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Abstract. The aim of this paper is to identify the path of the gasoline price elasticity, 
ethanol price elasticity, ethanol-gasoline cross-price elasticity and the gasoline-ethanol 
cross-price elasticity for the flex-fuel vehicle market, as well as to discuss the taxa-
tion policies impact of the Economic Domain Intervention Contribution (CIDE) on 
the ethanol and gasoline markets. Therefore, it was used the Structural Methodology 
model, as well as official data from 2003 to 2007. The results show great power of influ-
ence of the tax on the gasoline’s price and on the costumer’s choice between ethanol or 
gasoline. Thus, the CIDE is one of the most important reasons for ethanol consume, 
contributing to an effective reduction in the green house gases and atmospheric pollut-
ants emissions.

Keywords:	 Brazilian taxation policy, price elasticity, ethanol, gasoline, consumer’s 
choice.

JEL codes:	 Q42, Q48.

1. INTRODUCTION

The importance of the biofuel industry to the Brazilian economy, the 
urban environment and the country’s strategic positioning in the world 
energy matrix is widely known (Brazil, 2006; Milanez et al,. 2012; Moraes, 
Bacchi, 2014; Santos, 2016). This importance dates back to the 1930s with the 
implementation of the Sugar and Alcohol Institute (IAA), gaining even great-
er relevance with the creation of the National Alcohol Program (PROÁL-
COOL) in 1975, motivated by the petroleum crisis and the need to reduce its 
dependence. Since then, it has been important the Government participation 
in promoting competition, supporting technological innovation and improv-
ing policies for the biofuel industry (Shikida et al., 2014).
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Furthermore, there is the fact that biofuels are sub-
stitutes for petroleum derivatives, which have larger-
scale production and more stable technological trajec-
tory. Even though fossil fuels generate environmental 
pollution and damages to the health, which are not 
considered in their pricing, they have a lower cost than 
biofuels (Cardoso et al., 2017; Santos, 2016; Neves, Cone-
jero, 2010).

In this context, public policies have the purpose to 
actin the biofuels production viability, in such away that 
they would have conditions of competitiveness via price 
against fossil derivatives (Kutas et al., 2007; Steenblik, 
2007; Bentivoglio, Rasetti, 2015). It is not e worthy that 
PROÁLCOOL granted fiscal incentives for acquisition 
of exclusively ethanol driven cars to encourage the crea-
tion of the ethanol market. At that time, the decision for 
using one or other fuel was made at the car purchase 
time and not every refueling. At this stage, ethanol and 
gasoline were not substitutes (Moraes,  Bacchi, 2014).

Although ethanol and gasoline are not perfect sub-
stitutes, consumers have been reacting to the hydrated 
ethanol price oscillations in relation to gasoline. Thus, 
consumers reaction to the fuel price oscillations with a 
specific tax, which is the Contribution of Intervention 
in the Economic Domain (CIDE-Fuels), is this paper’s 
focus.

Before focusing specifically on this theme, it should 
be noted that historically government measures have 
been taken in four main thematic groups in attempt 
to favor biofuels, such as: i) establishment of a «market 
reserve» for the biofuel industry (for example, establish-
ing a mandatory blend of 27% into gasoline); ii) the con-
tribution of public resources to selected actions (such as 
research and an hydrous ethanol technology, credit sub-
sidy, technology adoption programs); iii) supply regula-
tion and diversification measures (storage support, etha-
nol supply obligation at pumps, support for the sugar-
cane-bagasse electricity generation); iv) exemptions and 
differentiation tax (Santos, 2016; Szmrecsányi, Sá, 2002).

In this context, this paper approaches the behavior 
of the ethanol and gasoline market in relation to only 
one thematic group – item iv. To this end, efforts are 
focused on CIDE-Fuels, or simply CIDE, because it is 
the main federal and the most oscillating fuel tax. Other 
aspects of the fuel production chain complexity – such 
as supply conditions, variations in other taxes, among 
others – are not focused in this paper.

It is easy to note that in the four groups of actions 
mentioned above, there are incentives for consumers to 
have the opportunity to choose between ethanol and 
gasoline for the price when arriving at the gas station. 
Given the other conditions and market dynamics, the 

hypothesis that justifies the actions in i, ii, iii and iv by 
the government is that they tend to balance ethanol-gas-
oline relative prices, mainly when there are petroleum 
and its derivatives price falls or macroeconomic poli-
cies changes. Such events, in this case, can make gaso-
line more competitive against hydrated ethanol, which 
demands public policies. Therefore, when approaching 
this issue from a stricter point of view to the economy, it 
is necessary to analyze the behavior of the ethanol price 
elasticity, gasoline price elasticity and the ethanol-gas-
oline cross-price elasticity. This is because the govern-
ment actions tend to influence and, at the same time, to 
be influenced by decisions made involving the elasticities 
under analysis, even if not purposely.

Despite the well-known theses that are expected 
negative responses to tax rises, as well as the Govern-
ment interference in the fuel industry, the justification 
for the government actions from the CIDE is to induce 
the consumption of a health-beneficial fuel – remember-
ing that the CIDE is levied on gasoline and only occa-
sionally on ethanol. Therefore, it is important to study 
the elasticities, so that the measures are improved in 
the context of the public spending optimization and the 
achievement of environmental and social aims (Costa, 
Burnquist, 2016).

Thus, the aim of this paper is to identify the path of 
the gasoline price elasticity, ethanol price elasticity, etha-
nol-gasoline cross-price elasticity, and the gasoline-etha-
nol cross-price elasticity for the flex-fuel vehicle market, 
using the Structural Model. In addition, it aims to verify 
the responses recorded by the market, expressed by the 
elasticities, on the government shock measures to induce 
price equilibrium. It is believed that, in this way, it can 
be offered one more way to assess the impacts of gov-
ernment policies on the fuel market, and to design more 
effective and efficient ethanol policies.

Considering that Brazil is one of the main ethanol 
producers and exporters worldwide, it is important to 
understand the ethanol price formation in Brazil, high-
lighting the Brazilian taxation policy. It can be an exam-
ple for other countries since it represents an incentive 
for Brazilian people to consume a health-beneficial fuel. 
Other countries can adopt a similar system to help their 
economy.

2. BRIEF CONTEXT OF THE BRAZILIAN TAXATION 
POLICY ON FUELS

Since the Brazilian Revolution of 1930, govern-
ment intervention has been strongly present in etha-
nol policies. In 1933 the Institute of Sugar and Alcohol 
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(IAA) was created, whose aim was to regulate the sugar 
and alcohol industry (Szmrecsányi, Sá, 2002). Another 
important fact for the boost of this industry was the 
institution of the National Alcohol Program (PROÁL-
COOL) after the petroleum crises in the 1970s. It was 
from this Program that the ethanol production and use 
showed a significant increase, because the ethanol was 
consolidated as fuel, initially only an hydrous ethanol 
and, later, hydrated ethanol1.

Brazil has been investing in the ethanol production 
since the 1970s, taking advantage of the natural compet-
itiveness of sugarcane production in this country. Before 
that, the first incentive to boost ethanol production was 
through the Decree 19,717/1931, which determined the 
obligatory blend mandate of 5% of ethanol into import-
ed gasoline; for vehicles of public agencies such obliga-
tion was 10% (Szmrecsányi, Sá, 2002).

In 1938 fossil fuel policies were set, with the crea-
tion of the National Petroleum Council (CNP), in which 
although it had federal scope, it gave the states and 
municipalities autonomy to create taxes on operations 
involving petroleum and its derivatives, such as produc-
tion, distribution, marketing, consumption and import. 
However, in 1940, a new Law entrusted the Union to 
create such taxes, being levied on fuels the Import Tax 
(II), Sales and Consignments Tax (IVC) and Unique Tax 
on Fuels and Lubricants (IUCL) (Lima, 2016).

With the military dictatorship occurred in Brazil 
in 1964, there was a tax reform, which implied changes 
in the fuel prices formation. For example, the IVC was 
replaced by the Tax on Operations Related to the Goods 
Circulation and on Services of Interstate and Intercity 
Transport, and Communication Services (ICMS). As for 
the IUCL, Lima (2016, p.6) states that its rates «are now 
levied on tabulated amounts, fixed by the CNP. To these 
values, additional parcels have been added, denominated 
lines. The amount obtained with the sum of these lines 
constituted the billing price» (Lima, 2016). However, 
in 1980, the IUCL started to have a specific base for its 
computation, dissociating itself from the petroleum cost.

Furthermore, the Contribution to Social Integration 
Programmes (PIS), the Contribution to the Programme 
of Public Servants’ Patrimony Formation (PASEP) 
and the Social Investment Fund (FINSOCIAL), which 
were created to be levy on business income, started to 
be accounted for in the fuels price in refineries (Lima, 
2016).

In the 1970s, with the creation of PROÁLCOOL, 
the Brazilian government implemented fiscal policies to 

1 It is emphasized that the hydrated type is the one used directly on the 
engines as fuel, while the anhydrous type is used in mixture with the 
gasoline.

encourage the acquisition of ethanol-driven cars, since 
the technology did not allow the exchange of fuels. 
Ethanol-driven cars had lower tax, like ICMS, Taxes on 
Industrialized Products (IPI) and Motor Vehicle Prop-
erty Tax (IPVA). In addition, the government commit-
ted to keep the ethanol price at 65% of the value paid 
for gasoline. With these incentives and the evolution 
of engine technology, sales of ethanol-driven cars grew 
exponentially until the late 1980s.

Currently, by Decree 9,101/2017, the main taxes 
which are levied on fuels are ICMS, PIS/PASEP and 
CIDE. CIDE was established in 2001 and has come to 
be considered the main instrument of government inter-
vention to guarantee ethanol competitiveness, precisely 
because it was levied on gasoline.

It is worth noting that the tax burden varies accord-
ing to the type of fuel and some also vary according to 
the Brazilian states. ICMS is an example; but, on aver-
age, its rate remains around 25% to 34% of the gasoline 
value; 12% to 25% of the diesel value; and from 12% to 
30% of the ethanol value.

PIS/PASEP (unified in 1975) is a federal tax whose 
rate are R$ 0.7925/litre of gasoline, R$ 0.4615/litre of 
diesel and R$ 0.1309/litre of ethanol. CIDE, the focus of 
this study, is also a federal tax and its rate are R$ 0.10/
litre of gasoline, R$ 0.05/litre of diesel and it is not lev-
ied on ethanol in the period here highlighted (2003-
2007). Thus, taxes which are levied on gasoline corre-
spond to 45% of its price, while taxes on ethanol repre-
sent 28% (National Federation of Fuels and Lubricants 
Trade – Fecombustíveis 2017).

Considering the taxation on fuels in São Paulo State 
at the beginning of 2017, it is estimated that the federal 
taxes value (CIDE, PIS and COFINS–Contribution for 
Social Security Financing) is R$ 0.652 for gasoline and 
R$ 0.242 for ethanol, remembering that CIDE aliquot is 
zero for ethanol; while the state tax (ICMS) is R$ 0.903 
for gasoline and R$ 0.293 for ethanol. Thus, taxes total 
R$ 1.555 for gasoline and R$ 0.535 for ethanol (referring 
to October 2017). Considering the average selling price to 
consumers, the PIS/COFINS and CIDE values for gaso-
line correspond to approximately 73% of the value estab-
lished by Decree 9,101/2017, due to the 27% of anhydrous 
ethanol present in the blend (Fecombustíveis 2017).

As for price formation, Lima (2016) argues that the 
final price paid by consumers is formed by the product 
value plus the taxes. In the case of gasoline, consumers 
also pay for the ethanol price added into gasoline. Luca 
and Barbosa (2016) corroborate adding that the taxes 
value considered in the final price paid by consumers is 
that in which is levied on the production, improvement, 
transportation, commercialization and resale of fuels. In 
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this way, all or almost all of the tax burden is paid by 
consumers.

According to Costa and Guilhoto (2011), the final 
ethanol price paid by consumers is relatively more com-
petitive vis-a-vis the gasoline price when considering 
CIDE rate and the differentiated ICMS rate. However, 
CIDE cannot be considered as the main factor in the 
increase of the ethanol competitiveness in relation to gas-
oline, since it has been used more as an inflationary con-
trol than a stimulus to the ethanol consumption. It was 
evident during the financial crisis of 2008, in which the 
CIDE rate decreased from R$ 0.28 to R$ 0.18 per liter.

In the early 2000s, with the introduction of the 
flex-fuel vehicle in Brazil, the ethanol use as a pure fuel 
without addition of gasoline was further expanded. For 
these vehicles, consumers could choose between ethanol 
or gasoline, or a mixture between both. Thus, assum-
ing there is no price control and strong macroeconomic 
policy influences, when the petroleum and its derivatives 
prices are high, ethanol consumption is favored and, 
therefore, its production increases (Santos, 2016).

Thus, top revent the petroleum price instability from 
significantly affecting the sugar and alcohol sector, the 
government decided to obligate ethanol mixture into 
gasoline, guaranteeing part of the ethanol production 
and consumption. By Law 13,033/2014, such mixture is 
27% of ethanol anhydrous into gasoline. Since 2016, the 
government also opted to defend the market autonomy 
regarding the practice of fuel prices in general, based on 
the PETROBRÁS autonomy as the main gasoline pro-
ducer and distributor and an important stakeholder in 
the ethanol distribution.

