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Abstract 
The aim of this article is to conduct an analysis of the Innovate-Auto program 
on the welfare of the Brazilian economy. From the VAR/VEC (vector auto 
regressive and vector error correction) models, long-term elasticities are 
estimated, evaluating the welfare incurred by the tariff imposition. It appears 
that there are economies of scale in the Brazilian automotive industry, so it is 
reported that the net effect of tariffs is relatively small, while the effects of 
redistribution of tariffs are considerable. In addition, it appears that the 
argument that tariffs protect domestic employment is not plausible. Finally, the 
regime reduced imports, but did not prove effective in leveraging exports. 
However, the need to reassess automotive programs in Brazil from R&D and 
technological innovation is pointed out.  
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INTRODUCTION 

Historically, the Brazilian automotive industry is one of the most protected sectors by the federal 
government. In the years 2000 this tariff protection still remains, although trade barriers for industry have 
been reduced in the world, partly due to the globalization of the world automotive market at the end of 
the 80´s, the tariffs in the Brazilian automobile industry are still relatively high on industrialized products 
tax (IPI) of imported products. In 2013, the IPI was 30% by virtue of the new automotive regime titled 
Program of Incentive to technological innovation and the consolidation of the production chain of motor 
vehicles (Innovate-Auto)4. 
In Brazil, the conventional instruments of trade policies, such as tariffs, subsidies and local content 
production, have been continually implemented in the automotive industrial policy with more 
sophistication and less polemic, including tax concessions on R&D (research and development) 
expenditures. According to Tcha & Kuriyama5 (2003), the protectionist policy is not adequate or efficient 
to protect the domestic industry when there are economies of scale, even when some groups of 
economists defend that more direct and visible protection policies help the industry. 
Concerning the automobile industry, there is technological innovation in the assembly line and skilled 
labor, in addition to having auto parts on scales.  In this context, the program can be questioned and its 
inefficiency to the automobile industrial policy used by the Brazilian government to achieve production 
of local content. The conjecture is that there are losses of efficiency in economy of scale with tariff 
protection. In light of this finding, the objective of this article is to conduct an empirical analysis of the 
welfare incurred by the tariff imposition in the automotive industry on the Innovate-Auto program and 
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its impacts with the specific objective of estimating the elasticities of the supply and of the demand for 
vehicles6 in the Brazilian market and to calculate the welfare of the automotive Innovate-Auto policy. 7 
The effects of the protection in the automotive industry were analyzed by some researchers, Goto (1992) 
and Hufbauer & Elliott (1994) estimated the effect of welfare on consumers and producers in the USA. 
Van Zyl & Kotze (1994) explored the implications of the South African Tariff restructuring. Okamoto & 
Sjoholm (2000) assessed productivity in Indonesia under high levels of tariff protection. Tcha & Kuriyama 
(2003) calculated the impact of the protection policy on economies of scale and the effects of the welfare of 
tariffs on the Australian automotive industry. However, the research regarding the cost of welfare 
protection of the automotive sector on the innovate-Auto regime was not carried out in Brazil. It is 
surprising that a rigorous examination of the welfare cost of this protection has rarely been accomplished, 
considering that the Federal government of Brazil judges the automotive industry as important for the 
welfare of the economy in relation to the producer and the maintenance of employment, by intensely 
protecting the automotive sector. 
This paper analyzes the impact of trade barriers in the automotive industry on the welfare of Brazil using 
a partial equilibrium model. For Francois and Reinert (1997), the partial equilibrium model allows a 
relatively less complex and more transparent political analysis. In addition, traditional models in the 
literature of partial equilibrium gauging the demand and supply of automobiles are commonly used, for 
example, Berry et al. (1995), Negri (1998) and Huse and Salvo (2006). The completeness and complexity of 
the analyses can be lost by the partial equilibrium approach, however, the loss is not considered 
significant, since the automotive sector does not explain the Brazilian economy as a whole, regardless of 
the emphasis of Government. 
The automotive industry is considered important for the economy and protected by external competition. 
The most current data reveal that the Brazilian automotive industry accounted for 22% in industrial GDP 
and 4% of total GDP in 2015. In the generation of indirect taxes (IPI, PIS/COFINS, ICMS and IPVA) that 
was R$45 billion in 2016. In terms of direct and indirect jobs they correspond to 1.3 million people in 2018. 
The automotive sector has high levels of value added in its production chain, in addition to having an 
expressive multiplier effect on the economy (ANFAVEA, 2018). Thus, analyze the automotive regime 
Innovate-Auto can contribute to changes in the industrial policy of this sector and to improve the 
subsequent policies. In this way, it can circumvent the private perspectives and incentives in this segment 
to mobilize R&D, innovations in the sector, investments and policies for other chain sectors, in addition to 
automakers, and the best efficiency in automotive programs. 
The present work is divided into six sections: after this introduction, the second section presents the 
program Innovate-Auto. In the third and fourth sections, the methodology and the database used for the 
investigation of the hypothesis that there are losses of efficiency in industry with economy of scale with 
tariff protection, are presented. In the sequence, the fifth section brings the estimates and discusses the 
results found. Finally, in the last section, the final considerations of the work are presented. 

 
THE INNOVATE-AUTO PROGRAM 
Continuing the measures proposed by the Brazil Major Plan8, the federal government announced the 
creation of the new Brazilian automotive regime, called Innovate-Auto. Innovate-Auto was created on 
April 17, 20129. However, the differential of taxes between imports and domestic production, the main 
mechanism of the program, was initially established on August 18, 2011 when the Brazilian currency was 
overvalued and domestic demand heated began to increase the penetration of imported vehicles and auto 

                                                           
6 Veículos utilizados para estimação são os automóveis e comerciais leves que foram os mais comtemplados no programa 
Innovate-Auto. 
 
