia
total purchasRest of Spain
3.84
3.75
ing of soft
drinks (l/p)*
1.11
1.09
Monthly average Catalonia
purchasing of
Rest of Spain
0.92
0.88
regular cola
(l/p)
0.63
0.56
Monthly average Catalonia
purchasing of
Rest of Spain
0.62
0.64
diet cola (l/p)
Catalonia
28.98%
29.53%
Regular cola
share of total
Rest of Spain
24.11%
23.38%
purchasing of
soft drinks
Catalonia
16.30%
15.36%
Diet cola share
of total purRest of Spain
16.32%
17.19%
chasing of soft
drinks
Household penetration rate (% of households buying the product)
Regular Cola
Catalonia
32.82%
31.69%
Rest of Spain
29.67%
27.38%
Diet Cola
Catalonia
20.20%
18.22%
Rest of Spain
19.42%
19.34%

Post-intervention period
05/2015 to
04/2016

05/2016 to
04/2017

05/2017 to
04/2018

05/2018 to
04/2019

3.51
3.77

3.36
3.47

3.20
3.47

3.19
3.32

0.96
0.80

0.82
0.75

0.77
0.69

0.66
0.61

0.53
0.69

0.50
0.67

0.60
0.64

0.66
0.65

27.50%
21.23%

26.94%
20.38%

23.97%
19.79%

20.87%
18.41%

15.39%
18.44%

16.44%
19.84%

18.72%
18.53%

21.13%
19.62%

30.25%
24.81%
18.84%
19.91%

28.14%
23.16%
18.23%
19.01%

25.69%
22.04%
20.44%
19.31%

23.97%
20.87%
20.76%
18.82%

Source: Food Consumption Panel. Ministry of Agriculture, Fisheries and Food, Spain
l/p/y litres per person per year

and 20.87% and 18.41% in the second post-intervention
year, respectively. Regular cola was followed by diet cola
in the share of total soda purchases: 16.44% in Catalonia
and 19.84% in the rest of Spain during the pre-intervention
year, and 21.13% and 19.62%, respectively, during the second post-intervention year. In both geographical regions,
when comparing the fourth pre-intervention year and the
second post-intervention year, the share of regular colas
diminished and the one of diet colas increased. In Catalonia
the share of purchased regular colas among all soft drinks
diminished more than 6 percentage points during the second
post-intervention year compared to the pre-intervention year,
while it only decreased by 2.3 points in the rest of Spain. At
the same time, in this period, the share of purchased diet
colas increased by 4.7 points in Catalonia while it decreased
by 0.2 points in the rest of Spain.
The monthly average purchases of regular colas in Catalonia during the 4 years before the intervention declined
from 1.11 l/p/m to 0.82 l/p/m, which is equivalent to an average annual decrease rate of 2.3%. During the same 4-year
period, regular cola purchases declined from 0.92 l/p/m to
0.75 l/p/m in the rest of Spain (an average annual decrease
rate of 2.0%). The first year after the intervention, purchases