3. METHODOLOGY

Most of the studies that address the issue of the fuel 
market elasticities in Brazil use traditional time series 
models focused on cointegration, which have the advan-
tage of producing elasticities of both short-and long-
term. However, the elasticities values are average values 
for a given period. In this way, this study uses the Struc-
tural Model, since it has the advantage of obtaining the 
point-to-point elasticities for the analyzed period. This 
information will be useful in identifying the intensity 
of consumers responses and behavior in relation to the 
government measures which impact some goods prices.

3.1. Theoretical model

According to Hughes et al. (2006), several studies 
on the gasoline price elasticity are based on microeco-

nomic theory, being the quantity demanded of product as 
an inverse function of gasoline price and a direct func-
tion of income. More specifically, as stated by Sterner 
and Dahl (1992), the gasoline demand model is based 
on the hypothesis that the utility function of the con-
sumer depends on gasoline demand (GD) plus aggregate 
demand for other goods (OD). Consumers know both 
the gasoline price (GP) and the other goods prices (OP) 
– hypothesis of full rationality, being the other goods 
prices represented by the consumer price index. Based on 
the assumption that consumers are rational, they choose 
GP and OP in such a way as to maximize their respective 
utility function, which is given by their respective budget 
constraint, represented as (GP*GD)+(OP*OD)≤Y, where Y 
is the consumer’s income.

Therefore, the equation to be maximized is the com-
bination of the consumer utility function and its budget 
constraint, U(GD,OD)+λ[Y-(GP*GD)-(OP*OD)], where λ 
is Lagrange multiplier. Based on the hypothesis of the 
traditional neoclassical microeconomic model, it is esti-
mated that the quantity demanded of gasoline is a func-
tion of the gasoline price, the substitute good price and 
of the income. However, in the case of the non-existence 
of a substitute for gasoline, the determination of the 
gasoline price elasticity presents a more restricted econo-
metric model, since the amount of gasoline consumed 
depends only on its own price and on the consumer’s 
income. This model is written as:

lnGDt=β0+β1 lnGPt+β2 lnYt+εt� (1)

where GDt corresponds to the quantity demanded of 
gasoline; β0 is the constant; β1 represents the price elas-
ticity; GPt is the gasoline price; β2 is the income elas-
ticity; and Yt is the consumer’s income. Finally, εt cor-
responds to the residues which, by hypothesis, are ran-
dom. Considering that the variables are in the logarith-
mic format, the estimated coefficients correspond to the 
respective elasticities.

Alves and Bueno (2003) estimated the gasoline 
demand for Brazil using Engle-Granger’s cointegration 
method (Engle, Granger, 1991) based on equation (1), 
which represents gasoline demand models. One item 
that distinguishes this model from the models applied in 
the international market is the introduction of the eth-
anol price as a substitute for gasoline. The econometric 
model for the gasoline demand has this composition:

lnGDt=β0+β1 lnGPt+β2 lnYt+β3 lnEPt+εt� (2)

where β3 is the cross-price elasticity and EPt is the eth-
anol price, while the other variables and parameters 
remain the same as in equation (1).
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However, when Alves and Bueno’s study was devel-
oped, the flex-fuel car technology was not used on a 
commercial scale yet, since this technology started 
being commercialized only from 2003. On the other 
hand, from 2003 onwards, the use of flex-fuel vehicles 
showed an upward trend, reaching almost 80% of the 
new vehicles that went into circulation in São Paulo 
State in 2012.

In this context, this paper analyses both the gasoline 
and the ethanol market, emphasizing that the introduc-
tion of the flex-fuel car was a watershed, allowing the 
consumer greater freedom in terms of which fuel to use. 
Thus, a second model was estimated aiming to deter-
mine the ethanol demand:

lnEDt=β0+β1 lnGPt+β2 lnYt+β3 lnEPt+εt� (3)

where EDt represents the quantity demanded of ethanol; 
and the other elements have already been defined previ-
ously.

From models (2) and (3),the respective long-run 
elasticities can be estimated as:

� (4)

where the first term corresponds to the gasoline price 
elasticity; the second represents the gasoline income 
elasticity, and the third represents the cross-price elas-
ticity between ethanol price and the quantity demand-
ed of gasoline. Similar reasoning applies to the calcula-
tions of the long-run elasticities of the ethanol demand 
model.

3.2. Data

This paper analyses price elasticities and cross-price 
elasticities in the gasoline and ethanol markets, using data 
from São Paulo State because it is statistically representative 
of Brazil. The series used were: gasoline average price (Gas-
oline price); amount of gasoline commercialized (Gasoline 
sale); hydrated ethanol average price (Ethanol price); and 
amount of hydrated ethanol commercialized (Ethanol sale). 
All these variables were obtained for retail in São Paulo 
State in the Price Survey System of the National Agency of 
Petroleum, Natural Gas and Biofuels (ANP, 2018). Brazil-
ian Gross Domestic Product (GDP-BR) was used as proxy 
for income, whose source was the Institute of Applied Eco-
nomic Research database (IPEADATA, 2017).

All variables were used in logarithm form, so their 
estimated coefficients represent their respective elastici-
ties. To identify variables in logarithmic form, the let-
ter L was added at the beginning of their acronym. The 
period analyzed is from January 2003 to May 2017.

In order to verify the impacts due to government 
measures, data about fuel tax were used (Tab. 1). Select-
ed data refers to the months when there was some oscil-
lation on taxes.

3.3.  Structural Model

Traditional econometric methods, such as regression 
or time series models, for example, Transfer Function 
Models, Engle-Granger Cointegration and Vector Error 
Correction Model (VECM), among others, allow one to 
estimate the mean elasticity in both the short-and long-
run period. However, such methods do not consider the 
unobservable components, which will be presented in 
detail in this subsection.

Tab. 1. Tax rates on gasoline and ethanol: Jan./2003 to May/2017 (R$ nominal).

Period CIDE Gasoline CIDE Ethanol PIS Gasoline COFINS Gasoline PIS Gasoline COFINS Ethanol

Jan./2003 – Dec./2003 0.38 0.007 0.058 0.2344 0.0508 0.2344
Jan./2004 – Dec./2004 0.41 0.007 0.058 0.2344 0.0508 0.2344
Jan./2005 – Dec./2008 0.21 0.000 0.058 0.2344 0.0508 0.2344
Jan./2009 – Dec./2009 0.14 0.000 0.058 0.2344 0.0508 0.2344
Jan./2010 – Jan./2011 0.17 0.000 0.058 0.2344 0.0508 0.2344
Feb./2011 – Apr./2011 0.11 0.000 0.058 0.2344 0.0508 0.2344
May/2011 – Dec./2011 0.17 0.000 0.058 0.2344 0.0508 0.2344
Jan./2012 – Oct./2012 0.14 0.000 0.058 0.2344 0.0508 0.2344
Nov./2012 – Jun./2013 0.07 0.000 0.058 0.2344 0.0508 0.2344
Jul./2013 – Apr./2015 0.00 0.000 0.058 0.2344 0.0508 0.2344
May/2015 – May/2017 0.10 0.000 0.058 0.2344 0.0508 0.2344

Source: Federal Senate (2018).
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This paper uses Structural Model to estimate the 
price elasticity, income elasticity and the cross-price 
elasticity in the gasoline and ethanol markets. However, 
the main advantage of Structural Model is to determine 
not only the average elasticity, but also the respective 
point-to-point elasticities over time. In this paper, the 
focus is on variable elasticities calculations rather than 
average elasticities, specifically on the gasoline price 
elasticity, ethanol-gasoline cross-price elasticity, ethanol 
price elasticity, and the gasoline-ethanol cross-price elas-
ticity.

Structural Model allows time series decomposition 
into its four unobservable components: Trend, Season-
ality, Cycle and Irregular component. Tendency compo-
nent is decomposed into two parts, series level and its 
respective slope, allowing to determine whether series 
level is constant or not, and whether its slope is con-
stant or not over time. It also allows us to determine if 
there is Seasonality, and once it is confirmed, whether 
it is stochastic or deterministic; the same occurs with 
the Cycle component. In relation to the Irregular com-
ponent, Structural Model allows its modelling through 
the Autoregressive-moving-average Model (ARMA), for 
both regular and seasonal parameters.

Mathematically, Irregular component is represented 
as:

ϕ(B)Φ(Bs) εt=θ(B)Θ(Bs) at� (5)

where B corresponds to the lag operator, which is 
defined as Bεt=εt-1. Thus, the greater exponent, the great-
er its time lag.ARMA model is represented by a set of 
polynomials. The term ϕ(B) is the regular autoregressive 
polynomial; Φ(Bs) is the seasonal autoregression poly-
nomial; θ(B) is the regular moving average polynomial;  
Θ(Bs) is the seasonal moving average component; and s 
is the extent of seasonality.

Mathematically, complete Structural Model can be 
written as:

� (6)

Trend (μt) can be subdivided into two components, 
level and slope, whose formulae are:

μt+1=μt+νt+ξt (level)� (7)
vt+1=vt+ζt (slope)� (8)

Variation in level and slope is managed by the vari-
ances of the terms ξt and ζt in the respective equations.
If the variance ξt=0, the slope will be constant and equal 

to v0. On the other hand, if the variance ζt=0, it implies 
that μt will be a deterministic trend given by μ0+ν0t.

Seasonal component can be represented by two 
ways: dummy variables or trigonometric terms. In the 
case of seasonality representation by dummy variables, 
with the extension of seasonality represented by s, we 
have the following stochastic equation:

� (9)

Seasonality (γt), in the case of monthly data, implies 
that s=12. In this paper seasonality with trigonometric 
basis was used:

� (10)

where j = 1, 2, …, [s / 2] and each γj,t is generated by the 
following formulae:

γj,t+1=γj,t cosλj+γj,t*senλj+ωj,t� (11)

γ*j,t+1=-γj,t cosλj+γj,t*senλj+ωj,t*� (12)

where λj=  is the frequency in radians, and the terms 
ωt and ωt* are mutually independent.

ψt represents the cyclic component. Stochastic equa-
tion that manages the Cycle component of period p and 
the damping factor ρ is:

� (13)

where υt and υ*t represent independent Gaussian errors 
with zero mean and variance σ2

υ; and λ=  is the cycle 
angular frequency. Any period (p) greater than 2 is per-
missible, while damping factor (ρ) may assume any value 
in the interval (0, 1], i.e. including one, but excluding 
zero. Values of ρ smaller than one produce stationary 
cycle, while ρ = 1 produces non-stationary cycle.

ϕt is the autoregressive term; βt wt allows to use 
dummy variables to treat structural breaks due to the 
presence of outliers; and φi Yt-1 represents the lagged 
dependent variable.

After the Structural Model estimation, it is neces-
sary to analyze residues in order to verify the effective-
ness of the filtering process.

Among the statistics used to verify if the estimat-
ed model is suitable or not, we have the Mean Squared 
Error (or Error Variance), whose formula is:

� (14)
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where SSR corresponds to the sum of squared resid-
uals and is given by the following formula: SSR=

; being yt the value observed in period t;  
 the predicted value within the sample at time t; T is 

the number of sample observations; and k is the number 
of estimated parameters. The closer to zero the MSE, the 
more predicted values approach the observed values, and 
the better the model fit. A second indicator used was the 
Root Mean Square Error (RMSE), whose formula is:

� (15)

As in previous statistics, the closer to zero the 
RMSE, the better the model fit. Another important sta-
tistic is the Mean Absolute Percentage Error (MAPE), 
which determines the accuracy of the model. The closer 
to zero the MAPE, the better the model fit. Its formula is 
as follows:

� (16)

Other indicators used to evaluate the model estimat-
ed in this paper were: Coefficient of Determination (R2), 
adjusted R2, Random Walk R2 and Amemiya’s adjusted 
R2.In general, R2 is the most commonly used measure of 
adjustment and consists of a squared correlation coeffi-
cient ranging between 0 and 1. The closer to the unit, the 
better the model fit.

Mathematically, R2 is represented as:

� (17)

where TSS is the total sum of squares.
According to Brooks (2002), it should be noted that 

R2has some problems. Given that R2 is defined in terms 
of variation around the mean of y. If the model is repar-
ametrized and the dependent variable is modified, the 
value of R2 will also change. Therefore, R2 values should 
not be compared between models with different depend-
ent variables. R2 value also never decreases if more 
regressors are added to the model. Thus, it is impossible 
to use R2 as a determinant whether one variable should 
be present in the model or not.

To solve problems related toR2, we often consider 
the loss of degrees of freedom associated with including 
more variables in the model. It is known as adjusted R2:

� (18)

If an extra regressor is added to the model, k 
increases and, unless R2 more than compensates for this 
increase, the value of the adjusted R2 will decrease. Con-
sequently, the adjusted R2 can be used to make decision 
whether a given variable should or should not be includ-
ed in the model.

A variant of adjustedR2 is Amemiya’s adjusted R2. 
According to Yaffee and McGee (2000, p. 219), «adjusted 
R2 and Amemiya’s adjusted R2 use different adjustments to 
compensate for the number of parameters which are being 
estimated». The formula for Amemiya’s adjusted R2 is:

� (19)

For both the adjusted R2 and the Amemiya’s adjust-
ed R2, the best model fit occurs when their respective 
values approach the unit.