8 Brazil major plan was instituted by the Federal government establishing the industrial, technological, service and foreign trade 
policy for the period 2011 to 2014,aiming to stimulate the R&D and the national production to leverage the competitiveness of 
industry in the internal and external market (ABDI, 2018). 
9 The program was instituted by provisional measure 563/2012 (regulated by Decree 7.716/12), converted into law 12.715/12 
(regulated by Decree 7.819/12) with durability of five years (2013 to 2017), MDIC (2018). 
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parts, mainly from Mexico and South Korea, and increasingly from China. The structure, discussed 
between industry representatives (ANFAVEA10) and the government11, was to increase the tax charged 
on industrial goods (IPI) and then reduce it by the same value if the vehicle was produced internally, thus 
providing a tax advantage to domestic producers. To prevent further deterioration of the trade balance in 
the sector, the Government prepared the program, which was approved by Congress to start on January 
1, 2013 and should be completed by the end of 2017 (STURGEON, T. et al., 2017). 
The Innovate-Auto had as objectives: (1) Create conditions of competitiveness, strengthen the national 
chain of suppliers and increase the regional content of vehicles produced in Brazil measured by the 
volume of acquisitions of parts and inputs, (2) Increase the efficiency of vehicles (more economical cars) 
and insert the country's automotive industry on the global technology route, ensure investment in R&D 
(innovation), (3) increase the amount of expenditures in engineering, Basic Industrial Technology (BIT) 
and training of Suppliers (MDIC, 2018). 
The automotive regime included the IPI increase to 30% and predicted progressive discounts on this rate 
that were given as the program requirements were met.  The automakers installed in the country and 
with a high index of local content were included with the discounts, remaining unchanged the old IPI 
rate, when all the requirements were validated. Thus, the program granted the presumed credit of IPI as 
a benefit, conditioned to the attendance of some requirements (table 1). 
 

Table 1-Conditions for IPI reduction 

Years for concession: 2013 2014 2015 2016 2017 

R&D and innovation (% net revenue) 0,15% 0,30% 0,50% 0,50% 0,50% 

Engineering/Training  suppliers (% 
net revenue) 

0,50% 0,75% 1,00% 1,00% 1,00% 

Vehicular labeling Program- 
minimum products (%) 

36% 49% 64% 81% 100% 

Manufacturing  activity numbers 
required-automobiles and light 
commercial 

8 9 9 10 10 

Manufacturing  activity numbers 
required-trucks 

9 10 10 11 11 

Local purchases Additional credits above 30% of IPI 

Source: The authors, based on MDIC, 2018. 
 

The program required 0.15% of investment in R&D for the year 2013, reaching 0.5% in the year 2015. For 
engineering, basic industrial technology and supplier training, the maximum required during the regime 
was 1% (table 1). Similarly, the Innovate-Auto program aimed to strengthen the national supply chain 
and increase the regional content of the vehicles produced in Brazil. 
IPI rates also depended on the potential of the engine and the type of fuel as part of a political incentive 
to support smaller and more efficient vehicles. In addition to the 30 percentage points (PP) of the IPI 
increase brought by the Innovate-Auto for vehicles not covered by the program, the Government 
provided temporary reductions in the IPI as a way to boost the consumption of more economical 
vehicles. Before Innovate-Auto, for example, the standard IPI for vehicles with 1.0 Motorization was 7%, 
with the program, these vehicles sold without compliance with the requirements for IPI credits, increased 

                                                           
10 National Association of Automobile Manufacturers. 

11 Government: Ministry of Finance, the Ministry of Commerce and the Ministry of Science and Technology. 
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to 37%. Similar paths were followed by other types of engines and fuels. The protectionist policy is in the 
demand of local purchases with charges above 35% of the IPI for manufacturers outside the requirements 
of the program that contradict the WTO (World Trade Organization) rules (table 2). 

 
Table 2- IPI taxes levied on the Brazilian automotive industry 

Engine displacement 

Standard 
IPI 
before 
Auto 
innovate 
(2012) 

Standard 
IPI after 
Auto 
innovate 
(2012) 

IPI under 
innovate 
Auto: 
Reductions 
in 2012 

IPI under 
innovate 
Auto: 
Reductions 
in 2013 

IPI under 
innovate 
Auto: 
Reductions 
in 2014 

IPI 
under 
Innovate 
Auto in 
2015 

Less than 1L 7% 37% 0% 2% 3% 7% 

Flex / Ethanol 1-2L 11% 41% 5.5% 7% 9% 11% 

Gasoline 1-2L 13% 43% 6.5% 8% 10% 13% 

Over 2L Flex / Ethanol 18% 48% 18% 18% 18% 18% 

Over 2L de gasoline 25% 55% 25% 25% 25% 25% 

Source: STURGEON, T. et al., 2017. 
 
Another important consideration is how much the investments announced after the Innovate-Auto were 
actually motivated by the program. The investment announced by the companies in the period 2013 to 
2017 and their influences on the regime was responsible for only 51% of the committed investment and 
52% of the planned jobs (STURGEON, T. et al., 2017, p. 64). 
In addition to the incentives offered by Innovate-Auto, Brazil also offered low interest loans to 
automobile manufacturers through BNDES (National Bank for Economic and Social development) 
(STURGEON, T. et al., 2017). As for example, a loan of R$ 2.4 billion for Fiat, a loan of R$ 374 million for 
Renault and a loan of R$342 million for Volkswagen to design and develop new vehicles in the year of 
2017. 
The Innovate-Auto period exhibits reduction to imported cars in the domestic automobile market. The 
participation of imported cars in the Brazilian market decreased by 13% from 2014, reaching a reduction 
of 65% in 2017. One of the probable causes is the restriction of local content in the manufacture of vehicle 
on the program. As for locally produced vehicles, there is an upward drop up to 2016 and a modest 
recovery in 2017, due to increased exports. Graph 1 shows the Brazilian evolution in the Innovate-Auto 
division of Production, exportation and imported licensed in the Brazilian automotive sector. 

 
Graph 1-Evolution of production, export and imported automotive Brazilian: 2000-2017 
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 Source: The authors, based on ANFAVEA, 2018. 

 
The established period of Innovate-Auto was from January 2013 to December 2017, but was interrupted 
in September 2017 by the WTO alleging protectionist practices, pleaded by the European Union and 
Japan (HASTREITER & WINTER, 2014). Due to this fact, one new regime by the Government (MDIFT- 
Ministry of Development, Industry and foreign trade) called "ROTA 2030" was in debate between 
September 2017 and December 2018, predicting new incentives to the sector and based on the law of the 
Good12of 2005, but with the prediction of credits to be used in fifteen years (MDIFT, 2018). 
The government considers the automotive industry important for economics, and even with the 
misconceptions of the innovate-Auto regime, continues to protect it, making the current Route 203013² in 
effect at the end of 2018, providing subsidies and/or reducing tariffs-IPI, but with a new drapery. The 
problem of innovate-Auto was the restriction of local content due to the protectionist effect. 

