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Abstract

The current obesity crisis in the United Stategeiserating numerous alternative
policy options for combating the problem. One al&ive that has been widely proposed is
an excise or sales tax on sugar-sweetened nonedictleverages. This literature started out
within a very simple partial equilibrium framewoikot considering the feedback effects (or
general equilibrium effects) across interrelatedk®iais a shortcoming of these partial
equilibrium analyses. Our study is carried outdoeatain stochastic partial and general
equilibrium calorie, body weight and revenue effaafta tax on sugar-sweetened beverages
as well as incidence of such tax. We used Nielsaméscan data on prices and quantities of
selected non-alcoholic beverages purchased overetted January 1998 through December
2008. Probability density functions (pdfs) genedaising simulations of calorie outcomes
reveal that the calorie reduction due to tax orasisgveetened beverages is between 465 and
716 calories per person per month. However, corglide of both direct and indirect effects
in generating the effect of the tax on sugar-swestdoeverages reveal reduction as low as
199 calories per person per month and as high asal0ries per person per month.
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Background

The current obesity crisis in the United Stategeiserating numerous alternative
policy options for combating the problem. One al&ive that has been widely proposed is
an excise or sales tax on sugar-sweetened nonediictieverages (see Jacobson and
Brownell, 2000; Brownel&t al., 2009; Chaloupkat al., 2009; Smithet al., 2010; Zheret
al., 2011; Dharmasena and Capps, 2011). This literataréed out within a very simple
partial equilibrium framework where only own-prieffects were considered (Jacobson and
Brownell, 2000, Brownelét al., 2009, and Chalouple al., 2009). More recent partial
equilibrium work has incorporated the role of crpsige effects as well (Smittt al., 2010;
Zhenet al., 2011; and Dharmasena and Capps, 2011). Consme@ily of own-price
effects vis-a-vis consideration of both own-pricel &@ross-price effects resulted in
overestimated calorie reductions and consequeadyations in body weight.

A shortcoming of these partial equilibrium analysethat supply is assumed to be
perfectly elastic in each market such that theeenarfeedback effects across the interrelated
markets. An implication of this assumption is ttreg effects of the taxes are likely to be
overstated. In addition, because supply has beplcitty assumed to be perfectly elastic
there has been no need to consider the distribofitime tax between producers and
consumersi(e. the incidence of the tax) and there has beea ttthsideration of the industry

and tax revenue implications. Once supply is allb¥eebe less than perfectly elastic, then



we would expect responses in the prices in thetaged markets, as the price in the taxed
market changes and thus a total demand resposseradwn as the general equilibrium
demand response (Buse, 1958; Thurman and Wohlget#89). The general equilibrium
demand response takes into account not only ovae-d cross-price effects but also
feedback effects.
Objectives

Specific objectives of this study are: (1) to atxa stochastic partial equilibrium
calorie, body weight and revenue effects of a tasugar-sweetened beverages including the
incidence of the tax; and (2) to ascertain stoehgsineral equilibrium calorie, body weight
and revenue effects of a tax on sugar-sweetenestdges including incidence of the tax.
Specific categories of non-alcoholic beveragesidaened are sugar-sweetened beverages
(isotonics, regular soft drinks, and fruit drinkgjet soft drinks, high-fat milk (whole and 2%
milk), low-fat milk (1% and skim milk), fruit juicg bottled water, coffee and tea.
Analytical Framework

The demand, supply, and tax system can be repegsby the following differential
system;
(1) DQ; =X"={n;;DP; +n,, DP, (demand system),
(2)  DQ; = €;Dp; (supply system),
3) DB, = Dp,, + ADt (taxed price relation) where= 7/(1 + 7), and
(4)  DP; = Dp; for Vi # n (non-taxed price relation),
wheren is the taxed markefn-1) is the non-taxed markef;;are own-price and cross-price

demand elasticitieg;;is the own-price supply elasticity. We also asstimeechange in the



tax rate to be exogeneously determined. Solvingtbeementioned system gives rise to the
reduced form price system as follows (in matrixsy,
(5) DP = A"nADt = D,
whereDP is then vector of differential price changes;lis the inverse of the reduced form
relationship fxn) matrix of demand and supply elasticitigds then vector of price
elasticities with respect to th& price andr is then vector of reduced form price
transmission elasticities from the tax in tffemarket to alh prices. Consequently, the
general equilibrium system of a tax effect on stgyaeetened beverage consumption, calorie
intake, and tax revenue can be written as follows:
(6)  DQ; = [Z7i mijmjn + Nin(Tnn + )| DT (demand system);
(7)  DC =YXk w [X71nimjn + Nin(Tny + 2)] D7 (Calorie equation)
wherey;is the calorie conversion parameter;
(8) DRy = [y + X1 0ijjm + Nin (ny + )| D (tax revenue).
Utilizing this system of equations would allow wsdelineate the general equilibrium calorie
and revenue effects of an ad-valorem tax on sugeetned beverages.
Data

Initially, monthly household purchases of nonaldahbeverages (expenditure and
guantity information) are generated for each hoakkim the Nielsen HomeScan Panel data
over the period January 1998 through December 2088, the expenditure and quantity
data are summed over all households for each nfongach of the aforementioned
nonalcoholic beverage categories. As such, we ganaronthly purchase data to arrive at a
total of 132 observations for each nonalcoholicdrage category. Quantity data are

standardized in terms of gallons per person pertimand expenditure data are expressed in



terms of inflation-adjusted dollars. We generati values (real prices) for each non-
alcoholic beverage category by taking the ratiexggenditure to volume. Calorie conversion
factors are extracted for each non-alcoholic beyeecategory from Smitét al., (2010).
Empirical Estimation

We employ the quadratic almost ideal demand sy$@@dAIDS) to estimate
uncompensated own-price and cross-price demanticélas. Also, we assume a range of
supply elasticities to estimate the matixwhich then is used to estimate a range of price
transmission elasticities for a given tax rate. &gently, we estimate the differential price

changeDP. Once théP is estimated, we used the relatiédng = m;, DT andDP, = (1, +

A)Dt to estimate the demand system, calorie equatidriaanrevenue capturing calorie and
revenue effects of a tax in a general equilibrigtiisg. To account for elasticity
uncertainty, we use a stochastic equilibrium disptaent model (SEDM) (see Davis and
Espinosa, 1998) and therefore to generate empdhisiibutions for the quantity, calorie,
and revenue effects of the tax.