Finally, the last indicator used was the Random 
Walk R2, which compares R2 of the estimated model 
with R2 of a random variable. Its formula is as follows:

� (20)

where: SSRRV=  and 
, in which SSRRV is the sum of squared 

residuals of the random variable; and μ is a constant or 
mean value of the series.

It is important to highlight that in the Structural 
Model, the first step consists in verifying that each of the 
unobservable components of the time series, Trend (level 
and slope), Seasonality, Cycle and Irregular component, 
presents stochastic or deterministic behavior.

In this paper, instead of removing all the non-statis-
tically significant parameters at once, we opted for the 
individual removal of each parameter. After this remov-
al, the model was estimated again, and so on, until the 
model with all the statistically significant parameters.

4. RESULTS AND DISCUSSION

In this section, we present empirical data and the 
results obtained with the application of the Structural 
Model. Demand models and elasticities of ethanol and 
gasoline are considered according to the consumer’s 
options on fueling their flex-fuel car.

4.1. Gasoline demand model

Results for this model are presented in Table 2 and 
should be interpreted from the point of view of both 
means and variances.
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In general, all the estimated parameters are statisti-
cally relevant at the significance level of 10%. In relation 
to the means, it can be observed that 1% variation in 
income, represented by Brazil’s GDP, induces an average 
change of 0.9138% in the quantity sold of gasoline in São 
Paulo State, forming an inelastic relation. In addition, to 
estimate the model, it was necessary to insert five inter-
vention variables, being three of the Additive Outlier 
(AO) and two of the Level Shift (LS) type, according to 
Table 2. On the variance point of view, both gasoline 
price and ethanol price are statistically significant, con-
sidering the significance level of 10%. This implies that 
both variables have stochastic behavior over time.

Different indicators produced, which show the 
results robustness, are adequate, since MSE, RMSE and 
MAPE are close to zero (Tab. 3). This fact indicates that 
differences between the observed and estimated values 
are very close and, therefore, the model is well-adjusted.

Indicators based on the R2 criterion are also ade-
quate, since the adjusted R2 and the Amemiya’s adjusted 

R2 are close to 60%. It indicates that 60% of the depend-
ent variable’s behavior are explained by independent 
variables and the time series components (Tab. 2).

Figure 1 presents the residuals correlograms of the 
gasoline demand model. As can be seen, residues are 
free of autocorrelation, that is, they correspond to white 
noise.

At the beginning of the series, January 2003, CIDE’s 
rate was equal to R$ 0.38/liter on gasoline, while CIDE’s 
rate on ethanol was R$ 0.07/liter. Both rates remained 
constant until December 2003. In this period, it is 
observed that the gasoline price elasticity and the etha-
nol-gasoline cross-price elasticity tend to become more 
elastic (Fig. 2). However, its sign is negative, but it should 
be positive, according to the economic theory.

From January to December 2004, CIDE’s rate on the 
gasoline price increased to R$ 0.41/liter, while this rate 
on ethanol remained at R$ 0.07/liter. In this period, the 
gasoline price elasticity had two distinct phases. Until 
the middle of 2004, the gasoline price elasticity con-
tinued to increase, in module, and reversed its trajec-

Tab. 2. Structural model’s estimates results for the gasoline market, São Paulo State: Jan./2003 to May/2017.

Component Parameter Estimate Standard Error of the 
Estimate t-value p-value

LGDPBR Coefficient 0.91384 0.16363 5.58 < 0.0001
LS991 Coefficient 0.23318 0.04786 4.87 < 0.0001
AO012 Coefficient 0.14541 0.03718 3.91 < 0.0001
AO1003 Coefficient 0.13405 0.03885 3.45 0.0006
LS054 Coefficient 0.11693 0.03731 3.13 0.0017
AO035 Coefficient -0.06994 0.02549 -2.74 0.0061
Lgasolineprice Error Variance 0.00131 0.0002921 4.49 < 0.0001
Lethanolprice Error Variance 0.00151 0.0008440 1.79 0.0739

Source: Research results.
1Dummy, Level Shift in March 2011; 2Dummy, Additive Outlier in January 2003, 3Dummy, Additive Outlier in April 2011, 4Dummy, Level 
Shift in April 2003 and 5Dummy, Additive Outlier in March 2003.

Tab. 3. Statistical indicators for the estimated structural model for 
the gasoline market, São Paulo State: Jan./2003 to May/2017.

Statistical Indicators Statistical Adjustment Based on 
Residuals

Mean Squared Error 0.00281
Root Mean Square Error 0.05298
Mean Absolute Percentage Error 0.20257
R² 0.60529
Adjusted R² 0.59973
Random Walk R² 0.63322
Amemiya’s Adjusted R² 0.58306

Source: Research results.

Fig. 1. Autocorrelation and partial autocorrelation of residuals of 
the structural model of gasoline demand, São Paulo State: Jan./2003 
to May/2017.

Source: Research Results.
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tory, becoming less elastic, whereas the ethanol-gasoline 
cross-price elasticity continued with a negative sign.

From January 2005 to December 2008, there was 
a reduction in CIDE’s rate on gasoline to R$ 0.21/liter, 
while CIDE’s rate on ethanol was zero. In this period 
there are two interesting moments. According to Figure 
2, from January to July 2005, the gasoline price elasticity 
fluctuated, but it did not change its level. From August 
2005 to December 2008, the gasoline price elastic-
ity became more elastic, that is, the reduction in CIDE’s 
rate on the gasoline price has made the gasoline demand 
more sensitive because it increased the competitiveness 
of gasoline in relation to ethanol.

As for the ethanol-gasoline cross-price elasticity, 
in the same period, it is verified that up to November 
2005 this elasticity continued with the negative sign, but 
from December 2005 there was an upward trend. These 
behaviors confirm that, despite CIDE’s rate on ethanol is 
zero, the reduction in this rate on gasoline had a greater 
impact on both gasoline and ethanol demand than on 
the reduction in CIDE’s rate on ethanol.

Results seem to be related to another relevant factor, 
such as the uncertainties in the fuel market, the expan-
sion of flex-fuel vehicles from 2004, and the great expan-
sion of the ethanol supply from the 2004/2005 crop year.

The great entry of flex-fuel vehicles into the Brazil-
ian market is a possible explanation for the behavior of 
the ethanol-gasoline cross-price elasticity, which has 
contributed to make demand more elastic, as it has pro-
vided the consumer with a substitute product. With the 

flex-fuel vehicles, the consumer decision between gaso-
line and ethanol is made in each fueling and not more at 
the time of vehicle purchase.

It can be inferred that the evolution of flex-fuel vehi-
cles sales and the reduction in the market for gasoline-
driven cars, coupled with the reduction in CIDE’s rate 
on gasoline price, influenced trend in the gasoline price 
elasticity and in the ethanol-gasoline cross-price elas-
ticity. This up ward trend in both elasticities continued 
between January and December 2009, evidenced by the 
two elasticities which had divergent trajectories, both 
becoming less inelastic (Fig. 1).

It is important to remember that, in that period, 
CIDE’s rate on gasoline decreased from R$ 0.21/liter to 
R$ 0.14/liter, while this rate on ethanol remained at zero. 
Thus, it can be inferred that the reduction in CIDE’s rate 
on gasoline and the consolidation of flex-fuel vehicles in 
the Brazilian market significantly altered the elasticities 
of the fuel market.

From January 2010 to January 2011, CIDE’s rate on 
gasoline was raised to R$ 0.17/liter, whereas it remained 
at zero on ethanol. In this period, while the gasoline 
price elasticity continued to increase in modulus, the 
ethanol-gasoline cross-price elasticity reached its high-
est value throughout the analyzed period (January 2003 
to May 2017), approaching 0.5, then presented a small 
retraction and returned to increase at the end of the 
period, as shown in Figure 2. On the other hand, in the 
same period, whilst the fleet of gasoline-driven vehicles 
continued to decline, the fleet of flex-fuel vehicles con-

Fig. 2. Gasoline price elasticity and ethanol-gasoline cross-price elasticity evolution, São Paulo State: Jan./2003 to May/2017.
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tinued to grow, but at decreasing rates, possibly due to 
the economic crisis occurred in 2008.

From February to April 2011, CIDE’s rate on gaso-
line was reduced to R$ 0.11/liter, and CIDE’s rate etha-
nol remained at zero. Apparently, this gave rise to the 
trajectories of the two elasticities in March. The trajec-
tory of the gasoline price elasticity, initially descending, 
rose and, in the end, returned to its downward trajec-
tory. Regarding to the ethanol-gasoline cross-price elas-
ticity, there was a movement in the opposite direction. 
Despite the period, it was possible to observe that chang-
es in fuel prices affected consumers behavior, even in the 
short-term.

From May 2011, CIDE’s rate on gasoline was read-
justed to R$ 0.17/liter, keeping CIDE’s rate on ethanol at 
zero until December 2011. In this period, for both elas-
ticities, two similar movements are identified, but in the 
opposite direction. The gasoline price elasticity reached 
its lowest value during all the analyzed period, resulting 
in unit elasticity in June 2011, then reversed the trajec-
tory. Cross-price elasticity trajectory presented opposite 
movement. It is necessary to emphasize two aspects: 
first, both elasticities, which previously tended to diverge 
in their respective trajectories, began to converge and 
showed co-movement behaviors. Second, the increase in 
the CIDE’s rate on gasoline price initially impacts both 
elasticities by changing the respective trajectories. On 
the vehicle market side, it is observed that the flex-fuel 
vehicles fleet continued to increase, however, at lower 
rates, especially because of the reduction in the ethanol 
supply (Santos, 2016). These facts can explain the chang-
es in the respective elasticities.

Despite the reduction in CIDE’s rate on gaso-
line to R$ 0.07/liter from November 2012 to June 2013, 
and remaining CIDE’s rate on ethanol at zero in the 
same period, there is another rally in the trajectories 
of both elasticities. In this period both elasticities tend 
to become more inelastic (Fig. 2), starting a new period 
of stabilization highlighting the gasoline competitive 
advantage, although in 2013 the flex-fuel vehicles had 
reached the apex of sales. This set of indicators shows 
that the flex-fuel vehicle success is not related to the eth-
anol competitiveness itself.

Until April 2015 CIDE’s rate on gasoline was zero, 
as well as that one on ethanol. In this period, both elas-
ticities had more inelastic trajectories, as seen in Figure2. 
Even with both rates equal zero, elasticities tended to 
become more inelastic, i.e. apparently the price effect was 
exceeded by the income effect. This period is character-
ized by uncertainties in policies, falling income, rising 
unemployment, and the reduction in vehicle sales in gen-
eral. In other words, both elasticities became less sensi-

tive, that is, changes in gasoline prices induced less varia-
tion in the quantity demanded of gasoline, and the same 
effect in relation to the increase in ethanol. This means 
that even with CIDE’s rate being zero, the price effect was 
not offset by the income effect, that is, the magnitude of 
the fall in consumer income more than offset the effect 
related to the reduction in the gasoline price.

In May 2015 CIDE’s rate on gasoline was adjusted 
to R$ 0.10/liter. The impact of this increase is evident in 
the behavior of the elasticities in Figure 2, since, from 
June 2015, the gasoline elasticity price presented ascend-
ing trajectory, becoming more inelastic. The ethanol-
gasoline cross-price elasticity had reversed its downward 
trend, assuming an upward trend, that is, it became 
less inelastic. Possibly, the economic uncertainty in this 
period may have induced consumers to be more sensi-
tive to changes in the ethanol price than in the gasoline 
price, even with the increase in CIDE’s rate on gasoline. 
However, it is important to highlight that ethanol supply 
growth was lower than the growth in consumption of 
the Otto cycle fuels. Therefore, ethanol naturally reduced 
its market share since exports also declined.

4.2 Ethanol demand model

Based on the estimated coefficients for the ethanol 
market, it is verified that, on the means side, all coeffi-
cients are statistically significant for the significance lev-
el of 1% (Tab. 4).

In economic terms, there is a variation of 1% in 
income, which induces to a variation of 1.72% in the 
amount of ethanol demanded, forming an elastic rela-
tionship between these two variables. Compared to the 
gasoline market, the income effect in the ethanol mar-
ket is much more elastic (0.98 for gasoline versus 1.72 
for ethanol). It was also necessary to insert eight dummy 
variables to estimate the model, being three Additive 
Outlier (AO) and five Level Shift (LS) variables.

According to Table 5, the indicators show that 
results are robust, since MSE, RMSE and MAPE are 
close to zero, indicating that the differences between the 
observed and estimated values are very close, that is, 
they emphasize that the model is well-adjusted.

Indicators based on the R2 criterion are also ade-
quate, since the adjusted R2 and the Amemiya’s adjusted 
R2 are close to 80%. It indicates that 80% of the depend-
ent variable’s behavior are explained by independent 
variables and the time series components (Tab. 5).

Figure 3 presents the residuals correlograms of the 
gasoline demand model. As can be seen, residues are 
free of autocorrelation, that is, they correspond to white 
noise.
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Between January and December 2003, CIDE’s rates 
on gasoline and ethanol were R$ 0.38/liter and R$ 0.07/
liter, respectively. In this period, while the ethanol price 
elasticity became more inelastic with an upward trajec-
tory, the gasoline-ethanol cross-price elasticity became 
more elastic presenting an upward trajectory (Fig. 4).The 
increase in the flex-fuel market possibly justifies the 
respective elasticities behavior.