 
METHODOLOGY 
The method used in the present study is the VAR/VEC14 that allows the analysis of the variables in the 
long term. This model allows econometric estimations in time series with regime changes. According to 
Krolzig (1996) The VAR, or autoregressive vectors, emerged with Sims (1990) and today are widely used 
to analyze the variables in time. 
Such analysis is employed in the calculation of welfare. However, the exact magnitude of the effects on 
welfare and employment effects will, of course, depend on the extent of the elasticities of demand and the 
supply of each country and of the particular variables, such as tariff rates and domestic costs of 
automobile manufacturing.  
Model estimates 

                                                           
12 "Law No. 11,196, of November 21, 2005, known as the" Law of good ", in its chapter III, regulated by Decree No. 5,798, of 
June 7, 2006, created tax benefits to technological innovation, among which stand out: * Deduction, in the calculation of the tax 
of Income due, expenditure with P &D, ...; * exclusion, in determining the actual profit for calculating the IRPJ and the basis of 
calculation of the CSLL... " (MCTIC, 2018). 
13 The new automotive policy was signed by the federal government on November 08, 2018 and published on December 11, 2018 
under the Law 13.755/2018 establishing the program Rota 2030, seeking to align the national product to the standard of large 
global poles with the aim of Vehicle exports and auto Parts (MDIC, 2019). 
14 Tcha & Kuriyama (2003) analyse the impact of the protection policy on economies of scale and the effects of the welfare of 
tariffs on the Australian automotive industry using the same methodology. The results of the Australian analysis will be 
compared with the outcome of this work. 
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For the objectives of the research, the elasticities of demand and supply based on the models of co-
integration and mechanism of correction of errors will be obtained, and subsequently, the welfare of 
consumers and producers in the Brazilian automobile industry. 
The models used, linked to the proposal of Innovate-Auto on category of cars for the implementation of 
the Regime, were divided into three classes: I) automobiles; II) light commercial, and III) automobiles and 
light commercial vehicles. The demand and offer functions are described as log-log templates: 
Model (I): 

Demand:                                                                                                         

Offer:                                                                                                                       

Where          is the number of new car registrations,        is the price of automobiles,  RI is the real 

national income and           is the number of automobiles produced in Brazil, followed by their 

intercepts    e   , and its random errors  e  . 

From the equations (1) to (6), the demand price elasticity is   , the income elasticity of the demand 
is    and the offer price elasticity is   ,which are the coefficients for the variables reported by log-linear 
regression. 
Model (II): 

Demand:         
                                                                                           

Offer:                                                                                                                    

Where         
 is the number of new light commercial records,        is the price of light commercials 

and the           is the number of light commercials produced in Brazil. 

Model (III):  

Demand:              
                   

                                                            

Offer:               
                   

                                                                         

Where              
 are the numbers of new cars and light commercial records, 

           
                                                                       

 are the numbers of 

automobiles and light commercials produced in Brazil. 
Thus, the expected signs for the empirical tests are: 
Demand function: 
      
     

    
      
     

    

Offer function: 
       
     

                 

 
VAR and VEC models 
The VAR and VEC models were used to determine the elasticities of demand and offer, in order to 
estimate the cost of welfare of tariffs.   
The VAR model can be expressed as follows: 

                                                                                           

Where: 
  = vector of intercepted terms       ; 
               matrices of coefficients that relate lagged values of the endogenous variables to the 

current values of such variables; 
               matrices of coefficients that report current and lag values of exogenous variables for 

current values of endogenous variables; 
  = vector       of error terms. 
Each of the variables X and Z is explained by their lagged values. 
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To select the best VAR model, the Schwarz (SC) and Akaike (AIC) criteria are based, which are important 
to determine the number of lags to include in the VAR model, since it takes into account the sum of the 
squares of the residues, the number of observations and the estimators of the parameter. So, the smaller 
the values, the better the model will be. 
Thus, to test the stationarity of the series, the ADF test (Dickey-Fuller increased) (1979 and 1981) without 
structural break and the Zivot test and Andrews with structural Break (1992), were used in this article, in 
order to verify the integration of the variables of interest. 
This study applies co-integration to solve the problem of the unitary root. Some pairs of non-stationary 
variables would be co-integrated due to imbalance forces (KENNEDY, 1992), which means that the 
variables are non-stationary individually, but a linear combination of them is stationary. Thus, the next 
step would be to test the existence of co-integration between a set of economic variables using the 
Johansen & Juselius Method (1990). 
The procedures described so far have been useful to determine the long-term equilibrium relationship 
between variables. Thus, Engle & Granger (1987) demonstrated that, even with a long-term equilibrium 
relationship between non-stationary variables (at level), it is possible that the short-term imbalance may 
occur. The mechanism that conducts the variables for equilibrium is known as the VEC model, in which it 
is possible to determine the speed at which short-term imbalances are eliminated. In such a way, all 
procedures developed for VAR can be applied15.. 

 
Tariff welfare measures 
When a supply curve has a negative slope the stability of the balance is not necessarily guaranteed. To 
have a stable balance, an increase in price should reduce excess demand, the same happens in reverse. 

Thus, 
   

  
 

   

  
  , where: 

        

  
 
   

  
 
 

  

 
  

 
 
   

  
 
 

  

 
  

 
 

                        
           

 
                                                                                                            

Where     
   

  
   

 

  
  (demand-price elasticity) and     

   

  
   

 

  
  (offer-price elasticity). 

Using estimated elasticities, the data on the quantity demanded, local production, domestic prices and 
international prices, the net effect of the welfare of tariffs on automobiles can be calculated. This analysis 
will measure three types of effects on welfare: changes in consumer surplus, changes in producer surplus 
and tariff revenue. The effects of social welfare and loss of efficiency (dead weight) will also be calculated. 
Figure 1 shows the changes in prices, the quantities demanded and the quantities offered by the Brazilian 
automotive industry as a result of tariffs.    e    in the figure represent the average prices of automobiles 
in Brazil and worldwide, respectively. Changes originating in the consumer surplus by tariffs are shown 
graphically as area         . 
The international and the national price have a relationship with        , where   are tariffs in 
automobiles, or            with   being the tariff (ad valorem). 
 