of regular colas in Catalonia decreased to 0.77 l/p/m (a
decrease of 6.1%), and to 0.66 in the second post-intervention year (an accumulated post-intervention decrease of
19.5%). In the rest of Spain, regular cola purchases during
the second post-intervention year showed only a 3% decrease
compared to the pre-intervention year.
The monthly average purchases of diet colas in Catalonia during the 4 years before the intervention declined from
0.63 l/p/m to 0.50 l/p/m, which is equivalent to an average
annual decrease rate of 2.1%. During the same 4-year period,
diet cola purchases increased from 0.62 l/p/m to 0.67 l/p/m
in the rest of Spain (an average annual increase of 1.7%).
In the first post-intervention year, purchases of diet colas in
Catalonia increased to 0.60 l/p/m (a 20% increase), and to
0.66 in the second post-intervention year (a 32% accumulated post-intervention increase). Contrary to this trend in
Catalonia, in the rest of Spain, purchases of diet colas during
the second post-intervention year showed a decrease close
to regular colas compared to the pre-intervention year (3%).
In both Catalonia and the rest of Spain, the penetration
rates of regular cola were 28.14% and 23.16% in the preintervention year, and 23.97 and 20.87% in the second postintervention year, respectively. Regular cola was followed
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by diet cola in the penetration rate: 18.23% in Catalonia and
19.01% in the rest of Spain during the pre-intervention year,
and 20.76% and 18.82%, respectively, during the second
post-intervention year. In both geographical regions, when
comparing the fourth pre-intervention year and the second
post-intervention year, the penetration rate of regular colas
diminished by more than 8 points and the one of diet colas
slightly increased in Catalonia, but decreased in the rest of
Spain. In Catalonia the penetration rate of purchased regular
colas diminished more than 4 percentage points during the
second post-intervention year compared to the pre-intervention year, while it only decreased by 2.3 points in the rest of
Spain. At the same time, in this period, the penetration rate
of diet colas increased by 2.5 points in Catalonia while it
decreased by 0.2 points in the rest of Spain.
Figure 1 depicts the annual evolution of the consumer
price index (CPI) for Catalonia and the weighted average of
the rest of the 16 Spanish ACs (CPI = 100 for 2016 in Spain)
for non-alcoholic beverages (mineral water, soft drinks and
juices). According to data from the National Statistics Institute (INE in Spanish), the annual inflation of the Consumer
Price Index (CPI) for non-alcoholic beverages, Catalonia and
the rest of Spain followed a similar trend since 2013 until
April 2017. The CPI for non-alcoholic beverages sharply
increased in Catalonia immediately after the intervention:
the CPI increased an 8.5% 3 months after the intervention
compared to the pre-intervention month. Also, the non-alcoholic beverage price index sharply increased in Catalonia
compared to the rest of Spain after the implementation of
the new SSB tax in May 2017, and the difference between
both indices remained at a similar level 2 years after the
intervention: the Catalan CPI was 9.0% higher than in the
rest of Spain in July 2017 and remained a 8.1% higher in
April 2019. This behaviour highlights the increase in the
prices of non-alcoholic beverages in Catalonia which may
Fig. 1  Evolution of the consumer price index base 2016
(Catalonia vs. rest of Spain).
Mineral water, soft drinks and
juices
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be an indication of some translation of the new SSB tax to
consumer prices.

Results for regular and diet colas purchases
Table 2 and Figs. 2 and 3 present the impact results of the
intervention for regular and diet cola purchases using the
fixed effects (FE) and the matrix completion (MC) models.
Table 2 shows the impact in terms of the average treatment
effect on the treated (ATT) and its significance. According
to the results in Table 2, the results are quite similar between
FE and MC models.
The ATT, averaged over all post-intervention months, for
regular cola per capita purchases based on the FE and MC
models are both significant at 99% and around -0.090 (95%
confidence interval (CI) − 0.141; − 0.0395) and -0.097 (95%
CI − 0.125; − 0.061) (l/p/m), respectively. This means that
SSB tax implemented in Catalonia was associated with a statistically significant decrease in regular cola purchases during the two post-intervention years. The root mean-squared
prediction errors (RMSPE) of 0.087 and 0.048 indicate a
better fit for the MC model. A 0.09 ATT coefficient is equivalent to a reduction of 9 centilitres (cl) per person per month,
or around 3.3 cans of 33 cl per person per year. This average
treatment effect is also equivalent to an average decrease for
regular cola purchases of 11.4% (FE model) and 12.1% (MC
model) during the two post-intervention years.
Also, the ATT, averaged over all post-intervention
months, for diet cola per capita purchases based on the FE
and MC models are both significant at 99% and around 0.085
(95% CI 0.035; 0.134) and 0.089 (95% CI 0.048; 0.115)
(l/p/m), respectively. This means that SSB tax implemented
in Catalonia was associated with a statistically significant
increase in diet cola purchases during the two post-intervention years. As in the case of regular cola purchases, the
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Table 2  Fixed effects and
matrix completion method
results: regular and diet cola
purchases

Covariates

SSB taxes
ACs fixed effects
Monthly fixed effect
RMSPE
Observations
Time periods

Regular cola per capita purchases (litres Diet cola per capita purchases (litres
per month)
per month)
FE (1)
− 0.090
(0.024)***
Yes
Yes
0.087
1326
78