From January to December 2004, CIDE’s rate on 
gasoline price increased from R$ 0.38/liter to R$ 0.41/
liter, while this rate on ethanol remained at R$ 0.07/lit-
er. In this period, the ethanol price elasticity increased 
in magnitude at the end of the period, becoming less 
inelastic. Contrary movement occurred in relation to 
the gasoline-ethanol cross-price elasticity, as it tended to 
become more inelastic at the end of the period (Fig. 4).

The fact that the ethanol price elasticity tends to 
become more elastic may be related to the rapid expan-
sion of flex-fuel vehicles sales in the analyzed period. 
Therefore, the increase in CIDE’s rate on gasoline and 
keeping on CIDE’s rate on ethanol, coupled with the 
presence of a substitute product for the gasoline-driv-
en vehicle, conditioned both elasticities to diverge at 
the end of the period, since the ethanol price elasticity 
became more inelastic, while the opposite occurred with 
the gasoline-ethanol cross-price elasticity.

Between January 2005 and December 2008, CIDE’s 
rate on gasoline reduced to R$ 0.21/liter, and it remained 
at zero on ethanol. From January 2005 to June 2007, 
both elasticities followed the same direction, that is, 
while the ethanol price elasticity became more elastic, 
the gasoline-ethanol cross-price elasticity became more 

Tab. 4. Structural model’s estimates results for the ethanol market, São Paulo State: Jan./2003 to May/2017.

Component Parameter Estimate Standard Error of the 
Estimate t-value p-value

Irregular Error Variance 0.00059115 0.0002163 2.73 0.0063
LGDPBR Coefficient 1.72552 0.24632 7.01 <0.0001
AO011 Coefficient 0.32829 0.05374 6.11 <0.0001
LS372 Coefficient 0.36825 0.05758 6.40 <0.0001
LS123 Coefficient 0.34281 0.04140 8.28 <0.0001
AO094 Coefficient -0.14010 0.03757 -3.73 0.0002
LS205 Coefficient -0.20986 0.04903 -4.28 <0.0001
LS996 Coefficient -0.33941 0.06872 -4.94 <0.0001
LS497 Coefficient 0.19258 0.05442 3.54 0.0004
AO1008 Coefficient -0.33938 0.05987 -5.67 <0.0001
Lgasolineprice Error Variance 0.00427 0.0016307 2.62 0.0089
Lethanolprice Error Variance 0.00116 0.0005553 2.10 0.0361

Source: Research results.
1Dummy, Additive Outlier in January 2003; 2Dummy, Level Shift in January 2006, 3Dummy, Level Shift in December 2003, 4Dummy, Addi-
tive Outlier in September 2003, 5Dummy, Level Shift in August 2004, 6Dummy, Level Shift in March 2011, 7Dummy, Level Shift in January 
2007, and 8Dummy, Additive Outlier in April 2011.

Tab. 5. Statistical indicators for the estimated structural model for 
the ethanol market, São Paulo State: Jan./2003 to May/2017.

Statistical Indicators Statistical Adjustment Based on 
Residuals

Mean Squared Error 0.00541
Root Mean Square Error 0.07354
Mean Absolute Percentage Error 0.27457
R² 0.83691
Adjusted R² 0.83225
Random Walk R² 0.57592
Amemiya’s Adjusted R² 0.82294

Source: Research results.

Fig. 3. Autocorrelation and partial autocorrelation of residuals of 
the structural model of ethanol demand, São Paulo State: Jan./2003 
to May/2017.

Source: Research results.
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inelastic. After July 2007 until December 2008, the etha-
nol price elasticity continued its trajectory and became 
even more elastic. Nonetheless, the gasoline-ethanol 
cross-price elasticity trajectory reversed its position and 
became more elastic, with the trajectories of both elas-
ticities becoming divergent.

It should be noted that in this period occurred sev-
eral facts that may have contributed to both elasticities 
trajectories, among which the following stand out: i) 
flex-fuel vehicle sales grew at increasing rates; ii) sales 
of gasoline-driven vehicles declined significantly; iii) the 
government, aimed at containing inflation, insured that 
fossil fuels prices did not be transferred totally to the 
domestic consumer in the period prior to the interna-
tional financial crisis in 2008 (Santos, 2016).

From January to December 2009 there was a fur-
ther reduction in CIDE’s rate on gasoline to R$ 0.14/
liter, remaining CIDE’s rate on ethanol at zero. In this 
period, the ethanol elasticity-price continued to fall, 
that is, this elasticity become increasing in magnitude, 
even becoming equals to one in December 2009, while 
the gasoline-ethanol cross-price elasticity also became 
more elastic, reaching its value equals to 0.7 (Fig. 4). 
Possibly, this fact is showing the increase in the sub-
stitution effect between both fuels, and the productive 
chain complexity, which responds immediately to the 
measures that result in competitive factors imbalance. 
On the other hand, it needs one or two crops, or even a 
complete cycle sugarcane cultivation to respond to the 
measures of balance in supply (six or seven years) (San-
tos, 2016).

In January 2010, CIDE’s rate on gasoline rose to R$ 
0.17/liter, and again the CIDE’s rate on ethanol remained 
at zero. These rates were into force until January 2011. 
While the ethanol price elasticity continued becoming 
more elastic, exceeding the value of -1.2, the gasoline-

ethanol cross-price elasticity trended to become more 
inelastic, that is, less sensitive to price changes.

As already mentioned, between February and April 
2011, CIDE’s rate on gasoline was reduced to R$ 0.11/
liter, while it remained at zero on ethanol. It is observed 
that the reduction in CIDE’s rate on gasoline changed 
the trajectories of both elasticities because the ethanol 
supply was limited, since it is the final period of the off-
season, in which historically the ethanol price becomes 
higher than the gasoline price. While the ethanol price 
elasticity became more inelastic, the gasoline-ethanol 
cross-price elasticity became more elastic (Fig. 4). There-
fore, the reduction in CIDE’ rate on gasoline made this 
fuel even more competitive in relation to ethanol.

From May 2011, CIDE’s rate on gasoline was R$ 
0.17/liter and it remained at zero on ethanol until 
December 2011. The ethanol price elasticity became 
more elastic, exceeding the value of -1.2, while the gas-
oline-ethanol cross-price elasticity became much more 
inelastic (Fig. 4). Based on these behaviors, it is observed 
that ethanol has become more competitive in relation to 
gasoline, and the Brazilian economy crisis was reflected 
on the light vehicle market, which presented decreasing 
rates. Therefore, it can be inferred that the reduction in 
consumer income was relevant to change the respective 
price effects in the ethanol market.

Between January and October 2012, CIDE’s rate on 
gasoline was reduced to R$ 0.14/liter and it remained at 
zero on ethanol. The trajectories of both elasticities con-
tinued in downward direction. The ethanol price elastic-
ity reached the value of -1.3 and, the gasoline-ethanol 
cross-price elasticity fell much more sharply, tending to 
0.3 (Fig. 4).

In November 2012, CIDE’s rate on gasoline was 
reduced to R$ 0.07/liter and it remained at zero on etha-
nol, remaining until June 2013. Initially, the trajectory 

Fig. 4. Ethanol price elasticity and gasoline-ethanol cross-price elasticity evolution, São Paulo State: Jan./2003 to May/2017.
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of the ethanol price elasticity continued to fall reaching 
elasticity with a value close to -1.3, the highest elastic-
ity in modulus throughout the analyzed period. Later, it 
reversed the trajectory and became less elastic. The gas-
oline-ethanol cross-price elasticity continued its down-
ward trajectory, increasing its inelasticity (Fig. 4).

In July 2013, CIDE’s rate on both gasoline and etha-
nol was zero. It was in force until April 2015, when the 
curves of both elasticities converged. From January 2014 
to April 2015, both curves presented divergent behav-
ior, distancing from each other. The intensity by which 
the ethanol price elasticity has become more inelastic 
is higher than the move towards the greater inelastic-
ity of the gasoline-ethanol cross-price elasticity curve, 
since the former showed a steeper slope than the second 
(Fig. 4). The possible explanation for this behavior may 
be due to the political-economic crisis in the analyzed 
period, since the fall in industrial production, coupled 
with increase in unemployment, negatively impacted 
consumers’ income, resulting in a sharp drop in vehi-
cle sales. Negative impact of the income effect may have 
outweighed the price effect, that is, even gasoline hav-
ing become cheaper, which is a positive price effect, 
the quantity sold for both gasoline and ethanol became 
more inelastic.

In May 2015, CIDE’s rate on gasoline increased 
again and remained at R$ 0.10/liter, keeping CIDE’s rate 
on ethanol at zero until May 2017, the last month ana-
lyzed in this research. At the beginning of this last peri-
od the ethanol price elasticity presented an ascending 
trajectory, becoming more inelastic. From January 2016, 
this trajectory was reversed and reached the value of 
-1.068 in January 2017, a situation in which the ethanol 
price elasticity was again elastic. Meanwhile, the trajec-
tory of the gasoline-ethanol cross-price elasticity contin-
ued in its downward trajectory, becoming increasingly 
inelastic.

5. CONCLUSION

The aim of this paper was to identify the path of the 
gasoline price elasticity, ethanol price elasticity, ethanol-
gasoline cross-price elasticity and the gasoline-ethanol 
cross-price elasticity for the flex-fuel vehicle market, as 
well as to discuss the taxation policies impact of CIDE 
on the ethanol and gasoline markets from 2003 to 2017. 
It was during this period that hydrated ethanol and 
gasoline became substitute products, since flex-fuel cars 
allowed the fuel supply decision to be made at each 
fueling. Consumers were used to comparing fuel prices 
to decide which one is better at each fueling. Thus, the 

analysis of price elasticities of each fuel and of cross-
price elasticities were important both for the evaluation 
of taxation measures and for the analysis of policies to 
support light fuels production and pricing (Otto Cycle) 
in Brazil.

Regarding this last aspect, this research showed the 
intensity in which CIDE displaced equilibrium prices 
and favored the ethanol market. Data also showed how 
consumers reacted to price changes in the analyzed 
period, and how flex-fuel vehicles were important for the 
consumer who had different reactions from the period 
when cars used only one type of fuel. Thus, CIDE played 
an important role in price discrimination between 
hydrated ethanol and gasoline, inducing gasoline substi-
tution for ethanol at a time when CIDE’s rate increased 
on gasoline and remained at zero on ethanol.

Another conclusion is that CIDE could have played 
an important role in the induction of ethanol sales if its 
rates had remained stable in the period. As this did not 
occur, the period was marked by different phases and 
behaviors of the cross-price elasticities that alternated 
periods of price elasticity with those of price inelasticity.

In this regard, the policy was positive in favor of 
the biofuel supply that benefits health in urban centers; 
despite the oscillation of the gasoline rate. It had nega-
tive effects on the production chain, for example: i) gen-
erating uncertainties for investments in a long produc-
tion chain (six years); ii) reducing operating margins of 
producers when CIDE is low and raising margins when 
it is high, being both not dynamic effect measures in the 
economy.

It is important to highlight the need to define pri-
orities and plan more consistently other measures to 
improve the fuel market in Brazil, including taxation. 
Such planning is important to create a medium- and 
long-term scenario that allows stakeholders to study 
their investments, boosting the ethanol supply and oth-
er products linked to the production chain. Thus, large 
variations in installed capacity and product supply in the 
market can be avoided, as well as creating an environ-
ment more conducive to investments in productivity.

From the environmental point of view and peo-
ple’s health, a tax such as CIDE should boost differenti-
ated consumption of ethanol, whose effects are notice-
able in large cities due to ethanol’s capacity to reduce 
greenhouse gas emissions (GHG) and pollutants. In 
this regard, data presented in this paper allow future 
research using, for example, GHG emission reduction 
calculation in function of the amount of CIDE or its dif-
ferent rates.

It should be noted that this paper has not exhaust-
ed the theme of the use of public policies for boosting 
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renew able fuels consumption. There is a lot of research 
on this subject, including understanding consumer deci-
sions, besides price, to understanding the real efficiency 
of flex-fuel vehicles when using ethanol and gasoline in 
different combinations of anhydrous and hydrated etha-
nol.
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Abstract. This paper aims to investigate the presence of price transfer asymmetry 
(APT) in the rice production chain in Rio Grande do Sul incorporating in the analysis 
the effects of public policy interventions, specifically the agricultural minimum pric-
es. The results indicate the occurrence of positive APT among all relations analyzed 
(contemporaneous, lagged or cumulative) in the rice production chain. In general, 
the industry-producer relationship presented the best adjustment and the existence of 
positive asymmetry indicates that this market link takes advantage of the direct rela-
tionship with the producer to pass through price increases more quickly reductions 
to its consumers. Finally, it was identified that in periods of market prices below the 
minimum price, the asymmetry was not rejected, indicating its permanence in times of 
greater government intervention.

Keywords: price transmission, minimum prices, rice market.
JEL codes: L11, L66, L81.

