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Ad-valorem tax incidence and after-tax price adjustments:  

evidence from Brazilian basic basket food. 

 

 
 

Abstract: We examine price responses to ad-valorem tax changes in the Brazilian food market over the 

period 1994-2008. In particular, we investigate VAT incidence for ten goods representing basic basket 
food in 16 states. Our results suggest tax undershifting to retail prices for all goods. However, once tax 

rates rises and falls are taken into account separately, we also obtain results of tax fullshifting and tax 

overshifting.  We conclude that tax incidence estimative can produce different outcomes depending on the 
direction of tax rate changes. Finally, our results indicate that food retail price responses to VAT changes 

are somewhat instantaneous.  

 

Keywords: Tax Incidence, inclusive-tax Price adjustments, tax shifting, pricing asymmetry. 
 

JEL codes: H2, H22. 

 
 

 

I. INTRODUCTION 

In an indirect taxation context, policy makers typically assume that tax changes are fully shifted to 

retail prices. Recent empirical work on tax incidence has examined this hypothesis and results are 

somewhat mixed: while some authors find evidence of tax overshifting or tax undershifting, others do not 

reject the null hypothesis of tax full shifting.
1
 

In this paper we collect new data on ad-valorem tax changes for ten goods that make up the basic 

basket food in 16 major Brazilian cities. This basket is comprised of perishables (beef, bread, butter and 

                                                             
1 Poterba (1996) considers the effects of ad-valorem tax on clothing, city-specific clothing, and personal care price 

data covering the 1947–1977 periods and finds evidence of tax full-shifting. This is in contrast to Besley and Rosen 

(1999), who investigate the incidence of sales taxes using quarterly price data for 12 specific commodities such as 

milk and shampoo in 155 different U.S. cities for the period 1982–19 and do not only find full shifting for a number 

of commodities but also find over-shifting for more than half the products, a result they attribute to imperfect 

competition in the retail sector. Delipalla and O‟Donnell (2001) find evidence of under-shifting for ad-valorem tax in 

the European cigarette industry. However, Young and Bielínska–Kwapisz (2002) find tax over-shifting for the 

cigarette industry in the U.S. Alm, Sennoga, and Skidmore (2009) examine the incidence of state gasoline excise 

taxes using monthly price data for all 50 states in the United States over the period 1984–1999. They identify full 

shifting of gasoline taxes to the consumer, with changes in gasoline taxes fully reflected in the tax-inclusive gasoline 

price almost instantly. They also find that the incidence of excise taxes depends on the competitiveness of retail 

gasoline markets (e.g., urban vs. rural markets). 
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milk) and staples (bean, coffee, flour, rice, soybean oil and sugar). In particular, we examine retail price 

responses to ad-valorem tax changes over the period 1994-2008. Our data on food goods present more tax 

reductions (75% of the tax movements) than tax increases; this represents a different opportunity to 

identify price adjustments to tax changes with regard to incidence and asymmetry.
2
 

Thus, the aim of this paper is to provide new empirical evidence on tax incidence and asymmetric 

price responses. To achieve this purpose our empirical work is conducted in two steps. First, we explore 

large tax reforms in Brazil to estimate tax incidence for the ten goods cited above. Our baseline 

specification reveals tax under-shifting for all goods in our sample. Second, we test whether tax rate rises 

affect prices in different magnitudes when compared to tax rate falls. Results indicate that tax-inclusive 

prices may follow different patterns of adjustment compared to our baseline model. Once tax rates rises 

and falls are taken into account separately, we obtain results of both tax fullshifting and tax undershifting. 

These results suggest that tax incidence estimative can produce different outcomes depending on the 

direction (if positive or negative) of tax rate changes. The implication of these findings is straightforward: 

policy makers should expect different after-tax prices responses and different social welfare impacts to tax 

rate changes depending on the direction of the fiscal change. Finally, we address the short- and long-term 

relationships between asymmetric pricing adjustment and ad-valorem tax rate parameters in an error 

correction model (ECM). This approach allows checking for the speed of price adjustment as well the 

controlling of all parameters, including the lagged dependent variable, in the empirical specification.  

The remainder of this article is structured as follows. In the next section we detail what constitutes 

a basic basket food and briefly discuss Brazilian tax legislation. The empirical model of tax incidence, the 

data, and methodology are discussed in Section III. Section IV presents the results for tax incidence and 

for pricing behavior. Section V discusses the relation of our findings to the theoretical framework. Finally, 

Section VI concludes. 

                                                             
2 One possible explanation for the lack of studies on empirical tax incidence and price asymmetric response is that in 

the U.S. and most European countries, both ad-valorem and excise taxes have increased over time, making it difficult 

to find any data where tax increases and tax reductions are available. 
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II . TAXES BACKGROUND AND BASIC BASKET FOOD IN BRAZIL  

In Brazil, ad-valorem tax is known as State Tax on Commodities Flow and Services Operations 

(ICMS).
3
 According to the Internal Revenue Service in Brazil (IRS-B), in 2008 Ad-valorem tax accounted 

for around 33% of government tax revenue (considering both direct and indirect tax at State and Federal 

levels) and around 65% of the state total tax revenue (including federal entitlements).  

Ad-valorem is collected by the States and the tax base definition is uniform across States as it 

follows federal laws. Additionally, ad-valorem tax is collected by both retailers and manufactures. To 

avoid double taxation, taxpayers are allowed a credit for tax collected at previous stages in the production 

chain. When inputs are tax exempt, no tax credit is allowed. Because of this invoice credit-mechanism 

ICMS (hereafter referred to as VAT) can be classified as a value added tax. Despite this mechanism, 

indirect inputs as energy and telecommunications costs, when not directly associated to the production 

function do not allow for a tax credit. Besides, VAT is a tax-inclusive rate. This means that the tax rate 

refers to a fraction of the price including tax.
4
 Yet, municipalities (local) tax lialibilities charge a different 

tax base, mainly services, and do not allow for a VAT credit.  

VAT rates are defined at the State level but lower and upper limits of tax rates are set by federal 

law. One exception is presented by basic basket foods. In 1938, Federal Act No. 399 defined basic basket 

foods as goods that should provide a balanced diet for an adult with “minimum amounts of protein, 

calories, iron, calcium and phosphorus.” This basket includes banana, bean, beef, bread, butter, coffee, 

flour, milk, potato, rice, soybean oil, sugar and tomato. On July 1992, a federal tax agreement enabled 

each state to define its own basic food basket and to cut VAT rates (below the minimum federal rate) for 

                                                             
3 Despite its name, ICMS incidence is for commodities only. 

4 Consider the following example elaborated in Fabretti (2006): a commodity with a tax-inclusive rate of 18 percent 

and a final price of $100.00: 

After-tax price * tax rate = $100 X 0.18 = 18 (price before tax = $ 82). 

To obtain the tax-inclusive price it follows: 

Before-tax price/ (1-0.18) = $82/0.82=  $100  

This equals $82 X 1.2195 = 100 (inclusive tax price). 

Thus the tax-exclusive rate is 21.95%. 
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these items. In the following years, this legal framework generated a great number of tax movements over 

time and across states. Subsequently, ten of these commodities (exceptions are banana, potato and tomato, 

which are tax-exempt
5
) have suffered several tax rate changes at the state level. Regarding our empirical 

investigation, food goods are homogenous products with minimal variation over time and between brands. 

For these reasons, the other ten goods constitute our sample.  

Figure 1 plots four graphs that consider VAT rate distribution for four commodities (bean, milk, 

soybean oil and sugar) in all Brazilian States. The figure shows: i) the increase in the participation of low 

tax rates (less than 12%) over the years in 16 Brazilian states and ii) the different patterns in tax rate 

distribution across the markets. For instance, in 2006, almost 60% of states imposed a 12% VAT on milk, 

while the percentage for sugar in the same period is only 20%. 

 

FIGURE 01

Distribution of States Tax Rate, 1994 to 2006

Notes : Columns are proportion of States and Legend brings Tax Rates.
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5 Actually, banana and tomato are tax-exempt for all cities during all time periods and are thus excluded. Although 

potato has presented tax rate changes in three cities over the period of analysis, price data are available for only nine 

cities. For this reason, potato was also excluded from the sample. 
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Besides VAT, there are federal fees and federal indirect taxes in Brazil. They share the same tax 

base of the VAT (State level) but are a federal liability. Indirect federal tax follows a progressive scheme 

in which luxury goods are highly taxed and most food goods are tax-free.
6
 There are three different types 

of federal fees. The main difference between taxes and fees is that the latter are earmarked to be used for 

specific purposes such as social security. Two of these fees are charged for goods or services and most of 

their revenues are directed to public health and labor insurance programs
7
. The third fee is charged for 

checking account movements. Fee rates have changed from five to six times, depending on the 

commodity, from 1996 to 2006.
8
 We consider a robust model in which all these tax variations are 

accounted for.
9
 

The ten goods under analysis account on average for 4.3% of Brazilian household total expenses 

and 25.4% of household food expenses in 2003, according to the Brazilian Bureau of Statistics (IBGE). 

Due to this socio-economic importance, there is debate over whether food goods should be tax-exempt or 

                                                             
6 This is the case in nine out of ten goods in our sample. The only exemption is sugar, which incurs a 5% tax rate. 

The rate for this federal tax has not changed over the time period under analysis. 

7 The fees are: contribution for the financing of social security regulations (Cofins), contribution for the program of 

social integration (PIS/PASEP) and fee on banking checking account transactions (CPMF). Table A2 in the 

Appendix shows a summary with fee rate changes. 

8 Actually, the federal fees cannot be obtained from retail prices. As pointed out by Fabretti (2006), fee incidence is 

on each level of the production chain and can follow a cumulative scheme: from the farm, to industry, to wholesaler 

and to retail stores. When estimating such rates, the length of the production chain should be taken into account. 

Thus, the longer the production chain, the larger the weight of the contribution fee on the retail price. To obtain an 

estimate of fee rates, we assume four stages of production. For fee rate changes see Appendix A1. 
9 We have to be cautious regarding the results for beef, bread and milk due to the tax legislation regarding small 

retail shops, as defined by Brazilian Federal Act No. 9.317. To simplify tax collection and avoid tax evasion in these 

small shops, all types of local, state and federal taxes have been unified in a single tax rate since December 1996. 