Figure 1-Welfare effects of tariffs with economies of scale 

                                                           
15 In order to perform the unit root tests, co-integration and estimation of the VAR and VEC model, the EVIEWS 8.0 was used. 
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Source: TCHA & KURIYAMA, 2003. 
 
As the offer's elasticity in relation to the price is considered negative, the supply curve has a negative 
slope, where the slope is sharper than the demand curve. As economies of scale exist, an increase in 
domestic prices due to tariffs reduces domestic production, which in turn decreases the negative 
producer surplus. This variation of the producer surplus is the area         in Figure 1.  
The Government tariff revenue is the product of the total number of imported cars and the tariff in each 
automobile, which is shown in Figure 1 as area [GBDF]. 
The consumer surplus deducted by the area          can be decomposed into two parts:          and 

       . The area          reflects the loss of the surplus paid for the highest price, which eventually 

belongs to the surplus of the producer or the tax revenue of the government. In contrast, the [bcd] area 
represents the loss of efficiency for the economy and is named  "Dead Weight ". The surplus of the 
producer in the case of economies of scale rises by area         .  The critical difference in the 
implications of the protection policy between the conventional case and the case of economies of scale 
emerges from this superavitary increase. While protection increases the producer surplus due to 
increased price and production expansion, in the conventional case, the distortion of resource allocation 
due to protection also causes dead weight loss. In the case of economies of scale, the protection policy that 
maintains high domestic prices (  ) only contributes to reducing the negative surplus of the producer the 
area [gef] is the negative loss of the producer's dead weight. As the [gbdf] area is the total fare charge. The 
net loss of welfare is the difference between the loss of dead weight of consumers and the gain of dead 
weight (or negative loss) of the producers16. 

 
DATA 
The data used in the estimation of the models were composed of monthly series between the periods 
from January 2000 to December 2017 of the following variables: 
(a) Numbers of records of new cars (         and         

  and the numbers of cars produced17 in Brazil 

(          and          
) were obtained in the ANFAVEA Yearbook (2018); 

(b) Brazilian gross domestic product (GDP) as a proxy for real national income (RI) deflated by the 
general price index-Internal availability (IGP-DI). The IR was obtained directly from the time series 
manager system of the Central Bank of Brazil (SGS/BACEN) and the IGP-DI of Ipeadata.  

(c) Price index to the broad producer (IPA) by classification of origin (OG) second category of vehicles 
as proxy of the weighted average of the actual price of cars (                 

),, at relative prices of 

                                                           
16 The area of loss of net welfare is . 
17 Production data refer to assembled vehicles. 
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the IPA-OG all items (IPA-OG Total). These economic indicators were obtained from the Brazilian 
Institute of Economics (IBRE) of Getúlio Vargas Foundation (GVF). 

It is hard to obtain a representative price for automobiles, since automobiles are differentiated by models 
and categories. Even the vehicle model itself has differentiated prices, depending on the options and 
characteristics. Thus, we selected vehicle models between two categories: automobiles18 and light 
commercials19. Two deflators were tested for monthly prices: IPA-OG/Ibre-FGV and IPCA-VN/IBGE20. 
The statistical sample IPCA-VN/IBGE, used by the institution is not by vehicle categories and the 
Innovate-Auto covered types of vehicles differentiated by engine power. Therefore, IPA-OG/IBRE-FGV 
is used by category of vehicles (automobiles and light commercial). The results were obtained with the 
deflation of the nominal series by IPA-OG categories/IPA-OG Total of IBRE-FGV. 
In the well-being, international prices were based on the world's leading producers21 (TAYLOR, 2018), on 
the basis of the Brazilian exports of vehicles by categories to these countries from WITTS/Comtrade22 
.The ratio of international prices was based on the value of exports of these countries on the weight per 
Kg as an implicit price, resulting in a weighted average of annual prices in the period 2013 to 2017. In 
turn, the national prices originate from the data source table FIPE23, from the programming in R (Web 
Scraping). They were obtained from the FIPE table, the prices of vehicles zero kilometer for the respective 
years of the Regime, according to the classification of the car models and best-selling light sales of 
FENABRAVE24 (November 2017 and 2018). 
EMPIRICAL RESULTS AND ANALYSIS 
For the scope of the research were initially adopted the functions (1) to (6) that are log-log models with a 
stochastic component (  )) in the estimations of the elasticities of the Brazilian automotive sector. Thus, 
the models are specified in table 3. 
 

Table 1 - Models specifications 

Model Specification Dependent variable Explanatory variable 

Demand 

Model I Automobile Auto licensing Auto price; Income 

Modelo II Light Commercial Come Licensing Come price; Income 

Modelo III Automobile and light Commercial AutoCome licensing AutoCome price; Income 

Offer 

Model I Automobile Auto production Auto price 

Modelo II Light Commercial Come production Come price 

Modelo III Automobile and light Commercial AutoCome production AutoCome price 

 Source: the authors 
 
Aiming to capture the effects of elasticities of supply and demand on the Brazilian automobile industry, 
the analysis period comprises monthly 2000 to 2017, which generates 216 observations. 

 

                                                           
18 Automobiles comprise vehicles of four categories of cars: cylinder cars not exceeding 1,000 cm3; Cars of a cylinder capacity 
exceeding 1,000 cm3, but not exceeding 1,500 cm3; Cars of a cylinder capacity exceeding 1,500 cm3, but not exceeding 2,500 
cm3; and cylinder cars exceeding 2,500 cm3. 
19 Light commercials are trucks and utilities, and for transportation of 10 people or more (exceeding 6M3, but less than 9M3), ie 
are vehicles for the transport of goods, load not exceeding 5 tons, and people, for example vans. 
20 IPCA-VN/IBGE: Broad consumer Price index for new vehicles of the Brazilian Institute of Geography and Statistics. 
21 According to Taylor (2018), some of the world's leading automobile producers are China, Japan, Germany, the United States, 
France, Spain, Mexico and Italy, and for light commercial vehicles are China, United States, South Korea, Japan, Spain, 
Germany, Mexico and Italy. 
22 WITS-World Integrated Trade Solution. 
23 FIPE table (2018)-Institute of Economic Research Foundation. 
24 FENABRAVE (2018) - National Federation of Automotive Vehicles Distribution. 
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Unitary root and structural breakdown tests 
The first stage of the time series analysis was to verify how the stochastic process of the series in the study 
behaved over the years. The series' stationary analysis was performed in order to verify the existence of a 
unitary root and structural breaks referring to each variable used in the model. 
Thus, to perform the co-integration test between the variables, the stationary series was analyzed using 
the Dickey-Fuller enhanced (ADF) without structural break test and the Zivot and Andrews (ZA) test 
with structural break, with constant and with Trend. The results of the ADF and ZA tests are summarized 
in tables 4 and 5, below. 