1. INTRODUCTION

Researchers of the agricultural sector have struggled to understand the 
phenomenon of asymmetric price transmission (APT) in the vertical struc-
ture of production chains. The traditional economic theory does not predict 
or explain APT occurrence (Meyer, Von Cramon Taubadel, 2004). When 
relating price transmission symmetry to perfect competition, the theory does 
not explain whether asymmetry is due to imperfect competition, market 
failures, or both (Lloyd, 2017). Moreover, the prevalence of an asymmetric 
response in price transmission can be interpreted as a gap in the economic 
theory (Peltzman, 2000). Thus, the diagnosis of the factors that induce APT 
and political implications of this phenomenon remain unclear. In addition, 
the deepening of issues related to the APT occurrence may provide a better 
understanding of the connection between the vertical links of a supply chain 
or market.

This study investigates occurrence of APT between the links of the rice 
supply chain in Rio Grande do Sul, Brazil, using monthly data from Janu-
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ary 2003 to December 2018. In the literature on the 
rice market, the results of Aguiar and Figueiredo (2011) 
study indicate the occurrence of APT, given that increas-
es in wholesale prices were transmitted more quickly 
than price decreases by the retail sector. That said, if 
there is APT in this market, two specific objectives are 
follow: i) to evaluate whether asymmetry in price trans-
mission occurs contemporaneously or if there are lags in 
the process, ii) to evaluate whether the policy of mini-
mum prices and its relationship with price practiced in 
the Rio Grande do Sul market had an impact on price 
transmission in the rice supply chain.

The original contribution of this study is the adap-
tation of the baseline method of diagnosing the occur-
rence of APT in a supply chain to incorporate the effects 
of government intervention into the analysis, such as the 
minimum price policy. The pioneering work of Kinnu-
can and Forker (1987) indicated government interven-
tions as a source of asymmetry in support of producer 
prices. However, the methodological framework used 
by the authors did not incorporate this variable into the 
analysis.

Depending on how political intervention is carried 
out, it can either reduce the problem or cause distor-
tions within the market. In the analysis of APT, politi-
cal intervention means the policy of minimum prices, 
implemented at a federal level, but with important 
regional implications for the rice market. In this context, 
the geographic scope of the analysis was chosen due to 
the productive, agricultural and industrial concentration 
of the rice sector in Rio Grande do Sul. Both extreme 
climatic events such as prolonged floods or droughts, as 
well as decoupling between the prices practiced in this 
region and the minimum prices causing important eco-
nomic impacts on this productive sector.

In short, in the presence of APT, price decreases for 
producers are not passed on to consumers in the same 
way as price increases are. For Meyer and Von Cramon 
Taubadel (2004), the occurrence of APT that results 
from market power, there is not only a transfer of wel-
fare between agents, but also a welfare net loss, favoring 
political intervention. Although the relationship between 
market power and APT is widely analyzed by literature, 
the study of political interventions that cause shifts in 
characteristics of price changes (size and timing) is still 
considered a lag of knowledge.

This article comprises this introduction and a litera-
ture review on APT. The data analyses on the national 
and regional markets for rice justify the choice of the 
relevant market for the study. In the following section, 
the research methodological aspects are presented, fol-
lowed by a description of the data used. Afterwards, the 

analysis and discussion of the results are carried out to 
present the main considerations, implications and limi-
tations of the study.

2. THE MODEL OF ASYMMETRIC PRICE 
TRANSMISSION (APT)

The asymmetric price transmission (APT) model 
in food and agricultural markets has been developed 
based on the premise that in the absence of market 
imperfections, there is a symmetrical price adjustment 
at market level and changes in cost inputs, at the ante-
cedent market level (Kinnucan, Forker, 1987). Thus, 
asymmetry occurs if certain groups or links in a sup-
ply chain have advantages (increased profits or mark-
up) by transmitting price increases with more intensity 
(and/or magnitude) than decreases (Meyer, Von Cra-
mon Taubadel, 2004) or when price decreases are more 
readily passed on to subsequent supply chain segments 
(Ward, 1982).

The construction of the concept of asymmet-
ric transmission of prices, which is currently diversi-
fied in terms of scope of analyses and methodologies 
used, dates back to the 1970s with the theoretical con-
tributions of Gardner (1975) and methodological input 
of Tweeten and Quance (1969). The Gardner (1975) 
approach focused on equilibrium or interdependent 
relations (regarding demand derived) and formation of 
mark-up between the vertical links of a perfectly com-
petitive productive chain. When analyzing price elas-
ticity of demand and price volatility between farm and 
retail price levels, the author showed that exogenous 
shocks could propagate asymmetrically between the 
links of a production chain.

Methodologically, in order to analyze demand 
elasticity, Tweeten and Quance (1969) created a parti-
tion technique of each price series into its increasing 
and decreasing components. With the methodological 
improvements of Wolfram (1971) and Houck (1977), this 
technique is used to evaluate the presence and magni-
tude of price transfer asymmetry (APT) between differ-
ent links in a productive chain, especially in the agri-
cultural sector. Moreover, methodological advances pre-
sented by Engle and Granger (1987), which established 
duality between cointegration and error correction, 
provided a new momentum to studies on APT (Lloyd, 
2017).

In turn, Von Cramon Taubadel (1998) proposed a 
modification in the Wolfram-Houck specification to 
include the error term into the analysis. Recent devel-
opments expand the methodological scope to five main 
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groups of analysis: Autoregressive Distributed Lag Mod-
el (ARDL), Partial Adjustment Model (PAM), Error Cor-
rection Model (ECM), Regime Switching Models (RSM) 
and their multivariate extensions (Frey, Manera, 2007).

In terms of factors that induce APT, the associa-
tion between market power and APT becomes recurrent 
in the literature. In more concentrated markets, asym-
metry may be associated to differences in information 
assimilation level in each link of the production chain 
(Ward, 1982), the exercise of market power in storage 
stages, transport, the processing of agricultural products 
(Kinnucan, Forker, 1987), vertical integration (Bernard, 
Willett, 1996) and price research costs in imperfect com-
petitive markets (Miller, Hayenga, 2001). In addition, 
other APT sources commonly identified in the literature 
include product perishability (Ward, 1982), government 
interventions, such as price support and marketing quo-
tas (Kinnucan, Forker, 1987), menu costs (Bailey, Bror-
sen, 1989), degree of organization of rural producers 
(Aguiar, Santana, 2002), positive trend inflation (Ball, 
Mankiw, 1994), and the management of inventories 
(Meyer, Von Cramon Taubadel, 2004; Vavra, Goodwin, 
2005), among others.

Thus, given the multiplicity of aspects related to 
asymmetric price transmission, literature on the subject 
begins to adopt different classification perspectives: mag-
nitude and velocity, positive or negative and vertical or 
spatial (Meyer, Von Cramon Taubadel, 2004). In terms 
of time, there are short-term analyses, most suitable to 
identify if asymmetry is positive or negative, as well as 
the long-term approach, more suitable for evaluating the 
adjustment speed (Frey, Manera, 2007).

Regarding empirical studies, seminal studies that 
identified APT occurrence were performed in the United 
States. Among the main markets analyzed in that coun-
try are the vegetable market (Ward, 1982), dairy market 
(Awokuse, Wang, 2009; Capps, Sherwell, 2007; Hahn, 
Stewart, Blayney, Davis, 2016; Kinnucan, Forker, 1987), 
beef market (Goodwin, Holt, 1999) and chicken meat 
(Bernard, Willett, 1996).

In the international scenario, APT occurrence was 
also identified for the vegetable market in the Nether-
lands (Verreth, Emvalomatis, Bunte, Kemp, Oude Lan-
sink, 2015), for the dairy market in Brazil (Azevedo, 
Politi, 2008) and Panama (Acosta, Valdés, 2014), and 
the swine market in Australia (Griffith, Piggott, 1994), 
Germany (Von Cramon Taubadel, Loy, 1999) and China 
(Dong, Brown, Waldron, Zhang, 2018). APT was also 
identified in the grain and flour market in Zaire (Mint-
en, Kyle, 2000) and South Africa (Cutts, Kirsten, 2006), 
the pistachio market in Iran (Moghaddasi, 2009), and 
the markets of table grapes (Alves, Tonin, Carrer, 2013), 

beans (Cunha, Wander, 2014) and ethanol (Santos, Agui-
ar, Figueiredo, 2015) in Brazil.

Among empirical studies few of them analyze APT 
for the rice market. Internationally, it was the case for 
the rice market in Togo, from 1991 to 2013, with the 
application of the TAR model, Irazou (2015) showed 
that international price shocks to domestic prices tend 
to confirm the existence of market power between inter-
mediary links; therefore, preventing a better price trans-
mission. In turn, Alam et al. (2016) studied the rice mar-
ket in Bangladesh from 2002 to 2007 and reported that 
intermediaries (retailers) respond more quickly to price 
changes that reduce their margins than when the mar-
gins are expanded. 

In the Brazilian rice market, we highlight the stud-
ies of Aguiar and Santana (2002) and Aguiar and Figue-
iredo (2011) who evaluated different food products and 
included rice in their analysis for the period between 
January 1989 and November 2008. Aguiar and Santana 
(2002) did not find APT between producers and retail-
ers from 1987 to 1998, whereas Aguiar and Figueiredo 
(2011) report APT between wholesalers and retailers 
only in the short term, which indicated that increases in 
the wholesale price were transmitted by the retail sector 
more intensely than decreases, and in the wholesaler-
producer relationship, APT was found in both the short 
and long terms. However, it appears that price decreases 
are transmitted more intensely than price increases in 
the wholesale market. 

3. THE RICE MARKET IN BRAZIL AND RIO GRANDE 
DO SUL 

In Brazil, between 2003/2004 and 2017/2018 crops, 
rice production amounted to 12 million tons, with a 
reduction of the cultivated area of 3.65 to 2 million 
hectares. Meanwhile, in Rio Grande do Sul, in an area 
of about 1 million hectares, the production of irrigated 
rice – thin, long and polished grains –increased from 6.4 
to 8.5 million tons in the analyzed period. Because of 
the expansion of productivity over the last 15 harvests, 
the state of Rio Grande do Sul increased from 50% to 
70% in national production (Fig. 1). The concentration 
of primary production has also led to concentration of 
industrialization, with Rio Grande do Sul accounting for 
52% of the sales value of rice benefited by the Brazilian 
industry in 2016 (IBGE, 2019).

Between the 2003/2004 and 2017/2018 crops, impor-
tant changes occurred in the national rice market, 
namely i) increased exports, from 92 to 1,400 thou-
sand tons; ii) public invent or practically non existent 
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in 2003/2004, excess of 1.5 million tons in 2010/2011 
and 2011/2012 crops, and then reaching a reduction of 
less than 100 thousand tons, recently. The private stock 
volume also reduced, but to a lesser extent, therefore, 
showed overall inventory reduction with increased par-
ticipation of private stock of the total stocks in the coun-
try in recent years (Tab. A.1., Appendix).

The reduction in public inventories and the relative 
increase of private inventories results from the change 
in government activities in the market. Since the 1990s, 
with economic opening and monetary stabilization, 
there have been important changes in the different agri-
cultural policy instruments (rural credit in the modality 
of funding, investment and commercialization, agricul-
tural insurance, etc.), restructuring the Minimum Price 
Guarantee Policy (PGPM). This policy, although not 
mandatory, that is, not automatic, operates in several 
markets, such as rice, and its impacts are variable over 
time.

The PGPM has been redesigned to ensure reduced 
government intervention and costs, increasing storage 
and financing from the private sector (Rezende, 2000). 
In this context, government intervention during over-
supply, made by purchase of production at the minimum 
guaranteed price for maintenance of regulatory inven-
tory, such as the Acquisition of the Federal Government 
(AGF), is replaced by other commercialization instru-
ments. In this new model, in the commercialization sup-
port instruments known as Prizes for Agricultural Prod-
uct Flow (PEP) and the Equalizing Premium Paid to the 
Producer (PEPRO), subsidy is now given by the differ-
ence between the minimum and market prices. On the 
other hand, in instruments denominated Agricultural 
Products Selling Option Contract (COVPA) and Pri-
vate Option Risk Premium (PROP), government actions 

resemble the policy of price insurance (Schwantes, 
Bacha, 2017).

In general, the government may a) directly purchase 
the production and stock it with the AGF, b) launch or 
encourage the private sector to create purchase options 
(COVPA, PROP) or c) offer subsidies to move the prod-
uct to deficit regional markets (PEP, PEPRO). In any 
case, it is direct the importance of minimum price as an 
indicator of potential state intervention in the market. In 
other words, the level of minimum price (in comparison 
with the market price) increases government’s chance to 
intervene in the market through the different support 
instruments mentioned.

Thus, in the last two decades, the PGPM has been 
reducing its magnitude and importance in the general 
context of the agricultural policy. However, rice is still 
among the crops most affected by this policy. Between 
2003 and 2018, rice was the third largest agricultural 
product that received commercial aid from the Brazilian 
federal government, accounting for 2.5 billion of Reais 
or approximately 13% of the total spent, only after the 
wheat and corn crops (MAPA, 2019).

In the last two decades, government intervention 
has been concentrated mainly in the second half of the 
2000s, with a peak in the 2011 crop, (Fig. A.1., Appen-
dix) in which almost 3 million tons, of 13.6 million tons, 
were affected by some marketing instrument. In aver-
age terms, in the period 2001 to 2018, 4.3% of the rice 
crop benefited from some commercialization support of 
the federal government. Geographically, the state of Rio 
Grande do Sul accounted for 87% of the total amount of 
rice affected by marketing support instruments (MAPA, 
2019). Still, in this environment of sectoral changes, 
reduction of public inventory, diversification of the 
instruments of commercialization support of agricultur-
al products and increased participation of foreign trade 
are important to understand how price transmission 
between different links of the market place occurs.