Consequently, changes in commodity sales tax rates result might in smaller changes in the tax burden for small 

establishments compared to larger ones. Although tax rates might not change much for these small shops, they do 

change for larger retail stores such as supermarkets. This imposes a limitation in the analysis of beef, bread and milk 

(for which approximately 40% of sales in our data occurs at butcher shops and bakeries), as there is no price data 

available by store type. For these goods, we are capturing a weighted balanced effect between supermarket sales and 

bakery sales. Most price data (more than 90%) for the other goods (bean, butter, coffee, flour, rice, soybean oil, 

sugar) come from supermarkets. 
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not, as low-income families expend more of their budgets on food than their higher-income counterparts; 

thus, the tax burden could be regressive. The São Paulo Industry Association, for instance, proposes that 

all food goods should be tax-exempt.
10

 

 

III. EMPIRICAL FRAMEWORK 

A. Baseline Model 

We start with a reduced-form model based on Besley and Rosen (1999) to investigate whether the 

VAT rate is fully shifted to prices. To maximize profits, Besley and Rosen (1999) summarize that firm 

prices are a function of tax and costs, including local costs. The empirical specification assumes a semi-

logarithmic form, in which the dependent variable is the log deflated price and the right-hand side 

variables are tax rates, local costs, federal fees, time and local effects as follows: 

 

 gjttjgtggjtggjtggjt timecityscp   321ln   (1) 

 

In (1), the subscript g stands for the commodity, j for the city, and t for time. The model‟s 

variables are as follows: p stands for inclusive tax price (of commodity g, in city j and at time t),  , 

represents VAT rate, c represents observed variable costs that may reflect spatial and intertemporal cost 

variations, s represents federal fees for each good that are common to all locations; city represents unit 

effects; time represents time effects; and ε represents a  random white-noise error term. 

We group the three different fees into a single federal tax variable, as these federal taxes have 

common rates in all cities in the sample, and change only with time and for some commodities. 

Additionally, the price variable is expressed in real terms as of June, 2008, using the Consumer National 

Index Price (IPCA). Price is deseasonalized by multiplicative regression adjustments and quarterly 

                                                             
10 Federação das Indústrias do Estado de São Paulo (FIESP) in Portuguese.  According to the report “O peso dos 

tributos sobre os alimentos no Brasil”(2008), Brazilian tax burden on food goods is one of the highest worldwide.  
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dummies are also included to control seasonality within the monthly data.
11

 To account for permanent 

demographic and socioeconomic features (non-observed fixed effects) of each geographic market we 

employ a fixed effect model. Furthermore, time dummies are included to capture temporal effects, such as 

macroeconomic shocks common to all units of analysis.
12

  

In equation (1), the main parameter to be considered is g1 ,
 which estimates whether the tax 

effect is equally (i.e., with the same magnitude) passed through to the commodity‟s price. Under perfect 

competition, the null hypothesis is that g1  = 1, and tax changes are fully reflected in monetary terms in 

the after-tax prices. On the other hand, if one finds g1 < 1, then there exists tax under-shifting and 

when g1 >1 tax is positively passed through or overshifted. 

 

B. Data 

We collect monthly tax-inclusive prices for all ten food goods in 16 different cities in the Inter-

Union Bureau of Statistics and Socio-Economic Studies (DIEESE)
13

 data. The 16 cities are all State 

capitals and, according to IBGE, they account for around 20% of the country‟s population. Cities are 

located in all five regions of Brazil: Belém (North); Aracaju, Fortaleza, João Pessoa, Natal, Recife and 

Salvador (Northeast); Brasília and Goiânia (Midwest), Belo Horizonte, Rio de Janeiro, São Paulo and 

Vitória (Southeast); Curitiba, Florianópolis and Porto Alegre (South). We use DIEESE data since they are 

available for the largest number of locations.  

                                                             
11 Data are deseasonalized following the U.S. Bureau of the Census X-11 Seasonal Adjustment program. We first 

deflate price data and then apply season adjustment, as monetary variation presents a more irregular and larger 

variability pattern as compared to better-behaved season variability pattern. Most seasonal dummies are not 

significant but we keep then in order to be conservative. At this time, we should point out that results with raw (only 

deflated) data are not qualitatively different. 
12 At this time, we should emphasize that a Hausman test was implemented and the results present no statistical 

difference between a random effect and a fixed effect model.  
13 DIEESE collects data on different types of retail businesses such as grocery stores, bakeries, butcher shops, and 

supermarkets. In São Paulo City, for instance, prices are collected in 70 different stores. 
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A systematic compilation of State VAT tax is not available and we collect tax rate information 

from each state tax legislation. The selected data exclude the period of hyperinflation in Brazil (before 

1994). For the sample period from July 1994 to June 2008, there were 209 tax changes in 16 states. Milk 

presented the minimum variability, with 15 tax changes, while flour presented the most variability, with 

26 tax changes. Flour and soybean have experienced tax changes in 14 states, and milk in eight different 

states. VAT rate changes are large, ranging from 5 to 18 percentage points. Tax rate decreases are 

prevalent and average VAT rates on food have decreased over time. Table 1 summarizes the data.     

TABLE 1

Summary of Tax Rate Changes

In number of

Commodity Total Increase Decrease States (from 16)

Bean 22 6 16 11

Beef 21 6 15 10

Bread 17 4 13 9

Butter 17 3 14 11

Coffee 26 8 18 13

Flour 27 6 21 14

Milk 15 4 11 8

Rice 19 5 14 10

Soybean oil 25 7 18 14

Sugar 20 4 16 12

Total 209 53 156  

In addition, Federal legislation provides information about Federal fee rates. For specific costs of 

each locality, we use the National Index of Labor and Building Costs (SINAPI), a monthly price variation 

calculated by IBGE. The reasons for using such information as a cross-section costs variable are two: 

First, it captures changes in local costs of labor and building materials, and second, it is the only cost-

effective index available for the 16 localities. Afterward, in section IV, we discuss a methodology to 

investigate whether price adjustments respond symmetrically to tax movements. 

Table 2 shows descriptive statistics for price, VAT rate and federal fees. Despite an average VAT 

rate of around 10% for all commodities, the range is quite large, varying from 0% to 18%. Most frequent 

tax rate values are 0%, 7%, 12%, 17% and 18%. This type of variation provides the opportunity not only 

to examine tax shifting but also to investigate tax asymmetry on prices, considering tax rate increases and 

decreases. 
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TABLE 2

Summary Statistics

Commodity Unit Mean Standard Mean Standard Minimum Maximum Mean Standard

Deviation Deviation Deviation

Bean 1 kg 2.81       0.90       0.091     0.045     0 0.170 0.041     0.029     

Beef 1 kg 9.42       1.51       0.094     0.049     0 0.170 0.066     0.020     

Bread 1 kg 4.88       0.88       0.119     0.048     0 0.170 0.066     0.020     

Butter 1 kg 14.87     2.96       0.129     0.046     0 0.180 0.066     0.020     

Coffee 1 kg 11.35     3.35       0.103     0.045     0 0.180 0.066     0.020     

Flour 1 kg 1.69       0.40       0.088     0.050     0 0.170 0.066     0.020     

Milk 1 lit. 1.51       0.24       0.081     0.056     0 0.170 0.060     0.025     

Rice 1 kg 1.86       0.44       0.097     0.041     0 0.170 0.041     0.029     

Soybean Oil 0,9 lit. 2.54       0.65       0.109     0.045     0 0.180 0.066     0.020     

Sugar 1 kg 1.42       0.37       0.098     0.052     0 0.180 0.066     0.020     

Notes : Local costs percentual variation (SINAPI) presented for all units mean of 0,0069 and standard deviation of 0,013.

Price (in 2008 Reais) Sales Tax Rate Federal Fees

 

Even though tax rates vary considerably among units compared to variation across time, both 

intertemporal and cross-sectional coefficients of variation are quite large. For the across-time variation, we 

estimated a mean coefficient of 0.234 for the ten commodities
14

 while the correspondent cross-sectional 

variation went from 0.412 (July 1995) to 0.443 (July 2005). To provide some comparison, Besley and 

Rosen (1999) find an intertemporal coefficient of variation in mean general tax rate of 0.11 and a cross-

sectional variation of 0.21 in a „typical quarter.‟ 

 

C. Methodology 

To obtain a consistent estimative of the econometric relations, we examine the presence of non-

spherical errors: serial correlation, group-wise heteroskedasticity, contemporaneous correlation across 

units, and test for price series stationarity. We apply the Wooldridge (2002) test for serial correlation in 

linear panel data and find that the null hypothesis of no serial correlation could not be accepted for all 

goods. Furthermore, the Wald modified test rejects the null hypothesis of group-wise homoskedasticity, 

and the Breusch and Pagan Lagrange multiplier statistic test identifies the presence of contemporaneous 

correlation among cross sections for all commodities in the sample. The null hypothesis for these three 

                                                             
14

 The largest cross-time variation coefficient is found for beans (0.335) and the lowest is found for bread (0.122). 
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statistical tests is rejected for all goods at the 99% significance level.
15

 A methodology that addresses the 

issues of group-wise heteroskedasticity and contemporaneous cross-sectional correlation is proposed by 

Beck and Katz (1995) and termed panel-corrected standard error (PCSE). This method proposes to keep 

the ordinary least square (OLS) estimates of the coefficients while replacing standard errors with PCSE
16

. 

Thus, standard errors are estimated through a within estimator that addresses the information of 

correlation in the covariance matrix, considering panel-corrected standard errors.
17

 

Last, panel unit root tests on the retail prices of the ten goods reject the hypothesis that price series 

are stationary for all them. In order to obtain stationarity, variables are used in first difference (FD). 

Additionally, first differencing can correct for autocorrelation. We also report results considering that 

variables are in level terms.
18

 

First difference is a re-parameterization of the model in equation (1) in which the dependent 

variable and the explanatory variables are measured in changes, as follows in equation (1.A)
 
: 

,ln 321 ijttitiijtiijtiijt timescp    (1.A)   

                                                             
15 See Table A.3 in the Appendix for a complete description of the results. 
16 Additionally, PCSE asymptotic properties are based on a large number of time periods (large T, similar to our 

case) increasing to infinity. Panel regressions may determine an improper inference because standard errors are more 

sensitive to violations of model assumptions such as homoskedasticity and absence of autocorrelation when using a 

model with large time periods in contrast to one with a large number of cross-sectional units. For a discussion about 

this theme see Greene (2003) and Wooldridge (2002). 
17 As noted by Beck (2008), PCSE are the squared roots from the diagonal terms 

of     11
)'('' 

 XXXIVXXX T . The matrices V form the diagonal terms of the covariance matrix of the error 

terms.  Given that the OLS estimation is still consistent, each 
^

V  element can be estimated using OLS residuals from 

T
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T

t
ji

,,1
,

^


  . 