Stochastic Partial Equilibrium Displacement Model (SPEDM)

To generate SPEDM results, we first assume muigiteprior distributions for own-
price and cross-price elasticity estimates obtafrad the QUAIDS model. For the
preliminary analysis, we assumed truncated mult@mormal distribution for own-price
elasticities bounded from above with a zero. Cyosse elasticities are assumed to be
distributed multivariate normal. In contrast toM¥xand Espinoza (1998), who assumed all
elasticity estimates were independent, we incotpdtee fact that the estimates from our
demand system will be correlated. We generateelated standard normal deviate to

simulate the elasticity estimates assuming the pligiribution. Such correlated standard



normal deviates and subsequent simulations arénebtasing SIMETAR® software. Once
we obtain stochastic elasticity estimates, we @rerate stochastic calorie, body weight and
revenue effects of a tax on sugar-sweetened bex®rag

Stochastic General Equilibrium Displacement Model (SGEDM)

To generate the SGEDM, first we assume multivanpaior distributions for own-
price, cross-price demand elasticities generatad fUAIDS model and a range of supply
elasticities assumed based on literature. For thignpnary analysis, we assumed truncated
multivariate normal distribution for own-price efiggties bounded from above with a zero.
Cross-price demand elasticities are assumed teshédted multivariate normal. Supply
elasticities are assumed to be distributed trudcaeltivariate normal bonded below from
zero.

Using aforementioned prior distributions, we ar@osition to calculate stochastic
reduced form relationshipgn) matrix of demand and supply elasticities depidtted 1.
Then we obtain tha vector of stochastic reduced from price transroisgiasticities from
the tax in the i market to alh prices shown byr. Consequently, we are in position to solve
for the general equilibrium tax effect on sugar-steeed beverage consumption, calorie
intake, and tax revenue.

Results and Discussion

Our study is the first in the literature to addrése effects of a sugar-sweetened
beverage tax in a general equilibrium setting tgkire incidence of the tax into account. We
would expect general equilibrium effects to be demahan partial equilibrium effects. Also,

since we are using a stochastic equilibrium dispiaent model approach, we are in a



position to derive an empirical distribution foetbhange in calorie intake, weight outcomes
as well as for changes in revenue.
Stochastic Partial Equilibrium Calorie Outcomes

Probability density functions (pdfs) generatechgssimulations of calorie outcomes
reveal that the average reductions in caloriesidenag only the direct effects (only taking
into account the own-price elasticities of demaaré) 586 calories. The 95% upper and lower
guantile value for this estimate are 716 and 4&&ries respectively. However, consideration
of both own-price and cross-price elasticities lfbditect and indirect effects) in generating
the effect of the tax on sugar-sweetened beveragesl considerably different values for
mean and upper and lower quantiles. They are 4b0aidd 199 calories respectively.
Looking at the mean values for both direct andrextieffects reveal that calorie outcomes
are over estimated if only direct effect of tax@nsidered vis-a-vis both direct and indirect
effects. It is interesting to note that the uppeargile values are almost the same for both

effects, however the lower quantile varies notably.
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Figure 1: PDF Approximations of Calorie Effects of a Sugar-Sweetened Beverage Tax



Stochastic Partial Equilibrium Weight Outcomes

Probability density functions (pdfs) generated gsimulations for weight outcomes
reveal that the average reduction in body weighsittering the direct effects is 2.01 pounds
per person per year. The 95% upper and lower daardiue for this estimate are 2.4 and 1.6
pounds respectively. However, consideration of lalthct and indirect effects in generating
the effect of the tax on sugar-sweetened beveragesl considerably different values for
mean and upper and lower quantiles. They are 165l 0.7 pounds per person per year
respectively. Looking at the mean values for botaa and indirect effects reveal that
weight outcomes are over estimated if only dirdigtot of tax is considered vis-a-vis both
direct and indirect effects. It is interesting tmethat the upper quantile values are almost

the same for both effects, however the lower qleamtiries considerably.
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Figure 1: PDF Approximations of Weight Effects of a Sugar-Sweetened Beverage Tax
Conclusions

Probability density functions (pdfs) generated gsimulations of calorie outcomes
reveal that the calorie reduction due to tax orasisgveetened beverages is between 465 and

716 calories per person per month. However, corgid@ of both direct and indirect effects



in generating the effect of the tax on sugar-swesttdoeverages reveal reduction as low as
199 calories per person per month and as high asalfbries per person per month.
Probability density functions (pdfs) generated gsimulations for weight outcomes reveal
that the reduction in body weight considering threa effects is in between 2.4 and 1.6
pounds per person per year respectively. Thistregwén considering both direct and
indirect effect is in between 2.6 and 0.7 poundspeeson per year.

It is interesting to note that the upper boundnsost the same for both effects,
however the lower bounds vary considerably. Sinalalysis will be done for SGEDM and

stochastic calorie, weight and revenue outcomdseifenerated.
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