4. EMPIRICAL STRATEGY

The theoretical approach to asymmetry price trans-
mission (APT) adopted in this study is derived from the 
Engle and Granger (1987) approach, that is, it analyzes 
the vertical transmission of prices in a context of coin-
tegration. In this sense, the relationship between prices 
is modeled by an error-correcting mechanism, follow-
ing the adaptations of Von Cramon Taubadel and Loy 
(1999), Canêdo Pinheiro (2012), Jacomini and Burn-
quist (2018) and described by Frey and Manera (2007), 
according to equation (1):

Fig. 1. Area planted and rice production in Brazil and participation 
(%) of Rio Grande do Sul in the national production, from 1997 to 
2019.

Source: National Supply Company (CONAB, 2019a).
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� (1)

Where: ∆pr and ∆pf are variations of the retail price 
and the producer level, respectively; subscript t denotes 
the time and superscripts (+) and (-) indicates whether 
the variation is positive or negative; ECTt=prt-γ0-γ1 pft is 
the error correction term obtained from the long-term 
relationship between prices. The lag operators are k and 
j for retail and producer price, respectively. Naturally, 
this relationship can be applied to the retail industry-
case and/or producer-industry or any other relationship 
within the production chain.

Equation (1) allows testing some forms of asym-
metry presented by Frey and Manera (2007), such as i) 
contemporary impact asymmetry (AIC) if ; ii) 
asymmetry due to the distributed lags effect (AED), if 

 for all j; iii) cumulative impact asymmetry 
(AIA) if , where J∈[0,min (J+,J-)]; iv) asymme-
try in the equilibrium adjustment trajectory (ATAE) if 
θ+≠θ-, that is, testing whether the speed of convergence 
depends on the retail price is above (ECTt-1≥0) or below 
(ECTt-1≤0) the long-term equilibrium.

While the cases presented in i) and ii) (AIC and 
AED) refer to short-term asymmetry, comparing the 
positive or negative impact in a given period, the test 
of ECT terms refers to long-term asymmetry. In the 
latter case, if there is a cointegration between two 
market levels, only the equilibrium adjustment speed 
(ATAE) can be asymmetric (Meyer, Von Cramon 
Taubadel, 2004).

During investigation, statistical tests are used, such 
as the unit root tests Dickey and Fuller (1979) and 
Philips and Perron (1988) and cointegration test Johans-
en (1988). Using of the Granger causality test (1969), the 
empirical analysis starts from the assumption that pric-
ing ranges from the primary sector to the other verti-
cal links of the rice production chain. In each case, the 
Wald test is applied to verify the APT between the links 
of the Brazilian rice production chain. The Stata 14 was 
used to calculate all this tests.

As a contribution, we intend to evaluate if the policy 
of minimum prices practiced by the Brazilian govern-
ment affects price transmission in the rice production 
chain in Rio Grande do Sul. To this end, Equation (1) 
is modified to cover two situations: i) price paid to the 
producer above the minimum price; ii) price paid to the 
producer below the minimum price.
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Where: i and j represent the time subperiods where 
pp>pm or pp≤pm, respectively; with pp being the pro-
ducer-level price and pm the minimum price established 
in the PPGM of the federal government. In this context, 
it is intended to identify if the results on the existence 
of APT are kept in the segmented series pp>pm and 
pp≤pm, which define the subperiods where the price 
paid to the producer was above or below the minimum 
price, respectively.

In order to segment the sample, as described above, 
we use the information on the historical series of the 
producer prices in Rio Grande do Sul and the Minimum 
Price Guarantee Policy (PGPM) of the Federal Govern-
ment for rice produced in Rio Grande do Sul (Fig. A.1. 
and Tab. A.3., Appendix). We create a segment when the 
market forces are the main driver (producer-level price 
greater than minimum price) and a second term, when 
the minimum price are greater than the market priced 
received by producers (the last part of equation 2, when 
the government intervention are more probable).

The Figure A.1. (Appendix) shows the compari-
son between the series from January 2003 to December 
2018, in nominal terms. We have 49 of the 191 months 
analyzed with market price lower than the minimum 
price, which implies the possibility of implementation of 
the intervention policy and represents the third part of 
equation 2. We can also see that the policy of support is 
strongly concentrated during harvesting (first half of the 
year) from 2006 to 2009, as well as practically through-
out the year of 2011.

Here, it is essential reinforce that the PGPM is exe-
cuted by the National Supply Company (CONAB) who 
sets the minimum price annually, at least sixty days 
before the beginning of the planting of the crop, tak-
ing into account the cost of production (in general, it 
uses the average variable cost of production as a guide) 
and parameters as export and import price, internal and 
external supply, and others. The Table A.3. (Appendix) 
shows the minimum rice price in Rio Grande do Sul 
during the period analyzed. 

Obviously, the effectiveness of minimum price pol-
icy depends on government-set price values, resource 
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availability, and the volume of product operationalized 
compared to total production (Stefanelo, 2005)1. In other 
words, the existence of a minimum price in not guaran-
tee that government will intervene (and in which magni-
tude) in the rice market.

Besides, it is not clear the way this intervention will 
affect the price transmission. On the one hand, as Kin-
nucan and Forker (1987) point, the existence a price sup-
port, often in the form of minimum prices, can lead to 
APT if retailers or wholesalers believe that the govern-
ment intervention will reduce de uncertainty associ-
ated with interpreting a cost changes. In this context, 
a reduction in farm prices could be view as temporary 
because it will trigger government intervention, while an 
increase in farm prices is more likely to be permanent. 
Therefore, in this situation, it is expect that price sup-
port will probably result in positive APT. On the other 
hand, if the support price instrument pay the subside 
to the middlemen (that pass through it to farmers), as 
some PGPM instruments in Brazilian case, maybe they 
have an incentive to transmit more rapidly farm price 
decrease, in order to reinforce the probability of govern-
ment intervention and increase his stocks with a lower 
average price. Consequently, the existence of minimum 
price could create APT, but it is not clear if it is a nega-
tive or positive price transmission.

5. DATA

As this study aimed to verify the occurrence of APT 
between the links in the rice production chain, price 
data was collected from February 2003 to December 
2018 at three levels. The producer and industry prices in 
Rio Grande do Sul and the retail price in Porto Alegre 
(capital of the State) were obtained from the National 
Supply Company (CONAB, 2019b), the Rio Grande do 
Sul Rice Institute (IRGA, 2019) and the Center for Stud-
ies and Economic Research (IEPE, 2019), respectively. 
The producer price series consists of average selling pric-
es of rice in shell per 50 kg bag, the price for the indus-
try in 30 kg bags and retail are available in R$/Kg. The 

1 The flow for approval of this minimum price is defined as follows: 
CONAB prepares the minimum price proposal and submits it to the 
Ministry of Agriculture and Livestock and Supply (MAPA); 2) MAPA 
analyzes and coordinates a meeting with the Ministry of Economy; 3) 
After technical approval, MAPA prepares and forwards votes to the 
National Monetary Council (CMN); 4) The CMN approves; 5) The 
MAPA launches Ordinance containing the minimum prices approved; 
5) CONAB prepares and discloses the operating rules of this minimum 
price and 7) CONAB performs PGPM operations. This process follows 
the rules indicated by Decree-Law 79 of 12/19/1966 and Law 8171 of 
01/17/1991.

data were deflated using the General Price Index (IGP-
M), calculated by Getúlio Vargas Foundation (FGV, 
2019), with base of 100 for December 2018. 

The data presented justify these choices. Firstly, Rio 
Grande do Sul is the main agricultural producer and 
industrial beneficiary of rice. Secondly, according to 
Miranda et al. (2009), in general, rice commercialization 
in Rio Grande do Sul from the rural producer is given 
by the deposit of cereal in some processing plant (coop-
erative or direct sale to an intermediary). In this system, 
the producer delivers their product to be stored at the 
plant without prior price adjustment, and transaction 
is made only when the parties (producers and indus-
try) agree. Thus, although there is no formal contrac-
tual relationship, this practice functions as such, since 
the producer hardly takes the product from one plant 
to negotiate in another. In turn, the industry, usually by 
representatives, market their product already benefited 
with retail sector. In fact, in the rice market is usual the 
industry replace wholesale by marketing the product 
directly with retail, for this reason we use the industry 
price (the price that industry sells rice to their costum-
ers) in our analysis.

Thus, the analyses of different market levels allowed 
to select the price to producers in the state of Rio Grande 
do Sul (largest primary producer), the price at the indus-
try in the state (major rice producer) and retail in the 
main market of this region, metropolitan region of Por-
to Alegre, because it prevents modification of tax rates 
between states from affecting the relationship between 
the chain links, common in the Brazilian context.

Figure 2 shows the evolution of these prices in the 
period. The visual inspection of the data indicates that 
prices in the three levels considered are moving in the 
same direction with the retailer distancing slightly, 
showing an increase of the retail margin to the detri-
ment of the others, as pointed out by Zanin (2013).

Finally, to evaluate jointly the different market lev-
els, prices were converted into R$ / Kg at each market 
level2. Prices are in real terms, excluding the inflation as 
a source for asymmetry.

6. RESULTS AND DISCUSSION 

In the context of cointegration, the first step is to 
analyze if the series are stationary. Table 1 shows that all 
the series of prices at level have unit root and in first dif-
ference are stationary (test ADF and PP). In addition, the 

2 The price to the producer is not in an equivalent quantity, that is, no 
transformations were made in their unit to account for the equivalence 
between the product in shell (in natura) and the product benefited.
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series are leptokurtic and the hypothesis of normality of 
the residues is rejected (Jarque Bera test).

The long-term relationships between the price series 
in the different links of the rice production chain in 
Rio Grande do Sul (Tab. 2) are analyzed. The results of 
Johansen cointegration test indicate the existence of only 
a long-term cointegration relationship between differ-
ent market levels analyzed, considering the different test 
specifications at a significance level of 5%.

Based on the results of the unit root (ADF and PP) 
and cointegration tests (Johansen), the Granger causality 
test was performed for the variable series. For the Johans-
en cointegration test specifications, we chose the case 
with the inclusion of a trend in the cointegration vectors, 
and because it is an agricultural product, factors such as 
increased productivity can influence the analysis. Fol-
lowing the recommendation of Miller and Russek (1990), 
in situations where there are cointegration relationships 
between the series analyzed, the residuals of the long-term 
equation are used as a mechanism of error correction in 
the short-term equation of the causality test (Tab. 3).

In general, the results of the Granger causality test 
demonstrate that each link in the rice productive chain 
has a causal effect on downstream links. Causality is 
observed in all cases, producer-retail, producer-industry 
and industry-retail, in a directional sense. These results 
corroborate the hypothesis that a supply shock tends 
to propagate to the subsequent links in the production 
chain. In the Brazilian literature on rice, Aguiar and 
Santana (2002) indicate producer-retail causality, while 
Aguiar and Figueiredo (2011) report wholesale-retail 
causality, reinforcing the hypothesis that shocks begin, 
predominantly, upstream and propagate downstream in 
the production chain.

The APT model for the rice market was performed 
considering the series in first difference, with bivari-

Fig. 2. Price of rice to the producer, in industry and retail of Rio 
Grande do Sul and minimum price of the Minimum Price Guar-
antee Policy (PGPM) for Rio Grande do Sul, monthly data, from 
January 2003 to December 2018.

Source: CONAB (2019b), CONAB (201;9d), IRGA (2019) and IEPE 
(2019).

Tab. 1. Statistical properties of rice prices, level series and series returns.

Series pp pi pr D.pp D.pi D.pr

Panel A: Basic Descriptive Statistics
Mean 0.951 2.306 3.368 -0.003 -0.006 -0.007
Std. Dev 0.248 0.492 0.564 0.062 0.11 0.101
Minimum 0.570 1.658 2.673 -0.276 -0.309 -0.284
Maximum 1.903 3.941 5.229 0.249 0.594 0.626
Skewness 1.885 1.746 1.713 0.565 1.468 1.742
Kurtosis 6.671 5.795 5.653 7.111 10.43 11.499
JB 81.41*** 71.01*** 69.15*** 34.09*** 79.65*** 93.26***

Panel B:  Unconditional Correlation Coefficients
pp 1     1    
pi 0.974 1   0.736 1  
pr 0.938 0.937 1 0.397 0.554 1
Panel C: Unit Root Tests
ADF -2.483 -1.932 -2.325  -11.38*** -11.35*** -8.74***
PP -2.16 -1.93 -2.19 -10.38*** -11.35*** -8.74***

Notes: 1. JB refer to Jarque–Bera test for normality; ADF and PP are the empirical statistics of the Augmented Dickey and Fuller (1979) and 
the Philips and Perron (1988) unit root tests were performed including the trend and constant terms, with lags based on the AIC and SBIC 
criteria (pp: 2 lags, pi and pv: 1 lag). 
2. *, ** e *** denote 10, 5 and 1 percent significance levels, respectively.
Source: Prepared by the authors.
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ate analyses between the different market levels, in two 
distinct specifications: i) model with specification of the 
Error Correction Term (ECT); ii) model with segmenta-
tion of the error term. Thus, these two models (ECT and 
segmented ECT) were estimated for three relationships 
between the rice market levels, namely Retail-Producer; 
Industry-Producer and Retail-Industry, following the 
logic that shocks start upstream (in the primary sector, 
producer or industry) and propagate to the subsequent 
link (industry and / or retail).