18 It is noteworthy to remember that the dependent variable and the independent variables may present a linear 

combination that is stationary, a co-integration. In this case, as noted by Enders (2004), differencing can cause 

misspecification error as the long-run equilibrium relationship is excluded. We approach this discussion in Section 

IV through an error correction model (ECM). So far in a static framework, however, we are more concerned with the 

consistency of OLS. Regardless, specification in level or in first difference produces qualitatively similar results. 
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in which: 

11111 ;;;;   ijtijtijtijtijtijtijtijtijtijtijtijtijtijtijt ssscccPPP   

 To test for price asymmetry, all tax rate movements are divided into two new variables, according 

to increase and decrease movements. This leads to function (2): 

,ln 4321 ijttitiijtiijtiijtiijt timescp   
  (2)  

In which: 

 0,max ijtijt   
 and  0,min ijtijt   

 

 This specification can raise some econometric issues, as it does not distinguish short run and long 

run relationships. However, we should emphasize that results are similar to the more robust approach 

discussed in next section (IV). So far, we start our analysis with functions (1), (1.A) and (2).
19

  

 

IV. RESULTS  

A. Tax Shifting 

Our baseline results for tax rate shifting parameters and hypothesis tests are presented in Table 3.  

To test the hypothesis of tax full shifting to prices, a statistical t test is applied to determine whether the 

coefficient of tax rate pass-through is equal to one or not. Our estimates suggest tax under-shifting for all 

of the sample goods. The largest tax under-shifting parameter is found for rice, in which an estimated 

coefficient of 0.545 suggests that a tax rate increase equivalent to 10 cents can raise tax-inclusive prices 

by about 5.45 cents. Bean, bread, butter, coffee, and sugar also present significant coefficients with 

estimated values of 0.49; 0.26; 0.51; 0.38 and 0.49, respectively at the 99% significance level. Milk and 

soybean oil present positive estimated coefficients, but are not statistically significant. For beef and flour 

the estimated coefficient is negative but not significantly different from zero for flour. The results suggest 

that tax rate changes on flour, milk and soybean oil could not produce effects on retail prices..  

                                                             
19

 To provide a reliable comparative source to PCSE results we also present the coefficient results for the robust 

(White-Huber) FD pooled estimator in the Appendix (Tables A.8 and A.10). 
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Local cost parameters are positive and significant at the 99% level for eight out of ten goods and 

at the 95% level for beans. Coefficient estimates are quite close. With the exception of soybean oil 

(estimate coefficient 0.02), all coefficients are between 0.40 and 0.61. The small range of values for this 

parameter reinforces the use of this information as a good approximation to local costs. The federal fees 

coefficient is statistically significant at least at the 5% level for beef, coffee, flour and soybean oil with a 

positive sign, as expected. Overall results are quite similar compared to the case where this variable is 

excluded from regression. Last, significance levels for the pooled FD specification are fairly similar to 

those obtained with PCSE.
20

  

First differenced (function 1.A) results are similar. With exception of the large fall at the butter tax 

shifting parameter, the coefficients on tax rate pass-through and control variables for the other nine goods 

are close to the baseline estimative. In contrast, when we move to the asymmetric estimative (function 2), 

results indicate different tax shifting patterns after tax rate increases. Besides tax undershifting (beef, 

bread, coffee, milk, rice and soybean oil), we also find evidence of tax fullshifting (bean, butter and flour) 

and tax overshifting (sugar). These findings are more similar to Besley and Rosen (1999) results. Their 

data on tax rate present a strong upward trend (see e.g. Figure 1, page 164) and are more related to our tax 

increase parameter. If we turn the analysis to the tax rate decrease parameter, we still find evidence of tax 

undershifting for all goods in the sample. These findings suggest that tax shifting patterns depend on the 

direction of the tax rate changes.  In the following sections, we address these issues in a more robust 

approach. 

 

                                                             
20 For details on both PCSE estimation without federal fee parameter and pooled FD estimation, see Table A7 and 

Table A8, respectively, in the Appendix. 
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TABLE 3

Estimative Results

Dependent variable: natural log of after tax price

(1) (1.A) (2) tax
+

(2) tax
-

(1) (1.A) (2) (1) (1.A) (2)

Bean 0.491*** 0.453* 0.349 0.472* 0.395*** 0.306** 0.307** -4.292 -1.160 -1.160

(0.166) (0.250) (0.627) (0.271) (0.142) (0.123) (0.123) (2.762) (2.615) (2.615)

Beef -0.252*** 0.089 0.068 0.097 0.451*** 0.429*** 0.429*** 0.954 1.296** 1.296**

(0.061) (0.111) (0.188) (0.136) (0.037) (0.029) (0.029) (0.680) (0.580) (0.580)

Bread 0.255*** 0.108 0.206 0.079 0.426*** 0.379*** 0.379*** 0.164 0.830 0.831

(0.099) (0.133) (0.262) (0.153) (0.039) (0.031) (0.031) (0.721) (0.623) (0.623)

Butter 0.508*** 0.185 2.211*** 0.061 0.444*** 0.385*** 0.385*** 1.398* 0.863 0.865

(0.129) (0.175) (0.760) (0.181) (0.042) (0.035) (0.035) (0.755) (0.660) (0.660)

Coffee 0.377*** 0.344*** 0.300 0.354*** 0.397*** 0.363*** 0.363*** 1.753** 2.777*** 2.777***

(0.098) (0.110) (0.270) (0.121) (0.045) (0.035) (0.035) (0.825) (0.677) (0.677)

Flour -0.170 -0.013 1.155*** -0.148 0.396*** 0.359*** 0.359*** 1.762* 1.694** 1.703**

(0.124) (0.146) (0.398) (0.156) (0.051) (0.045) (0.045) (0.940) (0.855) (0.850)

Milk 0.003 -0.104 0.357 -0.182 0.502*** 0.473*** 0.473*** -0.012 0.146 0.148

(0.095) (0.110) (0.328) (0.116) (0.029) (0.028) (0.028) (0.520) (0.526) (0.526)

Rice 0.545*** 0.436** 0.229 0.479*** 0.462*** 0.339*** 0.339*** -0.057 0.407 0.405

(0.117) (0.171) (0.442) (0.186) (0.089) (0.064) (0.064) (1.613) (1.271) (1.272)

Soybean oil 0.041 0.093 0.207 0.199 0.018 -0.022 -0.021 3.027* 3.649*** 3.653***

(0.080) (0.106) (0.352) (0.145) (0.033) (0.021) (0.021) (1.693) (1.312) (1.311)

Sugar 0.485*** 0.453*** 2.919*** 0.236 0.611*** 0.492*** 0.492*** -0.341 -1.059 -1.050

(0.101) (0.164) (0.599) (0.168) (0.095) (0.073) (0.072) (1.740) (1.442) (1.424)

TABLE 3 (cont.)

(1) (1.A) (2) tax
+

(2) tax
-

(1) (1.A) (2) (2)

Bean under under full under 3.059*** 2.188** 1.037 1.945***

(0.003) (0.030) (0.301) (0.054)

Beef under under under under 20.437*** 8.223*** 4.945*** 6.666***

(0.000) (0.000) (0.000) (0.000)

Bread under under under under 7.533*** 6.725*** 3.033*** 6.003***

(0.000) (0.000) (0.003) (0.000)

Butter under under full under 3.814*** 4.649*** 1.593 5.197***

(0.000) (0.000) (0.113) (0.000)

Coffee under under under under 6.329*** 5.943*** 2.592*** 5.353***

(0.000) (0.000) (0.010) (0.000)

Flour under under full under 9.409*** 6.929*** 0.390 7.343***

(0.000) (0.000) (0.697) (0.000)

Milk under under under under 10.492*** 10.042*** 1.957* 10.195***

(0.000) (0.000) (0.052) (0.000)

Rice under under under under 3.897*** 3.289*** 1.746* 2.810***

(0.000) (0.001) (0.083) (0.006)

Soybean oil under under under under 11.926*** 8.527*** 2.257** 5.521***

(0.000) (0.000) (0.025) (0.000)

Sugar under under over under 5.079*** 3.346*** 3.205*** 4.534***

(0.000) (0.001) (0.002) (0.000)

in parentheses are panel corrected standard erros;

* significant at 10%; ** significant at 5%; *** significant at 1%;

(1) Baseline function;

Number of observations 2,660;

Regression includes time effects and individual effects.

(1.A) FD baseline function;

(2) FD Asymmeric function;

Number of observations 2,644;

Regression includes first-differenced time effects.

Tax coefficient Parameter

Shifting Pattern t  test: βvat=1

Local Cost Federal Fees
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B. Robustness  

In this section we address a reasonable concern regarding whether year effects, unit effects and 

local costs are sufficient to control for demand and supply relationships. To provide some robustness, we 

re-specify equation (1) to include an additional parameter, in which f stands for farm prices. This inclusion 

is relevant not only because farm prices capture specifics of the supply side, but also for the reason that 

they are tax-free.
21

 After first differencing farm prices to include in equation 1.A, equation (3) follows: 

gjtgtjtggtggjtggjtigjt timefscp   lnln 3321  (3) 

The main drawback of this approach is that we do not have national farm prices available to all 

goods for all time periods of this research. However, we consider natural log of deflated farm prices
22

 

found at the Bureau of Agricultural Economics of São Paulo (IEA) for São Paulo State.  It is quite 

reasonable to assume São Paulo farm prices as a proxy for those of all other states as well. For instance, 

the correlation between São Paulo State farm prices for milk and national farm prices is around 99%. 

Moreover, agriculture production in Sao Paulo is spread among a large number of farms, thus these prices 

should reflect a fairly closed competitive market behavior.  

The results are shown on the left side of Table 4. We observe that the tax rate coefficients are 

close to those ones obtained in the previous section (Equation 1.A). The main difference is found for rice, 

in which the tax rate coefficient drops to 0.36 (compared to 0.44), but still indicates tax-under shifting. 

Farm price coefficients are significant at the 99% level for all goods and positive for nine goods
23

, an 

intuitive result. Local costs are still significant at the 99% level for seven goods, but the estimated 

coefficient dropped for eight goods, an expected result as the farm price should account for some fraction 

of total costs; for this same reason, it decreases the local labor cost coefficients.  