 
Table 4-Unit root test: ADF 

Variables Constant Tendency 
Level 
(5%) 

Critical 
value   
(5%) 

1st 
Difference 
(5%) 

Critical 
Value 
(5%) 

LICauto yes yes -0,398 -3,432 -5,189 -3,432 

LICcome yes yes -1,592 -3,432 -3,774 -3,432 

LICautocome yes yes -0,52 -3,432 -4,921 -3,432 

PRODauto yes yes -3,748 -3,431 -18,763 -3,431 

PRODcome yes yes -3,026 -3,431 -10,808 -3,431 

PRODautocome yes yes -3,591 -3,431 -18,713 -3,431 

Pauto yes yes -1,803 -3,431 -6,626 -3,431 

Pcome yes yes -1,922 -3,431 -7,144 -3,431 

Pautocome yes yes -1,789 -3,431 -7,505 -3,431 

PIB yes yes -2,024 -3,432 -3,502 -3,432 

Source: the authors 
 
Table 4 shows that the variables LICauto, LICcome, LICautocome, PRODcome, Pauto, Pcome, Pautocome and 
GDP in the logarithms are not stationary, at a significance level of 5%. While PRODauto and 
PRODautocome in the logarithms are stationary, but there is a structural breakdown in the year 2008. 
Additional tests are performed for the ten variables, taking the first difference. The tests performed for 
the series in the first difference indicated that, at the level of significance of 5%, the existence of unitary 
root is rejected. 

 
Table 5- Unit root test with structural breakdown: Zivot-Andrews 

Variables 
Level  
(5%) 

Critical 
Value 
(5%) 

1st 
Difference 
(5%) 

Critical 
Value 
(5%) 

LICauto -3,618 -4,42 -11,509 -4,93 

LICcome -2,662 -4,42 -7,672 -4,93 

LICautocome -3,432 -4,42 -11,299 -4,93 

PRODauto -4,576 -4,42 -10,413 -4,93 

PRODcome -3,783 -4,42 -11,034 -4,93 

PRODautocome -4,767 -4,93 -10,508 -4,93 

Pauto -3,656 -4,42 -7,271 -4,93 

Pcome -3,208 -4,93 -6,705 -4,93 

Pautocome -3,362 -4,93 -5,632 -4,93 

PIB -2,895 -4,42 -7,109 -4,93 
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Source: The authors 
 

The Zivot and Andrews test at a structural break level, with constant and tendency, cannot reject the 
presence of unitary root at a significance level of 5%. The same test in the first difference may reject the 
presence of unitary root, at a significance level of 5%, but even with difference, the PRODauto, PRODcome 
and PRODautocome variables remain with structural breakdown, suggesting Dummy (Dy) for correction 
of the breakage caused by the American subprime crisis (table 5). 
 
Estimates of long-term coeficients  

As variables with a unitary root are identified, the order of the VAR needs to be determined. The next 
step was to determine the lag number of the VAR model based on the criteria of Schwarz (SC) and 
Akaike (AIC). The SC information criterion detected the lowest value for the lag of order one in Model I 
(demand), corresponding to the signal expected in the model. Regarding the Model II (demand) and the 
Model III (demand), the SC information criterion detected the lowest value for the lag of order two, 
however, the choice differs from the lag selection tests, since the results obtained with lagging 1 showed 
to be more adjusted and statistically significant. 
Models I and III (offer), under the AC criterion, indicate that the order of the VAR model is the value for 
the lag of order five. However, the correspondence with the economic theory occurs with lag 4. In 
relation to the model II (offer), the best adjusted model was with lag 6.   
To determine the number of co-integration vectors, the trait tests commonly indicated by        and the 
maximum self-value test indicated by      are used. Both tests for Model I, II and III (demand) indicate 
the existence of three vectors of co-integration, to a critical value tabulated at a level of 5% significance. 
Models I, II and II (offer), indicated the existence of two vectors of co-integration, at a level of 5% 
significance. 
Furthermore, it is important to verify the stability of the models, for this, the inverse roots characteristics 
of the polynomial were used for the three models of demand and supply. The tests showed that there is 
no root outside the unit circle, so it is about demand and supply models that satisfy the stability 
conditions25. 
What is really important in this work is the long-term result to be applied in the welfare analysis. Based 
on the long-term function26, it can be affirmed that the signs of all parameters of the equations are 
satisfactory with those expected by the theoretical model (tables 6, 7 and 8). 

 
Table 6 - Estimation of long-term coefficients: Model 1- Automobiles 

Demand (I): dLICauto = - dPauto + dRI 

Variables dLICauto dPauto dRI Constant 

Coefficient 1 0,814** -1,244*** 0,003 

Standard deviation   -0,371 -0,167 -0,004 

Offer (I): dPRODauto = - dPauto - Dy 

Variables dPRODauto dPauto DyProdAuto Constant 

Coefficient 1 1,220*** 0,004 -0,004 

Standard deviation   (0.474) (0.008) (0.006) 

Obs.: 1)*** p < 0.01, ** p < 0.05, * p < 0.1. 

          2) “d” first difference 

Source: The authors. 

                                                           
25 The VAR lag tests, co-integration and the inverse roots characteristic of the polynomial for the three models of demand and 
supply will be available on request. 
26 The long-term analyses of the offerings (I, II and III) will be presented at the next session from the VEC. 
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The estimated price elasticity in Demand (I) indicates that, maintaining the variable constant income, the 
1% increase in licensing, will induce reduction of 0.81% in prices. It can be observed that the value of the 
Brazilian automobile licensing coefficient in relation to the automobile price is inelastic in the long term. 
The adjustment coefficient of the licensed value in relation to the income is equal to 1.24%, which in turn 
indicates that the constant price variable is maintained, an increase of 10% in the income should increase 
the licensed value of the order of 12.44% in the long term (Table 6). 
 