In terms of methodological specification, there are 
indications of correct specification of the models with 

error correction term (ECT), since ECT coefficients are 
statistically significant (Tab. 4). In addition, the model 
with segmented ECT presented higher level statistical 
significance in all ATP tests.

The asymmetry tests demonstrate the occurrence of 
contemporary asymmetry (AIC) in the Retail-Industry 
relationship, the presence of asymmetry of lagged effect 
(AED) in the Retail-Producer case, and both contempo-
rary and lagged asymmetries in the Industry-Producer 
relationship. The comprehensive cumulative impact 
asymmetry test (AIA) corroborates the diagnosis of the 
occurrence of APT between the links in the rice produc-

Tab. 2. Johansen cointegration test on the different relations between market levels for rice in Rio Grande do Sul from January 2003 to 
December 2018.

Rank Model2 (restricted constant) Model 3(unrestricted constant) Model 4(restricted trend)

Trace
Stat. (λ)

Max Eigen Value 
(λmax)

Trace
Stat. (λ)

Max Eigen Value 
(λmax)

Trace
Stat. (λ)

Max Eigen Value 
(λmax)

Farm Price and Retail price

r = 0 26.376 22.427 25.921 22.407 31.284 27.635
r ≤ 1 3.948a 3.948a 3.514a 3.514a 3.649a 3.649

Industry Price and Retail price  

r = 0 16.000a 12.0349a 15.673 12.031 36.139 31.808
r ≤ 1 3.965 3.965 3.641a 3.641 4.330a 4.33

Farm Price and Industry price

r = 0 25.718 22.049 25.382 22.031 47.536 41.622
r ≤ 1 3.668a 3.668a 3.352a 3.352a 5.913a 5.913a

Notes: 1.Models 2, 3 and 4 refer respectively to the Johansen test specifications: Case 2 - restricted constant, Case 3 - unrestricted constant 
and Case 4 - restricted trend, in Stata context.
a. Level of significance of 5% and critical values for trace statistics (λ): Case 2 – 19.96; Case 3 – 15.41 and Case 4 – 25.32; and critical values 
for Maximum Eigenvalue are: Case 2 – 15.67; Case 3 – 14.07 and Case 4 – 18.96.
Source: Prepared by the authors.

Tab. 3. Results for Granger Causality Test between the levels of the Brazilian rice market, February 2003 to December 2018.

Market Levels The nullhypothesis F Stat. Prob. Lags Causality

Retail X Producer D.pp does not Granger-cause D.pr 13.780 0.000 5 Producer → Retail

D.pr does not Granger-cause D.pp 1.390 0.230 5

Retail X industry D.pi does not Granger-cause D.pr 7.290 0.000 3 Industry → Retail

D.pr does not Granger-cause D.pi 0.390 0.760 3  
Industry X Producer D.pp does not Granger-cause D.pi 22.020 0.000 2 Producer → Industry

D.pi does not Granger-cause D.pp 0.480 0.617 2  

Note: 1.	 * For the Granger Causality tests, the following equations were used: 
 (direction  x → y) and 
 (direction y → x).

Source: Prepared by the authors.
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tion chain, where price increases are transmitted more 
intensely, to the detriment of price drops.

Asymmetry in the speed of adjustment to the long-
term equilibrium (ATAE) was significant and statistical-
ly valid only for the Retail-Industry case, and again, the 
positive impacts present the highest transmission speed. 
Even in this case, the term ECT was not significant (in 
the negative segment), but presented the expected signal, 
and since in the non-segmented case (Model 1), the term 
ECT is significant, it is understood that this non-signifi-
cance is sampling result rather than the absence of coin-
tegration between the variables.

For the links investigated, the industry-producer 
relationship presented the best fit (R2> 0.71), most of its 
coefficients are statistically significant and showed posi-
tive asymmetry in all cases (contemporary, lagged, and 
cumulated).

As for the sources of APT, Meyer and Von Cramon 
Taubadel (2004) and Vavra and Goodwin (2005) list 
factors that may be relevant in the analysis of the rice 
production chain in Brazil. One of the factors is gov-
ernment intervention through minimum price policies 
for agricultural products. Kinnucan and Forker (1987) 
raised this and highlighted that government policies can 
lead to asymmetric price adjustments if agents, such as 
retailers / wholesalers or even industry, believe that price 
movements in one direction are more susceptible to 
interventions than in another direction.

In this sense, to capture the effect of the mini-
mum price policy on the dynamics of price transmission 
between links in the rice chain, this study proposes a seg-
mentation of the traditional model into two series of price 
increases and decreases, representing the sub periods 
when the price paid to the producer is above or below the 

Tab. 4. Asymmetric Price Transmission models for the Brazilian rice market, monthly data from January 2003 to December 2018.

Variables

Retail (dependent) x Producer 
(independent)

Industry (dependent) x Producer 
(independent)

Retail (dependent) x Industry 
(independent)

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

D.Pft
+ 0.546*** 0.544*** 1.440*** 1.450*** 0.558***  0.584***

D.Pft
 0.233* 0.230* 0.755*** 0.754*** 0.266*** 0.267***

LD.Pft
+ 0.936*** 0.932*** 0.913*** 0.912*** 0.272***  0.275***

LD.Pft
- 0.310** 0.316** 0.175 0.155 0.226**  0.175* 

L2D.Pft
+ -0.379** -0,382**

ECTt-1 -0.142***  -0.250***  -0.090***  
ECT+

t-1  -0.135***  -0.302***   -0.187***
ECT-

t-1  -0.147***  -0.195**  -0.028
L.D.PR -0.284*** -0.284***   0.220*** 0.236***
L.D.PI  -0.199*** -0.201***   
L2D.PI -0.072** -0.071*
Cons. -0.014*** -0.015*** -0.007*** -0.028*** -0.014* -0.005
F-test 51.27 44.62 61.01 53.33 44.29 38.90
R2 0.666 0.667 0.704 0.705 0.594 0.601
BG Test 0.554 0.577 1.577 1.731 0.125 0.02
(AIC) 2.08 2.08 10.26** 10.50** 5.46** 6.41**
(AED) (one lag) 8.96*** 7.95*** 12.16*** 12.58** 0.13 0.62
(AIA) 3.72** 3.35*** 30.86*** 31.37*** 4.24** 6.10**
(ATAE)  0.02  0.58  3.26*

Notes: In the nomenclature of the series used, D refers to the variables in first difference; L and L2 refers to lagged series, 1 lag and 2 lags, 
respectively; Pft refers to the price paid to the producer in the Producer-Retail and Producer-Industry analyses, and the relationship between 
Industry-Retail Pft=Pit price in the industry; + (positive) represents price increases; and - (negative) refers to price decreases, at each market 
level analyzed.
2. We use the Breusch-Godfrey (BG) LM test for autocorrelation, H0 is: no autocorrelation.
3. In the selection of the number of lags, such as the Akaike (AIC), Schwarz-Bayes Criterion (SBIC) and Hannan-Quinn (HQ) information criteria, 
different lags were chosen, the parsimony criterion was chosen, maintaining the lower number of lags recommended (with significant coefficients).
4. The tests between the regression parameters are equivalent to (AIC) WaldD: ; (AED) WaldLD:  ; 
(AIA) WaldALL =  e (ATAE) WaldECT: .
Source: Prepared by the authors.
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current minimum price. Table 5 shows the comparison 
between the results of the baseline model, without seg-
mentation of the sample period (Model 1) in relation to 
the segmented APT model based on the relation between 
the market and the minimum prices (Model 3). Based on 
the statistical significance of the estimated parameters for 
all the relationships (producer-retail, industry-producer 
and industry-retail) the APT is observed in both periods, 
when the market price is higher than the minimum price 
(segment called “out”) and when the market price is lower 
than the minimum price (segment called “in”). 

When the market price for rice is below the mini-
mum price (period “in” in Tab. 5) the asymmetry are 
negative in cases involving retail sector. The coefficient 

for price increase is not significant for retail-produc-
er and retail-industry relationship, whereas the price 
decrease coefficient are. In these cases, it seems that 
pass-through of price decrease occurs more rapidly, a 
behavior that is not present in the period drive by mar-
ket forces (segment “out”). It could reflect a strategy of a 
more intense transfer of falls to the next link to increase 
sales and reduce inventories that tend to grow at these 
times. Finally, the results of the segmented sample con-
firm asymmetry (when market price less than minimum 
price) but in a different way (negative APT) and should 
be analyzed with caution given the size of the sample 
obtained and the not statistical significance of increase 
prices coefficients.

Tab. 5. Asymmetry Price Transmission Model of rice market in Brazil, segmented in moments that market prices are belowor above mini-
mum prices, January 2003 to December 2018.

Variables

Retail (dependent) x Producer 
(independent)

Industry (dependent) x Producer 
(independent)

Retail (dependent) x Industry 
(independent)

Model 1 Model 3 Model 1 Model 3 Model 1 Model 3

D.Pft
+ (all) 0.546***  1.440***  0.558***  

D.Pft
- (all) 0.233*  0.755***  0.266***  

D.Pft
+ (in) -0.203  1.244*** -0.391*

D.Pft
- (in) 0.593**  0.601*** 0.688***

D.Pft
+ (out) 0.909***  1.716*** 0.630***

D.Pft
- (out) 0.380** 0.884*** 0.267***

LD.Pft
+ 0.936***  0.913***  0.272***  

LD.Pft
- 0.310**  0.175  0.226**  

L2D.Pft
+ -0.379***

ECT -0.142*** -0.230*** -0.250*** -0.308*** -0.090*** -0.194***
L.D.PR 0.284*** 0.285***  0.220***
L.D.PI  -0.199***   
L2D.PI -0.072**
Constant -0.014*** -0.009 -0.007***  -0.020*** -0.014* -0.0110
F-test 51.27 42.20 61.01 52.63 44.29 32.64
R2 0.666 0.582 0.704 0.67 0.594 0.47
BG Test 0.554 0.113 1.577 5.37 0.125 10.93
AIC 2.08  10.26**  5.46**  
AICIN 3.17* 4.62** 11.41***
AICOUT 5.64*** 12.68*** 3.41**
AIAALL 3.72** 0.23 30.86** 10.65*** 4.24*** 2.81*

Notes: In the nomenclature of the series used, D refers to the variables in first difference; L and L2 refers to lagged series, 1 lag and 2 lags, 
respectively; Pft refers to the price paid to the producer in the Producer-Retail and Producer-Industry analyses, and in the analysis of the 
Industry-Retail Pft=Pit price in the industry; + (positive) represents price increases; - (negative) refers to the price drops, at each market level 
analyzed; and IN refers to the periods when pp≤pm and OUT when pp>pm.
2. The tests between the regression parameters are equivalent to (AIC) WaldD: , performed for the periods in which pp≤pm 
(AICIN) and when pp>pm (AICOUT) and(AIA) WaldALL =  = .
3. We use the Breuch-Godfrey (BG)LM test for autocorrelation, H0 is:no autocorrelation; When this test is significative we estimate the 
model without the lagged dependent variable and with the Newey-West standard error correction. Models with lagged dependent variable 
and more lags do not change the results.
Source: Prepared by the authors.
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On the other hand, the industry-producer relation-
ship, in period “in”, shows positive APT. In this case, 
both price coefficient (increase and decrease) are sig-
nificant and shows that the industrial sector, which is 
directly related to the producer, tends to pass the price 
increases faster to its consumers than the falls, when 
intervention policy is more likely to occur. When market 
forces prevail, the period out, this positive APT remains. 
Therefore, for the industry-producer relationship the 
potential government intervention does not change the 
APT behavior and is detected as a source of it.

In short, it seems that intervention policy may 
be one of the explanations for APT in Brazilian rice 
market, but not the only one, as it remains and even 
strengthens in periods without government interven-
tion. In this sense, other explanations could help to 
understand the APT. One of them is the management of 
rice inventory, as described by Meyer and Von Cramon 
Taubadel (2004) and Vavra and Goodwin (2005). Rice 
is a commodity; thus, storage has implications on price 
transmission. Therefore, intermediaries (as retail in our 
case) could benefit from reduced prices at producer level 
to replenish or increase their inventories (Reagan, Weitz-
man, 1982). Moreover, Balke et al. (1998) showed the 
accounting method used to manage the inventories can 
also generate APT, methods as first in first out (FIFO), 
might lead to adjustments of asymmetric price shocks. 
In addition, restriction of non-negativity to the stock, 
according to Blinder (1982), could also lead to APT.

In this context, as we saw in the Table A.1 the inven-
tories had an important variation along the all sample 
with private sector replacing the public sector as the 
holder of rice stored in Brazil, maybe this modification 
could bring light to understand the APT. But, this is a 
difficult hypothesis to test for the rice market, due to the 
lack of known series of stocks of private agents (retailers 
/ wholesalers/industry) available in a disaggregated way. 