                                                             
21 Wholesale prices are only available for São Paulo and are tax-inclusive prices, which could lead to bias in the 

estimation of the tax-shifting parameter. 
22 We first deflated farm prices and then de-seasonalized them, using exactly the same procedure for after-tax price 

as described in section III.A. 
23

 For flour, the farm price coefficient is negative and significant at the PCSE estimate, but close to zero.  



 16 

 

TABLE 4

Specification (2) Results 

Dependent variable: FD of natural log of after tax price

(A) (B) (C) (D) (E)

Bean 0.494** 0.274** -2.305 0.274*** 2.118**

(0.239) (0.108) (2.309) (0.041) (0.036)

Beef 0.097 0.468*** 1.025* 0.117*** 8.105***

(0.111) (0.029) (0.568) (0.024) (0.000)

Bread 0.122 0.308*** 0.980 0.105*** 6.676***

(0.132) (0.033) (0.606) (0.018) (0.000)

Butter 0.188 0.369*** 0.715 0.214*** 4.636***

(0.175) (0.034) (0.631) (0.036) (0.000)

Coffee 0.327*** 0.010 2.612*** 0.110*** 6.193***

(0.109) (0.051) (0.609) (0.019) (0.000)

Flour -0.015 0.355*** 1.644* -0.010*** 6.940***

(0.146) (0.045) (0.859) (0.003) (0.000)

Milk -0.110 0.462*** 0.051 0.137*** 10.080***

(0.110) (0.027) (0.514) (0.029) (0.000)

Rice 0.355** 0.354*** 0.103 0.301*** 3.840***

(0.168) (0.058) (1.156) (0.048) (0.000)

Soybean oil 0.097 -0.031 3.091*** 0.282*** 8.960***

(0.101) (0.019) (1.133) (0.036) (0.000)

Sugar 0.402** 0.489*** -0.609 0.343*** 3.694***

(0.162) (0.070) (1.379) (0.072) (0.000)

Notes: (A) Tax Shifting Parameter

(B) Local Costs Parameter

(C) Federal Fees Parameter

(D) Farm Prices Parameter

(E) t test: Tax Shifting is equal to one

Number of observations 2,644;

in parentheses are panel corrected standard erros;

* significant at 10%; ** significant at 5%; *** significant at 1%;

Regression includes first-differenced time effects.  

 

Indeed, there could still be some skepticism on the demand side. To investigate whether some 

other variable is concurrently affecting prices and tax rates, we follow Besley and Rosen‟s (1999) 

procedure and choose tomatoes to work as an untaxed numeraire since they are tax-exempt. A new 

estimation is conducted, using as the dependent variable the log of the ratio of price of each of the ten 

commodities to the price of tomatoes. The new estimated coefficients for tax-shifting parameters are not 

qualitatively different from those obtained in equation (1.A) for seven of ten goods. Only for milk and rice 

do the coefficients not match at the 95% significant level.
24

 Thus, after controlling for both demand and 

supply sides, results are similar to our original model, which leads us to assume that empirical 

                                                             
24

 See Table A9 in the Appendix for details.  
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specification (3) should be consistent. Although results using equation (2) and equation (3) are 

qualitatively alike, specification (3) constitutes a better starting point for investigation of price-asymmetric 

responses due to the inclusion of the farm prices parameter. 

Last, a possible criticism could arise regarding cross-price effects on demand for food goods. We 

note, in contrast to previous studies, that it is reasonable to assume that this does not turn into significant 

estimative bias as these ten goods comprise basic basket foods. For these goods, the extension of 

substitutability is short, as stated by Menezes, Silveira, and Azzoni (2008), who investigate demand 

elasticity for several groups of goods and services in Brazil and find that food and tobacco present the 

lowest expenditure elasticity. Furthermore, low cross-price elasticity coefficients are found for nine of our 

ten goods. Such findings reinforce the low substitutability of these goods.     

 

C. Price Asymmetry 

In this section, we investigate whether our estimated asymmetric price responses holds in a 

dynamic context, allowing for lagged independent variables affecting lagged dependent variables. 

Therefore, we apply an error correction model (ECM), first developed in Borenstein, Cameron and Gilbert 

(1997). The model is fairly flexible to capture short- and long-term price relationships. As suggested by 

microeconomic theory, there should be a long-run equilibrium relationship between prices and costs, in 

which short-run price deviations are expected to converge toward long-run equilibrium. To examine price 

adjustment response to VAT and farm price changes, we divide lagged price (p+ and p-), VAT rate (τ+ 

and τ-) and farm prices (f+ and f-) into six new variables, according to increase and decrease movements 

as detailed in equation (4). Local costs, federal taxes and time and unit effects are kept as control 

variables. If the difference between tax positive and negative coefficients is significant, the result reveals 

asymmetric pricing behavior. 
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In order to obtain valid estimates in the ECM model, the price variable should be co-integrated 

into the right side vector of variables.
25

 Co-integration among price and the set of independent variables is 

tested by means of an error correction test in panel data, as proposed by Westerlund (2007).
26

 Results 

show that prices are co-integrated to the set of independent variables; thus the system should have an error 

correction representation and is stationary. This is an expected result, as farm prices should present a long-

run relationship to retail prices in food goods. 

In equation (4), 


i
  coefficients indicate the short-run impact of a positive tax shock in retail 

prices. Likewise, 


i
  coefficients indicate the short-run impact of a negative tax shock in retail prices. 

The same idea follows for farm price parameters 


i  and 


i  as with price coefficients 


i  and 


i , which 

capture the short-run effect of lagged after-tax prices in the retail price for city j. Moreover, the error 

correction term (the term in brackets) represents retail price deviations from the long-run equilibrium. This 

coefficient indicates retail prices‟ speed of adjustment to the long-run equilibrium. Retail prices should 

converge downward or upward, depending on whether they are below or above the equilibrium, 

respectively. Thus, the coefficient should be negative. In addition, 1  and 2  indicate respectively the 

                                                             
25 This follows Engle and Granger‟s (1987) theorem. For a comprehensive discussion on ECM models applied for 

asymmetric adjustment analysis see Balmaceda and Soruco (2008). 
26 See Table A5 in the Appendix for panel unit root tests over after-tax price and farm price, and also panel co-

integration tests. 
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long-run effect of tax rate and farm prices in retail prices. Finally, n stands for the number of lags. The 

number of lags is chosen according to Akaike criterion.
27

  

As described in Table 5, the coefficient for the error correction term (
1 ) is negative, as expected, 

and significant at the 99% level for all ten goods. This reinforces that the error correction specification is 

valid. The speed of adjustment is relatively low for all ten goods as the coefficients are not close to one. 

Moreover, prices respond with larger magnitude to tax rate increases than to tax rate decreases for butter, 

flour and sugar when we consider the coefficients of contemporaneous tax rate. For butter and sugar, 

contemporaneous tax rate increases are estimated to be over-shifted into consumer prices; when there is a 

tax rate increase equivalent to 10 cents, tax-inclusive prices can rise by about 24 cents for butter and 27 

cents for sugar. However, tax rate decreases for butter and sugar are weakly passed through prices; a tax 

rate decrease equivalent to 10 cents reduces prices by about 2 cents for sugar and does not affect the price 

of butter.  This section reinforces results found in Section IV, once we find evidence of tax overshifting 

for butter and sugar, and evidence of tax fullshifting for bean and flour.  

In addition, one hypothesis to be investigated concerns whether the coefficient of tax rate increase 

is statistically different from its counterpart for tax rate decrease. This is assessed by a simple hypothesis 

test (t-test) on the contemporaneous coefficients of VAT. Results confirm that for butter, flour, and sugar, 

the tax increase parameter is statistically different from the tax decrease parameter at the 99% significance 

level. The long-run response coefficient (one lagged period) to tax rate changes is significant at the 95% 

level for only two of ten goods under analysis: beef and butter. Therefore, long-term parameters for VAT 

suggest that the adjustment noticed in the first quarter is largely all that takes place.  

                                                             
27 The error correction tests provide these results. See Table 5 in the Appendix. Depending on each good, results vary 

from two to four lagged specification. We chose the longest specification to keep the same specification for all 

goods. Also, we tested a ten lagged specification and tax coefficients results were close to a four lagged 

specification. 
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TABLE 5

Specification (3) Results

Dependent variable: natural log of ΔAfterTaxPrice

Bean Beef Bread Butter Coffee Flour Milk Rice Soybean oil Sugar

ΔSalesTax
+

t
0.866 0.006 0.068 2.409*** 0.196 0.910*** 0.318 0.032 0.005 2.737***

(0.562) (0.169) (0.238) (0.684) (0.251) (0.350) (0.303) (0.398) (0.306) (0.527)

ΔSalesTax
+

t-1
-0.214 -0.024 0.156 -0.414 -0.065 -0.596* -0.049 -0.035 -0.104 0.547

(0.539) (0.186) (0.238) (0.683) (0.252) (0.351) (0.310) (0.418) (0.346) (0.504)

ΔSalesTax
+

t-2
0.104 0.114 -0.136 -0.499 0.466* -0.562 -0.295 0.500 -0.243 -0.240

(0.572) (0.182) (0.237) (0.684) (0.252) (0.344) (0.310) (0.409) (0.330) (0.482)

ΔSalesTax
+

t-3
0.059 0.014 -0.208 -0.269 0.246 -0.492 -0.008 0.052 -0.023 0.389

(0.540) (0.185) (0.236) (0.684) (0.252) (0.347) (0.310) (0.416) (0.335) (0.506)

ΔSalesTax
+

t-4
-0.392 0.097 0.169 -0.598 0.021 -0.256 -0.065 -0.033 -0.137 -0.139

(0.560) (0.184) (0.236) (0.683) (0.252) (0.347) (0.310) (0.419) (0.342) (0.505)

ΔSalesTax
-
t

0.225 0.217* 0.032 0.073 0.309*** -0.105 -0.166 0.314 0.124* 0.188

(0.245) (0.127) (0.139) (0.168) (0.114) (0.152) (0.111) (0.168) (0.123) (0.159)

ΔSalesTax
-
t-1

-0.150 -0.067 0.064 -0.095 0.315*** -0.107 -0.322*** 0.109 0.086 -0.168

(0.256) (0.134) (0.139) (0.169) (0.113) (0.152) (0.113) (0.181) (0.126) (0.203)

ΔSalesTax
-
t-2

0.309 0.276** -0.209 -0.112 -0.273** -0.232 0.044 0.049 -0.055 0.092

(0.255) (0.135) (0.137) (0.170) (0.114) (0.152) (0.112) (0.176) (0.121) (0.200)