Table 2 - Estimation of long-term coefficients: Model 2 – Light Commercial 

Demand (II): dLICcome = - dPcome + dRI 

Variables dLICcome dPcome dRI Constant 

Coefficient  1 0,375 -1,197*** 0,001 

Standart deviation   -0,393 -0,169 -0,004 

Offer (II): dPRODcome = - dPcome - Dy 

Variables dPRODcome dPcome DyPRODcome Constant 

Coefficient  1 1,895** 0,022* 0,022* 

Standart deviation   -0,787 -0,012 -0,012 

Obs.: 1)*** p < 0.01, ** p < 0.05, * p < 0.1. 

          2) “d” first difference 

Source: the authors. 
 
As one may notice, the estimated income elasticity of Demand (II) indicates that if a 1% increase in the 
licensing of light commercial vehicles, and the price of light commercial cars remains fixed, an increase of 
1.20% in income will result. Regarding price elasticity, if 1% of increase in licensing occurs, and the 
income variable remains unchanged, it will result in a reduction of 0.37% in the price of light 
commercials, being that variable income had greater influence than the price (Table 7). 
 

Table 8-Estimation of long-term coefficients: Model 3- Automobiles and Light Commercial 

Demand (III): dLICautocome = - dPautocome + dRI 

Variables dLICautocome dPautocome dRI Constant 

Coefficient  1 0,765** -1,303*** 0,002 

Standard deviation   -0,386 -0,16 -0,004 

Offer (III): dPRODautocome = - dPautocome - Dy 

Variables dPRODautocome dPautocome Dy Constant 

Coefficient  1 0,829* 0,003 -0,005 

Standard deviation   -0,499 -0,008 -0,006 

Obs.: 1)*** p < 0.01, ** p < 0.05, * p < 0.1. 

          2) “d” first difference 

Source: the authors 
 
The same is true for Demand (III), but income elasticity is higher in 0.06 pp and the price elasticity is 
lower in 0.05 pp compared to Demand (I). Clearly the income had greater influence than the price in the 
aggregate model (automobiles and light commercial) (Table 8). 

 
Error correction model  
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The equations of the offerings were estimated using the VEC model, based on the co-integration test, to 
analyze how long the short-term imbalance would last. This way, one can analyze how long it will take 
the short-term imbalance to be eliminated in the long term. 
In the short term (α), the adjustment coefficients indicate a high adjustment speed towards the long-term 
equilibrium in each variable. It is worth mentioning that this study estimates the long-term relationships 
between the relevant variables to explore the welfare analysis under the automotive Innovate-Auto 
regime. Therefore, the importance is in the long-term coefficients (β) (Table 9). 

 
Table 9- Estimation of the short-and long-term coefficients of the VEC model 

Variables 
Short-term 
coefficients  
(α) 

Long-term  
coefficients  
(β) 

Offer (I) 

dPRODauto 0,250 1 

dPauto -0,651  (0,886)  1,219 (0,474) 

Dy -0,046  (0,112)  0,004 (0,008) 

Offer (II) 

dPRODcome 0,274 1 

dPcome -1,256  (1,570)  1,895  (0,787) 

Dy  0,108  (0,156) 0,022  (0,013) 

Offer (III) 

dPRODautocome 0,356 1 

dPautocome -1,307 (0,969)  0,829 (0,499) 

Dy -0,041 (0,112)  0,003 (0,008) 

Source: the authors 
The elasticity of the Offer (I) indicates that a 1% increase in the production of Brazilian automobiles will 
induce a 1.22% reduction in domestic car prices. It is observed that, in the elasticity of Offer (II), the 
adjustment coefficient of the production value of light commercial vehicles in relation to the price is equal 
to 1.89, which in turn indicates that, a 10% increase in production should reduce the price value by 18.9% 
in the long term. In relation to the elasticity of the Offer (III), it indicates that the 1% increase in aggregate 
production will induce an increase of  0.83%  in the prices of these vehicles. Clearly the price had a 
greater influence on model I, compared to the aggregate model. The model adjusted with the variable Dy 
was not significant, for this reason, does not contribute to the behavior of the National Production (Table 
9) 
The results show that the production of vehicles of the Brazilian industry has a negatively inclined long-
term supply curve, such analysis clarifies the existence of economies of scale, equivalent to Tcha & 
Kuriyama (2003). Bloomfield (1978) explained that since the initial phase in the history of the combustion 
vehicle, economies of scale in production and on the market have been significant in the formation of the 
industry structure. Since the mid-2000, the automotive industry in Brazil has experienced the 
restructuring of the industrial park. According to Casotti & Goldenstein (2008), the new investments are 
in capacity destined to new production units, in the existing expansion, in the development of new 
products and technology (R&D). MDIC has announced IPI reductions for energy-efficient vehicles with 
Innovate-Auto, either to reduce import of parts or to increase production in terms of local content. As a 
result, the factories were automated with more technology and the average costs decreased as new cars 
were produced. These facts imply that it is highly probable that the Brazilian automotive industry can 
reduce the average costs, for example, in 2013 the production of automobiles and light commercials 
reached record numbers (3.5 million of units produced) (ANFAVEA, 2018). 
Since the automotive industry is extremely capital intensive, an increase in capital goods investment 
leads to greater production efficiency. However, it is doubtful whether the benefits derived from 
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economies of scale are fully realized by an increase in investment. However, it was observed that, as the 
offer's elasticity in relation to the price is negative, the tariff of the automobiles actually reduced domestic 
production, contrary to the case of decreasing scale returns. 
Another valid argument for the decreasing supply curve can be found from the gradual reduction of 
tariffs on imports of assembled vehicles and parts of motor vehicles i.e. lower prices of vehicle parts for 
cars energy-efficient technologies adopted by Innovate-Auto, in turn, facilitate the production of cars 
with lower costs, which contributes to shaping the long-term bid curve slanted downward. 
The abolition of local content requirements also contributes to reducing the price of auto parts, but this 
measure was not adopted in the program, on the contrary, it was one of the criteria of the automotive 
regime. According to Sindipeças (2018), sales for automakers in the Innovate-Auto period accounted for 
an average of 64.6% of the parts market and has a cumulative deficit in the trade balance of US $74.8 
billion. It is notorious that producers used the IPI reduction to produce more energy efficient vehicles 
with imported parts, at a lower cost than nationals, since some parts require R&D and investments for 
domestic production. Thus, the requirement of local content was not a preponderant factor for the 
production of vehicles, making it contradictory for cost reduction and efficiency of the Brazilian 
automotive industry. 