MC (2)
− 0.097 (0.016)***

FE (3)
0.085 (0.023)***

MC (4)
0.089 (0.016)***

Yes
Yes
0.048
1326
78

Yes
Yes
0.081
1326
78

Yes
Yes
0.037
1326
78

Standard errors (in parenthesis) in columns (1) and (3) are clustered by autonomous community, standard
errors in columns (2) and (4) are produced by non-parametric bootstraps (blocked at the state level) of 2000
times
SSB sugar-sweetened beverages, FE two-way fixed effects, MC matrix completion method via nuclear
norm minimisation, ACs autonomous communities, RMSPE root mean-squared prediction error
Significance codes: ***0.01, **0.05, *0.1

Fig. 2  Trends in regular and diet colas purchases (Catalonia vs. synthetic Catalonia)

RMSPE’s of 0.081 and 0.037 indicates a better fit for the MC
model. This average treatment effect is also equivalent to an
average increase for diet cola purchases of 15.8% (FE model)
and 17.0% (MC model) during the two post-intervention
years.
Figure 2a, b shows the trends in per capita regular cola
purchases in Catalonia and the estimated synthetic Catalonia
using the FE and MC models, respectively. Also Fig. 2c, d

shows the same trends for diet cola purchases during the
study period. The ATT is the average difference between
both curves in the post-intervention period. As indicated
by the RMSPE, the synthetic observation obtained by the
matrix completion (MC) model better simulates the preintervention period with a better adjustment to actual observations. Figure 3a–d shows the gaps (ATTs) and their confidence intervals for monthly per capita purchases of regular
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Fig. 3  Monthly per capita gap in regular and diet cola purchases between Catalonia and synthetic Catalonia

and diet colas between Catalonia and the estimated synthetic
Catalonia.

Results for household purchasing penetration rates
The ATT averaged over all post-intervention months, for
regular cola monthly purchase penetration rates based on
the FE and MC models is only significant at 99% with
an estimated decrease of 1.27 (95% CI − 2.094; − 0444)
Table 3  Fixed effects and
matrix completion method
results: purchasing penetration
rates

Covariate

SSB taxes
ACs fixed effects
Monthly fixed effect
RMSPE
Observations
Time periods

percentage points for the MC model. This means that SSB
tax implemented in Catalonia was associated with a statistically significant decrease in regular cola penetration rates
during the two post-intervention years only under the MC
model. The root mean-squared prediction errors (RMSPE)
of 1.632 and 1.373 also indicate a better fit for the MC model
Table 3.
Also, the ATT, averaged over all post-intervention
months, for diet cola monthly purchase penetration rates

Regular cola household penetration rate
(percentage)

Diet cola household penetration rate
(percentage)

FE (1)
− 0.92 (0.604)
Yes
Yes
1.632
1326
78

FE (3)
1.58 (0.474)***
Yes
Yes
1.526
1326
78

MC (2)
− 1.274 (0.417)***
Yes
Yes
1.373
1326
78

MC (4)
1.651 (0.287)***
Yes
Yes
1.349
1326
78

Standard errors (in parenthesis) in columns (1) and (3) are clustered by autonomous community, and standard errors in columns (2) and (4) are produced by non-parametric bootstraps (blocked at the state level) of
2000 times
SSB sugar-sweetened beverages, FE two-way fixed effects, MC matrix completion method via nuclear
norm minimisation, ACs autonomous communities, RMSPE root mean-squared prediction error
Significance codes: ***0.01, **0.05, *0.1
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based on the FE and MC models are both significant at
99% and around 1.58 and 1.65 percentage points, respectively (Table 3). This means that the SSB tax implemented
in Catalonia was associated with a statistically significant increase in diet cola penetration rates during the
two post-intervention years and statistically higher than
the decrease for regular cola penetration rates, notwithstanding this decrease is not significant for all months in
the study period. Also, the RMSPEs of 1.526 and 1.349
indicate a better fit for the MC model. This average treatment effect is also equivalent to an increase for diet cola
purchases of 8.56% (FE model) and 8.96% during the two
post-intervention years (Table 3).
Figure 4a, b shows the trends in regular cola penetration
rates in Catalonia and the estimated synthetic Catalonia
using the FE and MC models, respectively. Also Fig. 3c,
d shows the same trends for diet cola penetration rates.
As indicated by the RMSPE, the synthetic observation
obtained by the matrix completion (MC) model better
simulates the pre-intervention period with a better adjustment to actual observations. Figure 5a–d shows the gaps
(ATTs) and their confidence intervals for monthly penetration rates of regular and diet colas between Catalonia and
the estimated synthetic Catalonia.