ΔSalesTax
-
t-3

-0.152 0.062 0.077 -0.189 0.105 -0.200 -0.100 0.134 0.166 -0.165

(0.253) (0.135) (0.140) (0.165) (0.114) (0.148) (0.113) (0.179) (0.124) (0.196)

ΔSalesTax
-
t-4

0.106 -0.073 -0.080 0.264 0.096 0.042 0.037 -0.136 0.024 -0.111

(0.250) (0.134) (0.139) (0.165) (0.111) (0.148) (0.113) (0.181) (0.125) (0.199)

SalesTaxt-1 -0.016 -0.042** 0.027 0.106*** -0.015 -0.033 0.003 -0.011 0.019 0.038

(0.047) (0.018) (0.027) (0.038) (0.026) (0.028) (0.021) (0.040) (0.027) (0.039)

ΔFarmPrice
+

t
0.415*** 0.222*** 0.077*** 0.130* 0.160*** 0.033 0.261*** 0.477*** 0.336*** 0.324**

(0.072) (0.060) (0.026) (0.077) (0.035) (0.027) (0.059) (0.088) (0.065) (0.132)

ΔFarmPrice
+

t-1
-0.187*** -0.046 0.135*** 0.122 0.105*** 0.087*** 0.092 0.167** 0.161 0.063

(0.063) (0.034) (0.025) (0.086) (0.035) (0.025) (0.066) (0.113) (0.067) (0.126)

ΔFarmPrice
+

t-2
0.160*** 0.038 0.122*** -0.175** -0.057** 0.085*** 0.007 0.146 0.018 0.035

(0.062) (0.030) (0.025) (0.082) (0.025) (0.026) (0.063) (0.107) (0.066) (0.122)

ΔFarmPrice
+

t-3
-0.074 0.001 0.097*** -0.004 0.000 -0.001 -0.027 0.078 -0.031 -0.058

(0.065) (0.026) (0.025) (0.079) (0.022) (0.005) (0.060) (0.099) (0.065) (0.122)

ΔFarmPrice
+

t-4
-0.031 0.064*** -0.008 0.009 0.010 -0.005** -0.006 0.033 -0.071 0.019

(0.062) (0.025) (0.027) (0.089) (0.017) (0.002) (0.069) (0.102) (0.065) (0.133)

ΔFarmPrice
-
t

0.146* 0.225*** 0.045 0.234*** 0.136*** 0.028 -0.019 0.282*** 0.262*** 0.450***

(0.081) (0.070) (0.029) (0.084) (0.033) (0.039) (0.064) (0.097) (0.078) (0.149)

ΔFarmPrice
-
t-1

0.123 0.011 -0.004 0.102 0.154*** -0.016 0.074 0.281* 0.128*** 0.139***

(0.078) (0.064) (0.030) (0.085) (0.033) (0.014) (0.065) (0.095) (0.074) (0.041)

ΔFarmPrice
-
t-2

-0.063 0.083 -0.027 0.089 0.027 0.006 -0.104* 0.095 0.028 0.054

(0.077) (0.062) (0.029) (0.080) (0.032) (0.026) (0.061) (0.098) (0.079) (0.038)

ΔFarmPrice
-
t-3

-0.081 -0.015 -0.072** 0.053 0.075** 0.101*** -0.051 0.048 -0.048 0.015

(0.079) (0.050) (0.030) (0.077) (0.030) (0.025) (0.059) (0.094) (0.067) (0.029)

ΔFarmPrice
-
t-4

0.129 0.028 -0.010 0.005 -0.046 0.073*** 0.024 0.026 -0.066 -0.006

(0.082) (0.033) (0.025) (0.060) (0.033) (0.025) (0.047) (0.080) (0.064) (0.023)

FarmPricet-1 0.049* 0.033*** 0.035*** 0.012 0.050*** 0.055*** 0.019* 0.045*** 0.067** -0.022

(0.026) (0.010) (0.006) (0.015) (0.006) (0.008) (0.011) (0.020) (0.016) (0.020)

Pricet-1 -0.119*** -0.114*** -0.132*** -0.101*** -0.070*** -0.086*** -0.074*** -0.089*** -0.072*** -0.097***

(0.018) (0.012) (0.011) (0.011) (0.008) (0.010) (0.010) (0.018) (0.016) (0.015)

t test (p-value) 1.045      0.999      0.128      3.316*** 0.408      2.659*** 1.502      0.651      0.359      4.633***

ΔSalesTax
+

t=          

ΔSalesTax
-
t

(0.298) (0.320) (0.898) (0.001) (0.684) (0.009) (0.135) (0.516) (0.720) (0.000)

Notes : in parentheses are panel corrected standard erros;

Number of observations 2,644;

* significant at 10%; ** significant at 5%; *** significant at 1%;

Regressions include time effects and individual effects.  



 21 

Regarding farm prices, contemporaneous results suggest that prices respond faster to farm price 

increases than to farm price decreases for bean and milk. For all other goods, there is no significant 

difference among price responses and contemporaneous farm price movements.
28

  

 

D. Short- and Long-term relationships 

Additionally, we investigate the short-term and long-term relationship between prices and VAT 

rate parameters through a cumulative adjustment function (hereafter CAF), as proposed by Borenstein, 

Cameron and Gilbert (1997).
29

.  

Figure 2 depicts the estimated price response to an equivalent one cent change in tax rate after 

positive and negative shocks, the difference between the increase and decrease in the CAF of the tax rate, 

and the 95% confidence interval based on the delta method. The graphic for butter, for instance, suggests 

that after one month a 10 cent increase in tax rate moves retail prices up to 16 cents. Within the same 

period, a tax rate decrease produces no effect on prices. However, after four months the effect on butter 

price has vanished: after a positive tax shock of ten cents, prices increase by only around four cents. After 

four months, the cumulative adjustment functions for both tax rate increases and decreases for butter are 

not significantly different from one another. This graphical analysis can be extended to the other nine 

goods. 

 

                                                             
28 Moreover, we also investigate tax rate and farm price asymmetry using the procedure proposed in Houck (1977). 

This procedure allows us to construct the total tax effect in retail price depending upon the sum of all (period to 

period) tax rate increases and tax rate decreases, as well as other control variables. Using this approach, we find that 

retail prices respond symmetrically for farm price changes for nine goods (the exception is coffee), and considering 

tax asymmetry, for five out of ten commodities (butter, flour, milk, rice and sugar) prices are adjusted by a larger 

magnitude when we observe tax rate increases compared to tax rate decreases.  
29

 For the CAF approach, see appendix A5. 
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FIGURE 2

Tax Rate Cumulative Adjustment Asymmetry
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Cumulative adjustment functions summarize that price adjustments present different paths after 

tax shocks. For butter, flour and sugar, prices respond faster to tax increases than to tax decreases. 

However, both increase and decrease adjustment functions converge after four months for butter and after 

two months for flour. CAF suggests that for sugar, adjustment takes longer than four months. Milk price 

presents a similar adjustment pattern to butter but with lower estimated coefficients for tax-shifting 

increases that are not statistically different from tax-shifting decrease parameters. Finally, for beans, beef, 

bread, coffee, rice and soybean oil price adjustments are roughly symmetric during the four-month period. 

To further understand these results, we attempt to relate our findings to the existing theories of relative 

price adjustment in the next section. 

 

E. Understanding After-Tax Price Responses 

The debate on tax incidence has received considerable attention over the years, with most research 

focused on its theoretical background. The main result of this theoretical analysis is that consumers bear 

the full burden of sales tax imposition (Harberger, 1962; Kotlikoff and Summers, 1987; and Fullerton and 

Metcalf, 2002). However, some models assume different variations for oligopoly structures, as Katz and 

Rosen (1985), Stern (1987) and Delipalla and Keen (1992) and Cremer and Thisse (1994) argue. 

According to these models, tax shifting to retail prices depends on offer and demand curve elasticities.  

There are two main ways in which we can relate our results to tax incidence theory. First, in the 

competitive model, if someone assumes increasing marginal costs instead of constant marginal costs, tax 

undershifting replaces the tax fullshifting outcome. Also, in imperfect competition models, as shown by 

Delipalla and Keen (1992) undershifting can arise for a linear demand function (or log concave demand 

function) depending on the elasticity of demand across goods. In contrast, the tax overshifting pattern 

found in butter and sugar is possible only in the imperfect competition model, what could suggest that 

food industry or retail sector is not competitive. Despite this last result, we prefer to be conservative and 
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do not refuse perfect competition model for the remaining goods as we do not have enough information 

about the upstream and downstream markets structures.  

It is noteworthy to point out that recent empirical work has found little evidence of constant return 

of scale on food industry. Bhuyan and Lopez (1997) consider 40 food industries in the US market and find 

that meanwhile 7 industries presented constant returns to scale cost functions, 20 industries are 

charactherized by incresing return to scale and 13 by decreasing return to scale cost functions. Millán 

(1999) investigate the Spanish food sector and finds similar results. Also, Iorwerth and Whalley (2002) 

demonstrate that scale economies are an important issue in market production and tax efficiency.   

In addition, asymmetric pricing behavior has been studied in a variety of contexts.
30

 However, 

Peltzman (2000) argues that asymmetric price response is not an expected outcome in conventional price 

theory.  Mostly, asymmetric prices responses are attributed to inventory costs, menu costs and more 

recently to search with learning models. To address this gap in the economic literature, several theoretical 

explanations have emerged recently. Here, we discuss three plausible explanations of our results: 

inventory costs, menu costs, and search with learning on the part of consumer. As we do not have 

information on downstream or upstream prices, we examine some theoretical evidence that supports 

asymmetric pricing behavior at the retail level in which most of the tax burden is charged.  

Hypothesis 1: asymmetric price responses are due to increasing inventory marginal costs. 

According to Blinder (1982), prices are stickier both when inventory marginal costs are less 

sensitive to the level of inventories and when demand shocks are not persistent. The intuition behind this 

idea is simple: if firms have „flexible‟ storage facilities they can absorb short-run demand shocks as they 

can handle higher storage levels.  Contrastingly, asymmetric pricing behavior can arise when firms face 

increasing inventory marginal costs. This theory could help us to comprehend results for perishable goods. 