 
Welfare of the consumer, the producer and the net effect on the economy 

An important step before the welfare analysis itself refers to the evaluation of tariffs in the program. It is 
perceived, through the results of the demands and offers, that one of the reasons that contributed to the 
increase in car prices and the prices of domestic light commercial during the period Innovate-Auto were 
the tariffs, which in turn reduced the production and consequently reduced the producer's negative 
surplus ("gain" of dead weight through the consumer surplus at high tariffs). Moreover, the prices, overly 
high, negatively impacted the national industry, reducing demand and the surplus of consumers, 
respectively27. 
The results show the price variations, the quantities demanded and the quantities offered in the 
automotive industry of Brazil, as well as the price results in relation to tariffs (PA and PW). The changes 
brought in the consumer surplus by tariffs are calculated using the integration of the inverse demand 
curve for the prices of each year t, the information obtained in the long-term estimation and the collected 
data. The results obtained based on cointegration are: 
1) Demand (I):  

           
        

  
      

        

2) Demand (II):  

          
      

  

  

      
        

3) Demand (III):  

          
      

  

  

      
        

Where: 
PA = 0 Km National Vehicle Prices; 
PW = 0 Km International Vehicle Prices; 
Pt = National price index by categories in year t; 
RIt = Actual national income in the year t. 
The changes in the prices of Brazilian vehicles do not influence the terms of global exchange. The surplus 
of the producer, in each year t, is calculated using the integration of the inverse supply curve for the 
prices of each year t, according to the parameters obtained in the VEC model: 
1) Offer (I): 

                                                           
27 These results are comparative with the study, Tcha & Kuriyama (2003), of tariff protection in the Australian automotive sector 
in the analysis of economic well-being.   
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2) Offer (II): 

          
      

  

  

      
        

3) Offer (III): 

         
      

  

  

      
         

Where: 
Dyt  = Dummy structural breakdown (subprime crisis) in the year t. 
The welfare results of models I and III are shown in tables 10 and 11. Model II28 is not significant for the 
effect of welfare analysis, because the data are not reliable for the present study, because the parameters 
are also not statistically significant. 
In Model I, it is observed that the total net dead weight loss for the five years (2013-2017) is calculated at 
R$25 billion. This value is considered small, for example, Hufbauer & Elliott (1944) consider this amount 
of small net dead weight, largely due to the dead weight gain (or negative dead weight loss) accumulated 
to producers by tariffs, i.e. if the industry has no economies of scale, the two dead weight losses must be 
added, and the total loss of dead weight would be greater. As tariffs have been relatively high over the 
Innovate-Auto´s years, the net effect of this protection policy reflects losses of R$8.3 billion in 2017. Thus, 
while tariffs contributed to the industry benefiting from economies of scale with tariff exemptions for 
energy-efficient vehicles, they adversely affected consumers (Table 10). 
The consumer surplus, in Model I, reduced a total of R$53.4 billion under the program. Although the 
deficit in the consumer surplus decreased by R$3.4 billion in the years 2015 and 2016, compared to the 
year 2013, the surplus of the producer also reduced, due to the gradual increase of the IPI. In such a way, 
even under the requirements of the program, the Regime enacted increases in IPI in recent years and 
consequently reduced the demand in this period, besides the economic crisis triggered from the 
beginning of the year 2015 in Brazil. 
The loss of consumers represents R$11.7 billion in 2017. In 2017, as the number of new car registrations in 
Brazil reached 1.8 million units, each consumer who bought a car paid about R$6.303,05 (≈ R$11.7 
billion/1.8 million) more than without the tariffs. The complete loss of the surplus of consumers of the 
economy, reducing the consumption of automobiles, reached R$16.6 billion. 
The damage the consumer experienced is partially compensated by the increase in the surplus of the 
producer, which averaged about R$40 million per year. Given that the net effect of welfare is R$5 billion 
on average per year, it can be perceived that the protection policy for the Brazilian automobile industry 
caused more serious problems in terms of redistribution of wealth than in the loss of liquid efficiency 
(Table 10). 
One of the most widely used arguments for defending protection policy is that tariffs can increase 
domestic employment. It is observed that the number of workers in the automobile industry in Brazil has 
declined. Since the Regime's validity, there has been a loss of employability of 5% of the total 
participation of the jobs29. However, in order to make the argument valid, that this decrease in 
employment could have been greater if it had been removed or reduced to tariff protection, the industry's 
supply curve should be positively inclined. 
The comparative analysis of the auto parts sector in favor of local content for automobile manufacturing 
indicated that the total number of employees decreased by 6% of the total participation of the jobs in the 
period  from 2013 to 2017 (SINDIPEÇAS, 2018). Vehicle tariffs, components and spare parts also 
increased: 15% on average before Auto-Innovate (2012) to 45% on average under the Regime (2013) for 

                                                           
28 Available on request. 
29 The total loss of R $11.7 billion (from consumers) in 2017 is equivalent to 26% of total employee participation in relation to 
their average salary (≈ R $3.0 billion/11.7 billion). In 2017, the total number of employees in this sector was approximately 1.3 
million people (Anfavea,2018) with an average salary of R $2,368.61 (RAIS, 2018). 



                Business Management Dynamics  

Vol.9, No.05, Nov 2019, pp.01-19 

   

©Society for Business and Management Dynamics 

vehicles or parts that did not meet the program's requirements. Therefore, the total number of employees 
under program was not significantly compensated by tariff increases. Therefore, the reduction of 
employment in the automobile industry should be regarded as a result of increases in productivity 
(idleness) or substitution of working capital (there has been a cumulative increase in the idleness of 
production capacity in this industry in 2016 in approximately 50%), instead of increasing tariffs to elevate 
and/or maintain employment (ANFAVEA, 2018). 
The government's tariff revenue is the product of the total number of imported cars and the fare in each 
car. Assuming the maximum tax on the import tariff allowed by the WTO in 35%, the tariff revenue 
increased by a total of R $28.2 billion under the Regime (Table 10). 