Testing the parallel trends assumption
To test the assumption of parallel trends, we have re-estimated the FE models including the interaction between the
treatment variable with the time-trend variable [48]. If the
coefficient of the interaction term is statistically not significant, we can reasonably expect the parallel-trends assumption to hold. Table 4 shows the F-test statistic obtained to
validate the parallel trends assumption in our four models.
From the results, it can be observed that the parallel trends
assumption is only valid for regular cola per capita purchases
and regular cola household penetration rate models, while
the parallel trends assumption is violated in diet cola per
capita purchases and diet cola household penetration rate
models. The previous result questioned the causal interpretation of the diet cola FE models estimates and justify the
use of MC models.

Robustness checks: placebo tests
To evaluate the significance of our impact estimates, we
analysed whether these results could be driven entirely by
chance. Figures 6 and 7 present the ATT gaps for the two
placebo tests performed to check the robustness of the previous impact estimates of the intervention on purchasing and
penetration results.

Fig. 4  Trends in regular and diet colas household penetration rates (Catalonia vs. synthetic Catalonia)
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Fig. 5  Household penetration rate gap in regular and diet cola purchases between Catalonia and synthetic Catalonia

The first placebo test applies the MC method to ACs that
did not implement the Catalan SSB tax during our study
period. In Fig. 6a, b the MC model was run by iteratively
applying this method to estimate the impact of the Catalan
SSB tax on each AC in the donor pool as though it was the
treated AC for regular cola purchases and penetration rates.
The grey lines represent the gap associated with the different runs of the test, that is, the difference in per purchasing
and penetration rates between each AC in the donor pool
and its respective synthetic version. The superimposed red
line denotes the gap estimated for Catalonia. In each iteration we reassign the SSB tax intervention to one of the eight
control ACs, we exclude those ACs with an RMSPE of two
times or higher than Catalonia. In both figures, it is observed
that Catalonia lies at the lower end for the most part of the
observations, which indicates that our estimates are robust in
Table 4  Parallel trends test using the time trend
Regular cola

Diet cola

Model

F statistic p value F statistic p value

Per capita purchases
Household penetration
rate

1.50
0.40

0.2389 19.12
0.5381 5.80

Significance codes: ***0.01, **0.05, *0.1
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0.0005***
0.0285**

front of the placebo test for regular colas. Our interpretation
is that if the placebo test shows that the gap estimated for
Catalonia is unusually large relative to the gaps for the other,
then our results provided evidence of a negative effect of the
SSB tax on regular cola purchases and the penetration rate.
Figure 6c, d also present the MC model results for this
first placebo test indicating that, differing from regular
cola results, our diet cola results could not be considered
as robust according to this placebo test using other ACs as
treatment units. In the case of diet cola purchases and penetration rate, these placebo test created gaps of magnitude
similar to the one estimated for Catalonia. Evaluated against
the diet cola gaps for the other ACs in Fig. 6c, d, the gap
for Catalonia does not appear highly unusual. Then, our
interpretation is that our results do not provide evidence of
a positive effect of the Catalan SSB tax on purchases and
penetration rate for diet colas.
Figure 7 presents the gaps for the second placebo test
using two different products unrelated to the intervention
with market share above 15%, garlic and tomato sauce.
These placebo tests were run by applying the MC method
to estimate the impact of the Catalan SSB tax on those two
products as though they were the treated products instead of
SSBs. Figure 7 represents the observed and synthetic trends
for per capita purchases and penetration rates of garlic and
tomato sauce. In the case of these two products, gaps in
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Fig. 6  Per capita purchases and household penetration rate gaps for Catalonia and different placebo autonomous communities. Matrix completion model

Fig. 7  Placebo test by products. Trends in garlic and tomato sauce (Catalonia vs. synthetic Catalonia). Matrix completion model
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Fig. 7a–d show that the intervention does not present any
impact on purchases and penetration rates for these two
products unrelated to the intervention.