For butter and milk, prices rise faster as there is an obvious limitation in maintaining high levels of 

                                                             
30

 Asymmetric price adjustment has been studied across several markets. For instance, Peltzman (2000) has studied 

77 consumer goods, Ward (1982) has studied fruit and vegetables, and Borenstein, Cameron and Gilbert (1997) have 

studied gasoline markets. For a large survey of empirical literature about price asymmetry see Frey and Manera 

(2007). 
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inventory. For bread, on the other hand, inventory costs are probably negligible as it is quite easy to 

increase production. However, inventory costs do not provide a decent explanation to address price-

asymmetric behavior after tax shocks on sugar or flour. It is not reasonable to suggest that retailers would 

face significantly different inventory costs between flour and soybean oil or between sugar and coffee, for 

instance, once these goods present similar characteristics for stocking. Thus, hypothesis one provides only 

partial theoretical support for our findings. 

Hypothesis 2: asymmetric price responses are due to menu costs. 

In menu costs models, firms adjust their nominal prices only when the cost of changing prices is 

below the gain associated with altering them. Ball and Mankiw (1994) provide a model of asymmetric 

price adjustments for economies with positive trend inflation, as in Brazil. Under this scenario, real prices 

are decreasing automatically over time. In the presence of negative shocks, the gap between the firms‟ 

desired relative prices and current prices is smaller, due to positive inflation. Thus, firms should prefer to 

keep their prices unaltered.  For a positive demand shock, the opposite occurs. This gap is larger and 

relative price responses are triggered upward. Thus, prices are stickier downward than upward. Also, 

prices increase faster than they decrease.  Although this theory fits better to aggregate price behavior, 

menu costs provide reasonable support for the relative price stickiness found after negative tax shocks. All 

goods present strong price rigidity after-tax rate reductions. However, this theory does not allow us to 

understand why some prices rise after positive tax shocks (such as butter, flour and sugar), while others 

remain unchanged (bean, rice and soybean oil).  

Hypothesis 3: asymmetric prices responses are due to consumers’ searching costs. 

Recently several models have considered consumer search models to approach pricing behavior. To 

the best of our knowledge, Benabou and Gertner (1993) were the first to associate consumer search 

behavior to determine equilibrium price responses. According to the authors, the decrease in consumer 

search costs can temporarily increase retailers‟ and manufacturer‟s market power and asymmetric price 

adjustment could exist. Lewis (2005) proposes a „reference price search model‟. In this model, consumers 

base their expectations on previous observed prices. If prices are falling, consumers are less likely to 
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search as the expected payoff of this activity is lower. With fewer consumers searching, firms face less 

competition and can increase their margins. Thus, if there are negative cost shocks, firms have the 

opportunity to raise margins and lower their prices just enough to discourage searching.  The model states 

that prices respond differently depending on whether the profit margins are high or low. Asymmetric 

pricing adjustments are due mostly to large increases in marginal costs that force firms to increase prices 

straightaway to bring them above marginal costs. Thus, firms with small margins change prices faster and 

to a greater extent than do firms with high margins. 

This model provides good guidance for our results. Tax under-shifting on tax incidence have already 

indicated imperfectly competitive markets. For beans, beef, bread, coffee, milk, rice, and soybean oil 

symmetric and small coefficients (less than one) for tax increase and decrease constitute an indicator of 

high margins. Larger coefficients for tax increases than tax decreases for butter, flour and sugar suggest 

that manufactures or retailers respond with full or over-shifting to positive tax shocks and try to recover 

their margins when negative tax shocks occur. Chavas and Mehta (2004) find fairly similar results in the 

U.S. butter market.  

Nevertheless, an explanation for larger coefficients for the tax increase parameter for these last 

goods is still lacking, so we now consider an additional explanation. Yang and Ye (2008) develop a model 

in which consumers are characterized by their search costs.  Due to this underlying cost consumers are 

composed of both searchers and non-searchers. Learning asymmetry between these groups generates 

asymmetric price responses. If costs go up, searchers learn of it immediately and stop searching. As a 

consequence, in the following period prices move upward. When costs go down, consumers take longer to 

learn the new price, which leads to gradual downward price adjustment. The main conclusion behind this 

model is that each good‟s demand becomes more elastic as more consumers search for the goods. To 

relate this conclusion to our findings, we investigate the average consumer expense for each of the ten 

goods in Brazil, available at IBGE data. This is summarized in Figure 3. 
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FIGURE 3

Good´s Share (%) in Total Food Household Expenses
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We understand that goods with greater pricing asymmetry are among the least-consumed goods or 

among the goods bought least frequently. Considering the results of the coefficient of the 

contemporaneous tax rate, we identify asymmetric price adjustments after tax changes for butter, flour and 

sugar. According to Figure 4, it is reasonable to assume that these are also among the least „searched‟ 

goods, as few consumers demand them or consumers simply expend a smaller share of their budgets on 

these goods than on the others. Last, although none of the three hypotheses perfectly fits our findings, 

some of the effects estimated can be partially comprehended through each of them. However, models that 

capture search with learning help us respond to most of the results.
31

 Yet, Azzam (1999) demonstrates that 

retail-price transmission asymmetry can arise from intertemporal optimizing behavior among spatially 

competitive retailers.  

This short discussion reinforces what is also stressed in Besley and Rosen (1999), that from the 

theoretical standpoint it is possible to find different after tax responses for different goods as these 

outcomes depend on the elasticities of the supply and demand. Also different patterns of tax shifting are 

possible in the oligopoly context (over and undershifting); as also under the perfect competition paradigm 

                                                             
31 Azzam (1999) demonstrates that retail-price transmission asymmetry can arise from intertemporal optimizing 

behavior among spatially competitive retailers. 
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(full and undershifiting) assuming that costs functions do not show constant return to scale, as should be in 

the food market case. Finally, previous works suggest that asymmetric price behavior is quite common 

over retail prices.  

 

VI. CONCLUSION 

This paper investigates tax incidence and asymmetric price response to exogenous VAT tax rate 

variation in Brazil. In particular, we consider monthly data concerning ad-valorem rate changes for ten 

goods in food markets in 16 municipalities in Brazil for the period 1994-2008.  Although there is some 

empirical work on tax incidence, there is a lack of empirical evidence about ad valorem tax movements 

and retail price responses. We find tax undershifting for all of the goods analyzed and the results seem to 

be robust.   

In addition, we collect data for both tax rate increase and tax rate decrease, and we find that tax-

inclusive prices follow different patterns of adjustment depending on these movements. For the case with 

only tax rates rises considered, our results indicate tax fullshifting for three goods (bean, butter and flour), 

undershifting for seven of them (beef, bread, coffee, milk, rice, soybean oil) and overshifting for only one 

of them, sugar. On the other hand, when tax rate falls are taken into account separately we confirm the 

results obtained in our baseline model, which is tax undershifting for every good. 

We also investigate short-term and long-term relationship between prices and VAT rate 

parameters and we find that prices seem to respond immediately to tax shocks. In particular the effect of 

tax in prices seems to dissipate in four months.  

Finally, this paper seems to shed a light on three issues related to tax imposition: incidence, 

asymmetric response and velocity of price-adjustment. We can conclude that, although we find tax 

undershifiting for all goods, policy makers should be aware that tax rate changes can produce asymmetric 

price responses depending on the direction (if positive or negative) of the tax change, and these effects 

seem operate in the short-run.  
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APPENDIX 

A1. Data Sources 

Basic Basket Food retail prices are taken from DIEESE data. Available at: 

<http://turandot.dieese.org.br/bdcesta/cesta.html>. 

Consumer National Index Price (IPCA) can be reached at: < 

http://www.sidra.ibge.gov.br/bda/precos/default.asp>. 

Farm prices were obtained from Bureau of Agricultural Economics of São Paulo at: < 

http://www.iea.sp.gov.br/out/banco/menu.php>. 

Federal Fees rates are available at Internal Revenue Service in Brasil (IRS-B) at 

<http://www.receita.fazenda.gov.br/Aliquotas/default.htm>. 

National Index of Labor and Building Costs can be found at 

<http://www.sidra.ibge.gov.br/bda/const/default.asp>. 

State level average consumer expense is found at 

<http://www.ibge.gov.br/home/estatistica/populacao/condicaodevida/pof/2002aquisicao/default.shtm>. 

State Tax Legislation can be obtained at each State Office of Finance. National Council of Political 

Economics (Confaz) provides links to all of them at <http://www.fazenda.gov.br/confaz/>. 

 

TABLE A2

Summary of Federal Fees Rates Changes

Fee Date Rate Federal Act

25 May 1982 2% Decreto-lei 1.940; 25 May 1982

1 February 1999 3% Lei 9.718;  27 November 1998

Cofins 1 February 2004 7.60% Lei 10.833; 29 December 2003

(former Finsocial) 26 July 2004 0%
1

Lei 10.925/2004

16 June 2007 0%
2

Lei nº 11.488; 15 June 2007

26 September 2008 0%
3

Lei nº 11.787; 25 September 2008

PIS/PASEP from October 1989 0.65% Leis 7.859; 25 October 1989

1 December 2002 1.65% Lei 10.637; 30 December 2002

1994 0.25% Lei Complementar 77; 13 July 1993

CPMF  from 23 January 1997 to 24 February 1998 0.20% Emenda Constitucional 12; de 15 August 1996

(Former IPMF) from 17 June 2000 to 18 March 2001 0.30% Emenda Constitucional 21; 18 March 1999

until 31 December 2007 0.38%

Notes:
1 For bean and rice.
2 For milk.
3 For bread and flour.  
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TABLE A3

Statistics Tests for Nonspherical Disturbances 

Good Test Non Cross Sectional

Variable level Δ (FD) level  Δ (FD) level Δ (FD)

Bean  F and χ
2 

statistics 1,879.12 53.92 6,315.48 4,724.96 23.56 258.36

p value (0.000) (0.000) (0.000) (0.000) (0.100) (0.000)

H0 rejected*** rejected*** rejected*** rejected*** rejected* rejected***

Beef  F and χ
2 

statistics 151.90 0.70 singular singular 102.89 79.92

p value (0.000) (0.416) matrix matrix (0.000) (0.000)

H0 rejected*** not rejected - - rejected*** rejected***

Bread  F and χ
2 

statistics 195.21 0.27 2,489.23 singular 283.21 217.26

p value (0.000) (0.612) (0.000) matrix (0.000) (0.000)

H0 rejected*** not rejected rejected*** - rejected*** rejected***

Butter  F and χ
2 

statistics 82.20 11.91 1,497.09 317.02 220.17 393.11

p value (0.000) (0.004) (0.000) (0.000) (0.000) (0.000)