 
Table 10-Estimated welfare effects of tariffs (million R$): Model 1 

Year 
Consumer 
Surplus 

Producer 
Surplus 

Tariff 
Revenue 
(35%) 

Net 
Effect 

2013 -11.374 53 7.434 -3.887 

2014 -14.364 56 7.238 -7.070 

2015 -7.960 27 6.917 -1.016 

2016 -8.007 25 3.245 -4.737 

2017 -11.699 40 3.369 -8.290 

Total -53.404 201 28.202 -25.000 

Source: the authors 
 
In relation to Model III, Table 11, shows that the total net dead weight loss for the five years (2013-2017) is 
calculated at R$16 billion. The total net loss of the model III is lower when they aggregate the two 
categories of cars. However, as tariffs were relatively higher for light commercial vehicles30 over the 
Innovate-Auto years, the loss of the aggregate net effect of this protection policy is even greater in 2017, 
reaching R$8.9 billion. 
The consumer surplus in Model III also reduced a total of R$59.2 billion for the same period. This 
consumer loss was higher, in a differential of R$5.8 billion. Thus, the total loss of consumer welfare due to 
tariffs in Innovate-Auto represents a significant distortion for this category of vehicles. 
In Model III, consumer damage represents R$14.8 billion in 2017. This consumer paid a differential31 of 
R$505.08 more in Model III. The complete loss of consumer surplus in model III was moderately higher in 
terms of loss of well-being, reducing aggregate consumption by about R$17.8 billion (Table 11). 
In the surplus of the producer, in Model III, there was a significant excess, an increase of R$84 million in 
Model III compared to Model I. This result was predicted, since manufacturers achieved higher gains 
with high light commercial prices, paid by consumers in detriments of their remarkable tariffs.  In such a 
way, the loss of welfare in the economy was greater for consumers in the Model III, compared to 
producers ' gains, and lower in the loss of net efficiency in the domestic market, highlighting the 
imbalance in the redistribution of wealth ( Table 11). 
In the aggregate model, the government's tariff revenue increased by a total of R$40.6 billion. The 
collection was higher in Model III, R$12.4 billion more, compared to Model I. 

 
Table 11-Estimated welfare effects of tariffs (million R$): Model 3 

                                                           
30  Light commercial vehicles include the engine displacement category above 2L. 
31 In 2017, the number of new cars and light commercial records in Brazil reached 2.2 million units, that is, the consumer paid R 
$6,808.13 (≈ R $14.8 billion/2.2 million). 
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Year 
Consumer 
Surplus 

Producer 
Surplus 

Tariff 
Revenue 
(35%) 

Net 
Effect 

2013 -14.546 185 10.108 -4.253 

2014 -17.321 190 10.087 -7.043 

2015 -4.390 38 9.641 5.289 

2016 -8.105 72 4.991 -1.036 

2017 -14.814 137 5.753 -8.925 

Total -59.176 622 40.580 -15.969 

Source: the authors 
 
In fact, as shown in Model I and III, the Brazilian government's policy that gradually raised tariffs on 
automobiles and light commercials increased the discrepancy between the international price and the 
national price. Simultaneously, this domestic price increase can be one of the causes for the reduction of 
employment in the automobile industry (Innovate-Auto), as the industry reveals to the economies of 
scale. In short, the most efficient and competitive point of production for the Brazilian automotive 
industry is not achieved through the protection of policies, but by the expansion of production with the 
reduction of its marginal cost, even lower than the international price. 
 
CONCLUSION 

The objective of this article was to evaluate the welfare incurred by the tariff imposition in the automotive 
industry on the Innovate-Auto program introduced by the federal government in the years 2013 to 2017, 
and its impacts. The elasticities of the supply and demand of automobiles, light commercial and 
aggregate (automobiles and light commercial) were estimated in the Brazilian market and determined the 
welfare of the automotive Innovate-Auto policy. 
The effects of the program's protection policy have resulted in some interesting conclusions in the welfare 
of the economy. The supply curve under the Regime is negatively inclined, which indicates the existence 
of economies of scale in the industry. Economies of scale provide two important policy implications: the 
effects of trade policy and the effects on welfare.  
The effects of the trade policy have gained relevance from the Innovate-Auto program on the high import 
index in the automobile industry. The measures adopted by the programme, the IPI increase for low 
energy-efficient vehicles and no local content (national parts) in the production chain, proved to be 
efficient in reducing imports, creating reductions since its validity. In exports, they were not effective. It is 
also evident the need for complementary measures so that the Brazilian automobile industry can change 
the current export level and seek more efficient ways to drive the manufacture of domestic parts with 
R&D and technological innovation . 
The effects of the welfare of tariffs were measured through three parts: consumer surplus, producer 
surplus and government tariff revenue, finally obtaining the net result of welfare. It was reported that the 
net loss of welfare of the economy was small, compared with the losses of consumers for automobiles 
(Model I) and for the aggregate (Model III). This can be expected, as the industry demonstrates economies 
of scale. The negative effects on consumers have been quite broad. The loss of welfare in the economy 
was higher for consumers in Model III, compared to producers' gains, and lower in the loss of net 
efficiency in the domestic market. The government's tariff revenue was higher in Model III than in Model 
I.  In summary, for the Brazilian economy, the loss of efficiency due to tariff protection was relatively 
small. However, the imbalance in the redistribution of wealth was much more severe. 
The analyses showed that the measures of the automotive regime, represented a great influence on 
investment decisions, as well as new installations or modernization in the Brazilian automobile industry. 
Regarding the hypothesis that there are losses of efficiency in economies of scale with tariff protection, it 
was found that in the measures adopted by Innovate-Auto, improvements in the employment indexes 
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were not evidenced, since the production decreased throughout the program and consequently can 
generate reductions in employment. In addition, the automobile industry holds high robotic technologies 
in the production line, the modernization of the manufacturing park during the program, can be one of 
the plausible causes for labor reduction. In this way, there is no evidence to support the conventional 
theory that the gradual increase in tariffs in Brazil has contributed to raising jobs in the industry, at least 
in the last five years, they have had a reduction. 
The main contribution of this work is that there are no national works addressing the welfare of the 
economy under the program Innovate-Auto, being unprecedented in the Brazilian bibliography and 
international. It aims to offer an analysis of economic well-being in policies adopted in the Brazilian 
automobile industry. In addition, they expose to the automotive industry, to the private sector entities, to 
academic entities and government ministry that can – and should – exist an approximation of the 
researchers with the industry. 
As for future research, it is suggested conducting works that confirm the impacts on other categories of 
bus and truck vehicles. Moreover, this work does not exhaust here, the welfare assessment of the new 
ROTA 2030 program illustrates new research. 
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