Discussion
This study showed that an SSB tax implemented in 2017
and Catalonia, but not in the rest of Spain, with a higher
tax rate according to sugar content for beverages equal or
above 5 g per 100 ml had a negative impact on regular cola
purchases (12.1%) and penetration rate (1.27 points) during
the two post-intervention years, and a positive impact on diet
cola purchases (17.0%) and penetration rate (1.65 points).
Thus, the new tax has been useful to reduce the consumption of regular colas, but not overall cola consumption. This
evidence is important for the design of a similar tax for the
whole of Spain and for other Southern European countries
with similar SSBs consumption patterns.
We report a negative impact estimate of the SSB tax
implemented in Catalonia in 2017 on cola purchases which
is slightly higher than the reduction estimated for all taxed
beverages in a big supermarket chain in 2017 (7.7%) [33].
Notwithstanding, we also find that part of the reduction
in taxed sodas may have resulted in a substitution effect
towards diet colas, but differing from previous studies [33,
34], this substitution effect was not robust in placebo tests as
Fig. 6c, d illustrates. The lack of robustness for the impact
on diet colas recommends caution about always assuming
a significant substitution effect between regular and diet
cola beverages 2 years after the intervention, although our
results cannot shed light on the reasons why this effect was
not robust (reformulations and labelling changes of regular
colas, no substitution effect between regular and diet colas
and between regular cola brands, etc.).
The purchasing penetration rate for regular colas
decreased by 1.27 points during the 2 years after the implementation of the SSB tax. Previous studies about the Catalan
SSB tax did not estimate the impact on penetration rates.
However, our results for the overall population penetration rates indicate a more modest overall impact than the
reduction of SSBs among young people living in the poorer
neighbourhoods of Catalonia estimated using self-declared
information (− 39%) [35].
This paper is affected by some limitations. First, we analysed the impact on purchases which should not be confused
with the impact on consumption or total purchases given that
it does not include consumption in bars, restaurants, hotels,
vending machines, etc. Second, as it has been pointed out in
the literature [23], the use of untaxed beverages as control
is problematic because consumers may switch from taxed
to untaxed beverages. However, in this study, besides using
geographical controls, a placebo test was conducted using
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unrelated untaxed food products. Third, our impact evaluation is limited to regular and diet cola purchases, but our
dataset does not allow us to provide evidence on the impact
of the Catalan SSB tax on tax elasticity and what portion of
the tax is borne by consumers in the form of a price increase
(impact on consumer and producer surplus), despite the legal
requirement that 100% of the tax be passed through to retail
prices. Forth, our estimates do not consider the effects of
potential substitution effects among taxed brands and product forms (i.e., moving to lower priced brands or to higher
volume products) or labelling and reformulation changes
aimed at reducing sugar content and its corresponding tax
amount that have been reported for other European countries [51]. Finally, this study was not intended to provide
evidence on the optimality of the implemented Catalan
SSB tax, changes in dietary sugar intake or overall change
in social welfare considering all externalities, internalities
and the potential regressivity of tax revenues [1].
Future research should examine the short and long-term
effects of SSB taxes, similar to the Catalan SSB tax, on all
outcomes, going beyond purchases and including diet quality changes [23], allowing to estimate its overall effect on
consumer and producer surplus, including externalities and
internalities. Tax regressivity in empirical studies should
be analysed and estimated considering not only the origin
of tax revenues, but also considering the benefits of consumption reduction in response to the tax [1]. Also, more
observational research on nationally implemented SSB taxes
and more precise regression methods applied to updated
meta-analysis are needed to better understand the reported
heterogeneity in the decline of average beverage purchases
and dietary intake, and the non-significant increase in total
untaxed beverage consumption [30].

Conclusions
In conclusion, our impact evaluation of a new SSB tax
implemented in Catalonia since May 1, 2017 on the purchased quantities and penetration rates of taxed and untaxed
cola beverages with two different types of causal inference
methods (a two-way fixed effects difference in differences
model and a modified synthetic control model) showed an
important decline of regular cola purchases and penetration
rates (12.1% and 1.27 points, respectively, with the modified
synthetic control method) during the 2 years after the implementation. For diet colas, both outcome measures increased
(17.0.%, 1.65 points, respectively), but these models did not
pass the placebo tests. The SSB tax implemented in Catalonia in 2017 significantly reduced the volume and penetration
rates of regular colas during our post-intervention period
with no robust evidence for the substitution effect on diet
colas. This paper contributes substantially to the literature
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about the impact of SSB taxes by presenting evidence on not
only purchased quantities but also penetration rates of colas,
the most important and popular SSB, using a comparison
of two causal inference methods not previously applied to
this literature.
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