H0 rejected*** rejected*** rejected*** rejected*** rejected*** rejected***

Coffee  F and χ
2 

statistics 232.87 0.93 2,952.53 singular 500.52 130.29

p value (0.000) (0.351) (0.000) matrix (0.000) (0.000)

H0 rejected*** not rejected rejected*** - rejected*** rejected***

Flour  F and χ
2 

statistics 116.27 0.03 4,222.64 1,166.19 137.03 113.60

p value (0.000) (0.871) (0.000) (0.000) (0.000) (0.000)

H0 rejected*** not rejected rejected*** rejected*** rejected*** rejected***

Milk  F and χ
2 

statistics 196.94 5.25 2,306.05 singular 149.33 84.69

p value (0.000) (0.037) (0.000) matrix (0.000) (0.000)

H0 rejected*** rejected** rejected*** - rejected*** rejected***

Rice  F and χ
2 

statistics 393.39 1.72 5,695.95 2,923.26 175.17 89.63

p value (0.000) (0.209) (0.000) (0.000) (0.000) (0.000)

H0 rejected*** not rejected rejected*** rejected*** rejected*** rejected***

Soybean  F and χ
2 

statistics 467.03 24.95 8,568.99 singular 508.47 109.58

Oil p value (0.000) (0.000) (0.000) matrix (0.000) (0.000)

H0 rejected*** rejected*** rejected*** - rejected*** rejected***

Sugar  F and χ
2 

statistics 176.62 3.96 5,005.00 2,846.34 225.08 52.27

p value (0.000) (0.065) (0.000) (0.000) (0.000) (0.000)

H0 rejected*** rejected* rejected*** rejected*** rejected*** rejected***

Notes : H0  for autocorrelation test: no autocorrelation.

H0  for cross-sectional correlation test: no correlation.

H0  for gropwise homoscedasticity test: no heterocedasticity.

F statistics for autocorrelation and chi-square for heterocedasticity and cross-sectional correlation.

* significant at 10%; ** significant at 5%; *** significant at 1%.

Non Autocorrelation Homoscedasticity

Correlation
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A4. Unit Root and Co-integration Tests 

The Hadri (2000) panel test for unit root is used to test after-tax price and farm price because it 

allows for cross-section correlation. The null hypothesis assumes that the series is stationary. The errors 

are assumed to be heteroskedastic across units. The tests reject that both after-tax price and farm price 

series are stationary for all goods at the 99% significance level. Results are on the left side of Table A5. 

 

TABLE A4

Panel Unit Root and Co-integration Tests

Good

Retail Price Farm Price Gτ Ga Pτ Pa lag lenght Value 5% cr. value

bean 31.39*** 13.15*** -3.95*** -26.50*** -12.16 -17.369 3.38 18.36*** 4.496      

(0.000) (0.000) (0.000) (0.000) (0.195) (0.105)

beef 144.28*** 70.56*** -2.806 -17.616 -7.923 -10.602 3.44 21.20*** 4.496      

(0.000) (0.000) (0.240) (0.130) (0.920) (0.880)

bread 115.57*** 120.44*** -3.44*** -28.35*** -12.268 -22.693 1.25 20.61*** 4.496      

(0.000) (0.000) (0.000) (0.000) (0.325) (0.110)

butter 123.75*** 43.42*** -3.26*** -21.42*** -11.74*** -17.93*** 2 21.54*** 4.496      

(0.000) (0.000) (0.010) (0.000) (0.010) (0.005)

coffee 226.11*** 159.16*** -3.71*** -24.04*** -14.72*** -24.99*** 1.19 21.88*** 4.496      

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

flour 112.19*** 44.57*** -3.58*** -21.53** -13.378 -19.369 1.81 21.94*** 4.496      

(0.000) (0.000) (0.010) (0.040) (0.640) (0.630)

milk 110.37*** 43.42*** -3.25*** -23.90*** -13.11** -23.78*** 1.75 21.61*** 4.496      

(0.000) (0.000) (0.005) (0.000) (0.015) (0.000)

rice 56.02*** 52.26*** -3.82*** -26.25*** -14.08*** -26.59*** 1.25 21.18*** 4.496      

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

soybean oil 80.92*** 94.07*** -2.407 -11.025 -9.758 -12.517 1.81 20.84*** 4.496      

(0.000) (0.000) (0.495) (0.570) (0.200) (0.155)

sugar 92.44*** 110.50*** -3.37*** -19.91*** -12.86** -18.85*** 2.38 20.44*** 4.496      

(0.000) (0.000) (0.000) (0.000) (0.040) (0.010)

Notes : in parentheses are robust p-values;

H0  for Hadri (2000) panel unit root test:series are stationary.

H0  for Westerlund (2007) co-integration test: series are not co-integrated.

Co-integration test´s associated p-values computed by bootstrap with 200 replications.

H0  for Nharvey (2000) common trends test: series present zero common trends.

Hharvey 5% critical value for N=20.

* significant at 10%; ** significant at 5%; *** significant at 1%.

NharveyPanel Unit Root Test Westerlund - Co-integration Test

 

 

Westerlund (2007) proposes four panel statistics for cointegration. The null hypothesis assumes no 

cointegration for all four tests.  The first pair of statistics, Pτ and Pa, considers the pooled information of 

the error correction term for all cross section units. For this pair of tests, Westerlund (2007) points out that 

„a rejection should be taken as evidence of co-integration for the panel as a whole‟. On the other hand, the 

second pair of tests; Gτ and Ga, are based on the group mean statistics and „a rejection should be taken as 

evidence of cointegration for at least one of the cross-sectional units‟. We generate robust p-values to 

account for cross-sectional correlation by bootstrap.  Results for cointegration tests in Table A5 indicate 

that for butter, coffee, milk, rice and sugar the panel is co-integrated. For beans, bread and flour, the 
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results suggest that some of the sixteen series are co-integrated and others are not. For beef and soybean 

oil, the null hypothesis of no cointegration is not rejected. 

Additionally, we use Nyblom and Harvey‟s (2000) test of common stochastic trends. This test is 

considered because common trends might imply cointegration. The null hypothesis assumes zero common 

trends among all units. Results on the right column of Table A5 show that for all goods the null hypothesis 

is rejected, and we can assume that, at least for some units, common trends can be considered a strong 

signal of co-integration for all goods. 

 
 

A5. The Cumulative Adjustment Function (CAF) 

The CAF is a non-linear function of the estimated parameters, in which the adjustment of the retail 

prices in the kth period after a unit change in costs is the sum of the estimated response parameters 

including tax rate changes (


i
  or 



i
 ) and farm price changes (



i or 


i ), retail price short run 

movements (


i  or 


i ) and the error correction term from the estimated equation ( 1 ) as described for 

positive tax shocks in equation (5).
32

 At this time, we are more interested in the adjustment paths than in 

the parameter estimates. 
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32 To obtain the CAF for negative tax shocks is straightforward: the estimated increase coefficients are replaced by 

the estimated decrease coefficients. 
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TABLE A7

Specification (1) without Federal Fees parameter

Dependent variable: FD of natural log of after tax price

(A) (B) (C) 

Bean 0.452* 0.304** 2.190**

(0.250) (0.123) (0.030)

Beef 0.089 0.433*** 8.219***

(0.111) (0.029) (0.000)

Bread 0.109 0.381*** 6.722***

(0.133) (0.032) (0.000)

Butter 0.187 0.388*** 4.633***

(0.175) (0.035) (0.000)

Coffee 0.348*** 0.370*** 5.873***

(0.111) (0.036) (0.000)

Flour -0.010 0.363*** 6.914***

(0.146) (0.045) (0.000)

Milk -0.104 0.473*** 10.040***

(0.110) (0.028) (0.000)

Rice 0.437** 0.340*** 3.287***

(0.171) (0.064) (0.001)

Soybean oil 0.101 -0.024 8.387***

(0.107) (0.021) (0.000)

Sugar 0.452*** 0.490*** 3.351***

(0.164) (0.073) (0.001)

Notes: (A) Tax Shifting Parameter

(B) Local Costs Parameter

(C) t test: Tax Shifting is equal to one

Number of observations 2,644;

in parentheses are panel corrected standard erros;

* significant at 10%; ** significant at 5%; *** significant at 1%;

Regression includes first-differenced time effects.  
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TABLE A8

Specification (1): variables in First Difference (FD)

Dependent variable: FD of  natural log of after tax price

(A) (B) (C) (D)

Bean 0.453** 0.306*** -1.160 2.370**

(0.231) (0.061) (0.807) (0.019)

Beef 0.089 0.429*** 1.296*** 7.006***

(0.130) (0.056) (0.451) (0.000)

Bread 0.108 0.379*** 0.830* 8.446***

(0.106) (0.032) (0.503) (0.000)

Butter 0.185 0.385*** 0.863 5.233***

(0.156) (0.061) (0.555) (0.000)

Coffee 0.344** 0.363*** 2.777*** 4.204***

(0.156) (0.049) (0.476) (0.000)

Flour -0.013 0.359*** 1.694** 4.749***

(0.213) (0.063) (0.804) (0.000)

Milk -0.104 0.473*** 0.146 10.354***

(0.107) (0.035) (0.268) (0.000)

Rice 0.436*** 0.339*** 0.407 3.973***

(0.142) (0.042) (0.359) (0.000)

Soybean oil 0.093 -0.022 3.649*** 6.200***

(0.146) (0.020) (0.554) (0.000)

Sugar 0.453 0.492*** -1.059 1.913*

(0.286) (0.038) (0.359) (0.058)

Notes: (A) Tax Shifting Parameter

(B) Local Costs Parameter

(C) Federal Fees Parameter

(D) t test: Tax Shifting is equal to one

Number of observations 2,644;

in parentheses are robust (White-Huber) standard erros;

* significant at 10%; ** significant at 5%; *** significant at 1%;

Regression includes first-differenced time effects.  
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TABLE A9

Specification (2) Results

Dependent variable:natural log of after tax price ratio (good/tomato)

(A) (B) (C) (D) (E)

Bean 0.650*** 0.856*** -1.774 0.556*** 0.458      

(0.245) (0.321) (5.692) (0.097) (0.648)

Beef 0.081 1.130*** 2.494 0.361 0.067

(0.213) (0.306) (5.419) (0.232) (0.947)

Bread 0.507 0.991*** 2.836 0.126 1.118      

(0.318) (0.324) (5.333) (0.138) (0.265)

Butter 0.711*** 0.966*** 3.900 0.602** 1.775*

(0.237) (0.307) (5.313) (0.270) (0.078)

Coffee 0.563*** 0.422 6.493 -0.108 1.014      

(0.205) (0.359) (5.372) (0.145) (0.312)

Flour -0.366 0.806*** 4.499 -0.063*** 1.297      

(0.228) (0.312) (5.338) (0.020) (0.197)

Milk 0.539** 1.055*** 2.358 0.540** 2.651***

(0.219) (0.305) (5.264) (0.265) (0.009)

Rice 0.962*** 1.036*** -1.249 0.950*** 2.033**

(0.247) (0.297) (5.207) (0.174) (0.044)

Soybean oil 0.334* 0.008 2.148 0.726*** 1.106      

(0.189) (0.116) (5.247) (0.146) (0.270)

Sugar 0.559*** 1.193*** 4.934 0.482** 0.585      

(0.214) (0.311) (5.477) (0.206) (0.559)

Notes: (A) Tax Shifting Parameter

(B) Local Costs Parameter

(C) Federal Fees Parameter

(D) Farm Prices Parameter

(E) t test: Tax Shifting is equal to specification (2)

Number of observations 2,660;

in parentheses are panel corrected standard erros;

* significant at 10%; ** significant at 5%; *** significant at 1%;

Regression includes time effects and individual effects.  
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TABLE A10

Specification (2): variables in First Difference (FD)

Dependent variable: FD of  natural log of after tax price

(A) (B) (C) (D) (E)

Bean 0.494* 0.274*** -2.305*** 0.274*** 1.994**

(0.254) (0.060) (0.808) (0.021) (0.048)

Beef 0.097 0.468*** 1.025** 0.117*** 6.930***

(0.130) (0.056) (0.458) (0.019) (0.000)

Bread 0.122 0.308*** 0.980** 0.105*** 7.542***

(0.116) (0.032) (0.496) (0.014) (0.000)

Butter 0.188 0.369*** 0.715 0.214*** 5.424***

(0.150) (0.061) (0.537) (0.032) (0.000)

Coffee 0.327** 0.010 2.612*** 0.110*** 4.398***

(0.153) (0.055) (0.465) (0.014) (0.000)

Flour -0.015 0.355*** 1.644** -0.010*** 4.767***

(0.213) (0.064) (0.804) (0.003) (0.000)

Milk -0.110 0.462*** 0.051 0.137*** 10.598***

(0.105) (0.035) (0.266) (0.021) (0.000)

Rice 0.355** 0.354*** 0.103 0.301*** 4.033***

(0.160) (0.042) (0.335) (0.023) (0.000)

Soybean oil 0.097 -0.031 3.091*** 0.282*** 5.514***

(0.164) (0.019) (0.585) (0.019) (0.000)

Sugar 0.402 0.489*** -0.609 0.343*** 2.167**

(0.276) (0.039) (0.681) (0.033) (0.032)

Notes: (A) Tax Shifting Parameter

(B) Local Costs Parameter

(C) Federal Fees Parameter

(D) Farm Prices Parameter

(E) t test: Tax Shifting is equal to one

Number of observations 2,644;

in parentheses are robust (White-Huber) standard erros;

* significant at 10%; ** significant at 5%; *** significant at 1%;

Regression includes first-differenced time effects.  
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TABLE A11

Specification (4) FD Robust Results

Dependent variable: natural log of ΔAfterTaxPrice

Bean Beef Bread Butter Coffee Flour Milk Rice Soybean oil Sugar

ΔSalesTax
+

t
0.866* 0.006 0.068 2.409*** 0.196 0.910*** 0.318*** 0.032 0.005 2.737**

(0.477) (0.134) (0.055) (0.587) (0.192) (0.342) (0.110) (0.154) (0.293) (1.374)

ΔSalesTax
+

t-1
-0.214 -0.024 0.156 -0.414 -0.065 -0.596* -0.049 -0.035 -0.104 0.547**

(0.372) (0.088) (0.254) (1.636) (0.291) (0.353) (0.077) (0.213) (0.275) (0.223)

ΔSalesTax
+

t-2
0.104 0.114 -0.136 -0.499*** 0.466* -0.562 -0.295*** 0.500*** -0.243 -0.240

(0.419) (0.198) (0.098) (0.182) (0.268) (0.364) (0.078) (0.095) (0.276) (0.150)

ΔSalesTax
+

t-3
0.059 0.014 -0.208** -0.269 0.246** -0.492*** -0.008 0.052 -0.023 0.389***

(0.344) (0.106) (0.102) (0.324) (0.097) (0.178) (0.179) (0.175) (0.249) (0.121)

ΔSalesTax
+

t-4
-0.392 0.097* 0.169 -0.598 0.021 -0.256 -0.065 -0.033 -0.137 -0.139

(0.284) (0.058) (0.199) (0.856) (0.105) (0.165) (0.112) (0.254) (0.282) (0.098)

ΔSalesTax
-
t

0.225 0.217 0.032 0.073 0.309* -0.105 -0.166 0.314 0.124 0.188

(0.252) (0.270) (0.143) (0.185) (0.168) (0.217) (0.120) (0.202) (0.141) (0.185)

ΔSalesTax
-
t-1

-0.150 -0.067 0.064 -0.095 0.315 -0.107 -0.322 0.109 0.086 -0.168

(0.199) (0.233) (0.158) (0.106) (0.246) (0.195) (0.256) (0.140) (0.195) (0.181)

ΔSalesTax
-
t-2

0.309** 0.276* -0.209* -0.112 -0.273* -0.232 0.044 0.049 -0.055 0.092

(0.129) (0.150) (0.121) (0.224) (0.163) (0.164) (0.126) (0.215) (0.095) (0.195)

ΔSalesTax
-
t-3

-0.152 0.062 0.077 -0.189 0.105 -0.200 -0.100 0.134 0.166 -0.165

(0.242) (0.223) (0.135) (0.255) (0.077) (0.194) (0.133) (0.096) (0.124) (0.116)

ΔSalesTax
-
t-4

0.106 -0.073 -0.080 0.264 0.096 0.042 0.037 -0.136 0.024 -0.111

(0.146) (0.177) (0.091) (0.201) (0.071) (0.127) (0.086) (0.166) (0.094) (0.165)

SalesTaxt-1 -0.016 -0.042* 0.027 0.106*** -0.015 -0.033 0.003 -0.011 0.019 0.038

(0.055) (0.022) (0.032) (0.039) (0.026) (0.030) (0.025) (0.040) (0.026) (0.038)

ΔFarmPrice
+

t
0.415*** 0.222*** 0.077*** 0.130** 0.160*** 0.033 0.261*** 0.477*** 0.336*** 0.324***

(0.042) (0.041) (0.027) (0.061) (0.031) (0.023) (0.047) (0.053) (0.036) (0.067)

ΔFarmPrice
+

t-1
-0.187*** -0.046 0.135*** 0.122* 0.105*** 0.087*** 0.092* 0.167*** 0.161*** 0.063

(0.039) (0.040) (0.026) (0.067) (0.031) (0.026) (0.050) (0.050) (0.032) (0.056)

ΔFarmPrice
+

t-2
0.160*** 0.038 0.122*** -0.175*** -0.057** 0.085*** 0.007 0.146*** 0.018 0.035

(0.043) (0.026) (0.021) (0.059) (0.022) (0.024) (0.039) (0.046) (0.031) (0.046)

ΔFarmPrice
+

t-3
-0.074*** 0.001 0.097*** -0.004 0.000 -0.001 -0.027 0.078* -0.031 -0.058

(0.028) (0.021) (0.022) (0.056) (0.018) (0.006) (0.038) (0.046) (0.024) (0.047)

ΔFarmPrice
+

t-4
-0.031 0.064** -0.008 0.009 0.010 -0.005*** -0.006 0.033 -0.071*** 0.019

(0.033) (0.027) (0.022) (0.069) (0.015) (0.002) (0.042) (0.048) (0.025) (0.068)

ΔFarmPrice
-
t

0.146*** 0.225*** 0.045** 0.234*** 0.136*** 0.028 -0.019 0.282*** 0.262*** 0.450***

(0.031) (0.050) (0.022) (0.063) (0.027) (0.031) (0.042) (0.041) (0.030) (0.074)

ΔFarmPrice
-
t-1

0.123*** 0.011 -0.004 0.102 0.154*** -0.016 0.074* 0.281*** 0.128*** 0.139***

(0.033) (0.056) (0.023) (0.065) (0.026) (0.015) (0.039) (0.041) (0.030) (0.031)

ΔFarmPrice
-
t-2

-0.063* 0.083* -0.027 0.089 0.027 0.006 -0.104*** 0.095** 0.028 0.054**

(0.034) (0.046) (0.021) (0.062) (0.025) (0.022) (0.038) (0.041) (0.033) (0.022)

ΔFarmPrice
-
t-3

-0.081** -0.015 -0.072*** 0.053 0.075*** 0.101*** -0.051 0.048 -0.048* 0.015

(0.033) (0.040) (0.021) (0.064) (0.024) (0.024) (0.038) (0.040) (0.026) (0.017)

ΔFarmPrice
-
t-4

0.129*** 0.028 -0.010 0.005 -0.046* 0.073*** 0.024 0.026 -0.066** -0.006

(0.037) (0.027) (0.021) (0.068) (0.026) (0.023) (0.030) (0.035) (0.027) (0.014)

FarmPricet-1 0.049*** 0.033*** 0.035*** 0.012 0.050*** 0.055*** 0.019*** 0.045*** 0.067*** -0.022**

(0.013) (0.010) (0.005) (0.011) (0.006) (0.008) (0.007) (0.013) (0.008) (0.010)

Pricet-1 -0.119*** -0.114*** -0.132*** -0.101*** -0.070*** -0.086*** -0.074*** -0.089*** -0.072*** -0.097***

(0.011) (0.021) (0.014) (0.010) (0.008) (0.009) (0.010) (0.014) (0.008) (0.009)

Ajusted R
2 0.234 0.385 0.290 0.183 0.191 0.225 0.308 0.249 0.327 0.231

t Test 1.187      0.698      0.229      3.793*** 0.440      2.507** 2.985*** 1.106      0.363      1.839*

ΔSalesTax
+

t=          

ΔSalesTax
-
t

(0.237) (0.486) (0.819) (0.000) (0.660) (0.013) (0.003) (0.271) (0.717) (0.068)

Notes : in parentheses are robust (White-Huber) standard erros;

Number of observations 2,644;

* significant at 10%; ** significant at 5%; *** significant at 1%;

Regression includes first-differenced time effects.  