Furthermore, methodological adjustments are 
required to test inventory and APT relationship, in addi-
tion to the collection of data not available in the present 
study. These adjustments are not in the scope of this 
work; nevertheless, they are important points for fur-
ther research. This study aims to contribute to a better 
understanding of price asymmetry. In addition to meas-
uring it, this study sought to identify a possible cause of 
APT, namely the role of the policy of minimum prices, 
which were confirmed. For further research, maybe dif-
ferent methodological frameworks available in the litera-
ture could be implemented to confirm our results. 

7. FINAL REMARKS

The objective of this work was to investigate asym-
metric price transmission (APT), through the error cor-
rection model (ECM) between the links of the rice pro-
duction chain in producer and industry markets of the 
state of Rio Grande do Sul, Brazil, and the retail mar-
ket in the metropolitan region of the state capital, Por-
to Alegre, from February 2003 to December 2018. The 
period of analysis is fruitful in terms of changes in the 
rice market in Brazil. Changes are namely related to the 
regional concentration of primary production and the 
industrial processing of the cereal, the use of public poli-
cies, such as minimum prices, changes in inventory lev-
els and greater insertion into the international market, 
among others, which allow testing the APT.

At the different levels analyzed (Retail-Producer, 
Industry-Producer and Retail-Industry), the APT tests 
indicated the presence of positive asymmetry, both 
contemporaneous or lagged and cumulatively, in prices 
transmission in the rice production chain. The result 
confirms the empirical results available in the litera-
ture. The evaluation of the different extracts of analysis 
shows that the industry-producer relationship presented 
the best fit, expected signs and positive asymmetry in 
the different measured forms (AIC, AED and AIA). This 
market link has a direct relationship with producers and 
the results indicate they could benefit from this proxim-
ity by passing on price increases more quickly than price 
reductions for their customers.

As a methodological contribution, this study aimed 
to adapt the model to evaluate the results in sub periods 
of time, specifically to differentiate the periods in which 
the market price was above or below the minimum 
price. The results show that when the market price was 
below the minimum price, the transmission of the price 
falls were greater than increases when the retail sector is 
considered, making negative asymmetry in retail-pro-

Fig. 3. Producer Prices and Minimum Price for 50-kg bag of rice in 
Rio Grande do Sul, from January 2003 to December 2018.

Source: Prepared by the authors, based on CONAB (2019b, 2019d).
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ducer and retail-industry relationship. In the industry-
producer case, we found positive asymmetry in the same 
sample segmentation. These results may indicate that the 
government intervention is a potential source of asym-
metry in Brazilian rice market, but not the only one, as 
the APT remain in the period where the market price 
was above the minimum price. 

Regarding the limitations of this study, although the 
results indicate the occurrence of APT, the price series 
adopted in the analysis, monthly basis, have limitations 
in the accurate monitoring of price dynamics between 
the links in the production chain. Finally, for future 
research on the process of price transmission in the rice 
sector in Brazil, we could assess which inventory levels 
have more influence on the APT process. Furthermore, 
studies could be conducted to evaluate the effects of 
changes on price transmission, namely changes in the 
contractual framework or in the negotiation policies 
between the links of the productive chain.
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Tab. A.2. Support from the Federal Government for the commercialization of rice (thousand tons) - harvest year (March / February) from 
2001 to 2018.

Item /Crop 2001/2002 2004/2005 2005/2006 2006/2007 2008/2009 2009/2010 2010/2011 2017/2018

PEP
Offered 480 485 307.5 2238 543
Sold     459.8 157.5   143.3 1,538.2 390.2

AGF Direct 60 571.4 307.7 62 0.3   396.3 20.4

PROP                
Offered 700.1 548
Sold   327.6 238.9          

PREPO                
Offered 307 369
Sold             64.3 109.4

OPTIONS                
Offered 1,374.3 350 910.2 878 1,113.1
Sold 611.5 350 857.7 668.6 982.8
Accomplished 4.4 350     156.8   403.3  
Total 671,5 1,249 1,006.4 1,077.2 668.9 143.3 2,981.6 520
Production 11,076.1 13,405.2 11,721 11,315.9 12,603 11,660.9 13,613.1 12,064.2
Participation (%) 6.1% 9.3% 8.6% 9.5% 5.3% 1.2% 21.9% 4.3%

Note: 1. Only the years in which there was support from the federal government for the commercialization of rice are presented.
Source: Ministry of Agriculture Livestock and Supply (MAPA, 2019b).

Tab. A.3. Minimum price for rice in Rio Grande do Sul, by type, duration and value from 2003 to 2020.

Product Type/Class UF Region Start (month/
year)

End (month/
year) Unity R$/ bag

PADDY RICE Type 1-58/10 RS South 02/2003 50 kg bag 14.00
PADDY RICE Type 1-58/10 RS South 02/2004 50 kg bag 20.00
PADDY RICE Type 1-58/10 RS South 02/2005 50 kg bag 20.00
PADDY RICE Type 1-58/10 RS South 02/2006 50 kg bag 22.00
PADDY RICE Type 1-58/10 RS South 02/2007 50 kg bag 22.00
PADDY RICE Type 1-58/10 RS South 01/2008 50 kg bag 22.00
PADDY RICE Type 1-58/10 RS South 01/2009 50 kg bag 25.80
PADDY RICE Type 1-58/10 RS South 01/2010 50 kg bag 25.80
PADDY RICE Type 1-58/10 RS South 02/2012 01/2013 50 kg bag 25.80
PADDY RICE Type 1-58/10 RS South 02/2013 01/2014 50 kg bag 25.80
PADDY RICE Type 1-58/10 RS South 02/2014 01/2015 50 kg bag 25.80
PADDY RICE Type 1-58/10 RS South 02/2015 01/2016 50 kg bag 27.25
PADDY RICE Type 1-58/10 RS South 02/2016 01/2017 50 kg bag 29.67
PADDY RICE Type 1-58/10 RS South 02/2017 01/2018 50 kg bag 34.97
PADDY RICE Type 1-58/10 RS South 02/2018 01/2019 50 kg bag 36.01
PADDY RICE Type 1-58/10 RS South 02/2019 01/2020 50 kg bag 36.44

Source: National Supply Company (CONAB, 2019d).
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Fig. A.1. Market price and minimum price for rice in Rio Grande do Sul and quantity of rice marketed by Minimum Price Guarantee 
Policy (PGPM) in Rio Grande do Sul, monthly data, from March 2005 to December 2018.

Source: National Supply Company (CONAB, 2019b, 2019d).
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Abstract. The paper analyzes the performance of a sample of Italian microbreweries. For 
small and very small companies, performance analyses represent an important tool for 
the investigation of both the efficiency and the survival chances of the companies in the 
medium and long term. The methodology used consists of calculating different profit-
ability and productivity indexes followed by a DEA model for the evaluation of the com-
panies’ efficiency. The results show that the companies operate at significantly low pro-
ductivity levels and in conditions of technical inefficiency, due to both the inability of the 
managers to manage the inputs and the fact that companies operate at sub-optimal levels 
of scale. Lastly, profitability turns to be positive for two out of three indexes examined.

Keywords:	 Italian brewing industry, economic performance, profitability indexes, pro-
ductivity indexes, DEA model.

JEL codes:	 L25, L66, D24.

1. INTRODUCTION

In the last ten years, the Italian beer sector hasshowed a rapid growth 
(Aquilani et al., 2015; Donadini et al., 2016; Donadini, Porretta, 2017; Fastigi 
et al., 2018; Garavaglia, 2018).

In 2015 the sector involved 649 companies, including multinationals, 
industrial and craft breweries, counting a total of 7,893employees (Chamber 
of Commerce, 2018). Between 2015 and the end of 2017, the number of pro-
duction units increased by 55% (1,008 firms), while the number of employees 
increased by 16% (9,128 people) in the same period.

The significant growth that has affected the sector in terms of both pro-
duction units and workforce is almost entirely related to the proliferation of 
craft microbreweries, which produce unfiltered and non-pasteurized craft 
products with heterogeneous beer styles characterized by exclusive reci-
pes. According to statistics from both the Italian Chambers of Commerce 
and professional associations, in 2017, 91% of the firms counted less than10 
employees each. In detail, 52% of the total number offirms countedonly one 
employee, while companies with 50 or more employees were 1.4% of the total 
(Unionbirrai ObiArt, 2018).
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The rapid growth of microbreweries in Italy is not 
an isolated phenomenon on the European and inter-
national panorama (Colen, Swinnen, 2010; Garavaglia, 
2018). It is a consequence of the microbreweries move-
ment, born in the US in the 1970s (Carrol, Swamina-
than, 2000; Swaminathan, 1998; Tremblay et al., 2005), 
which spread rather quickly over other continents, 
including Europe, in the following two decades (Fanelli, 
2018; Fastigi et al., 2018; Fastigi, Cavanaugh, 2017; Fas-
tigi et al., 2019; Garavaglia, 2018; Howard, 2010).

The phenomenon is the result of competitive forces 
acting on the sector at a global level (Argent, 2018). As 
in other countries, the growth of small craft brewer-
ies in Italy has also responded to the needs of a demand 
increasingly focused on both quantity and quality. In 
particular, the development of large multinational indus-
trial groups supported growth in terms of quantity, 
while the demand for higher quality products accentu-
ated the development of residual market niches, able to 
meet the tastes of an ever-increasing number of educated 
consumers (Donadini et al., 2016; Garavaglia, 2009; Gar-
avaglia, 2018).

The aim of this paper is to carry out an analysis of 
the performance of Italian craft breweries according to 
the scientific literature that deals with the performance 
of small and medium enterprises in the manufacturing 
sector, with a focus on the food and beverage industry 
(Blackburn et al., 2013; Charoenrat, Harvie, 2014; Dimara 
et al., 2008; Pilar et al., 2018). A methodological approach 
that took into account the different aspects that contribute 
to defining company performance was implemented (Sell-
ers Rubio, 2010) for the analysis of the craftbeer sector in 
Italy. A multidimensional concept of  «performance» was 
adopted, which evaluated the performance of a sample of 
companies operating in the craft sector in terms of profit-
ability, productivity and efficiency.

The analysis of the performance of the companies 
operating in the Italian craft beer segment is extreme-
ly important, asthe concept of performance is closely 
linked to that of survival. To achieve high performance 
levels is the fundamental prerequisite for the growth 
and survival of the small Italian brewing companies. 
Smaller companies are less likely to survive than large 
ones, especially if their birth and growth are linked 
to the development of new technologies or new prod-
ucts (Brock, Evans, 1989), as in the case of «craft beer». 
Moreover, the economic situation of the beer market 
calls for the development of analyses focusing onthe 
craft beer company’s performance, as in the next few 
yearsthe reduction of both company costs and final 
product priceswill become fundamental objectives for-
breweries.

1.1. Literature review

The scientific literature analyzing the performance 
of MSMEs is rather heterogeneous, extensive and varied, 
though most of it assesses the performance of MSMEs in 
terms of profitability (Aragón Sánchez, Sánchez Marín, 
2005; Fernández et al., 2018; Foreman Peck et al., 2006; 
Hall et al., 2009; Padula et al., 2015, Pollack, Adler, 
2016). The generation of income is an essential condi-
tion for them to remain on the market, although it is 
not the only objective MSMEs pursue. Poor profitability 
provesto be both a lack of profit for the owner/manager 
and a reduced availability of financial resources to invest 
in the company (Prowl et al., 2017). MSMEs generally 
operate with limited resources (Prowl et al., 2017), and 
their main objective is to achieve maximum productiv-
ity through the optimized use of the inputs (Hall et al., 
2009; Kurniawati, Yuliando, 2015; Mahmood, 2004; Van 
Beveren, 2012). This optimized use depends on technical 
efficiency, which is a fundamental parameter for meas-
uring company performance, as well as one of the main 
causes of MSMEs’ lower productivity (Alvarez, Crespi, 
2003; Taymaz, 2002; Setiawan et al., 2019).

The beer sector has aroused renewed interest from 
the scientific literature on a global level. In recent years, 
a growing number of studiesfocused on both the struc-
ture of the sector in different countries and on the entry 
of new small and very small companies in markets gen-
erally dominated by large multinationals (Beck et al., 
2018; Cabras et al., 2018; Garavaglia, Castro, 2018; Hani, 
Cheriet, 2014; Howard, 2010; McLaughlin et al., 2014; 
Toro Gonzalez, 2017; Weersink et al., 2017).

Previous studies analysed the sector using the theo-
ry of strategic groups (Day et al., 1995; Tremblay, 1985). 
The phenomenon of the proliferation of micro brewer-
ies was considered as it refers to the industry life cycle 
model and the resource partitioning model (Carroll, 
Swaminathan, 2000; Horvarth et al., 2001; Swamina-
than, 1998). Analyses of micro breweries’ performance 
were developed mainly dynamically through survival 
analysis (Bentzen, Smith, 2018; Wessonand De Figue-
iredo, 2001). As far as Italy is concerned, Garavaglia 
(2009; 2018) developed surveys at a macro level, analys-
ing the structure, performance and competitiveness of 
the brewing industry by calculating concentration and 
market powerindexes. Fanelli and Felice (2014) (ref. par-
agraph 1) examined the sector in the period 2008-2012 
and, implementing a multivariate analysis and a cluster  
analysis, identified the economic indexes that can 
explain the differences among the different companies 
operating in the beer sector. The studies by Cannatelli 
et al. (2017) and Espositi et al. (2017) analysed the per-
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formance of the companies operating in the craft beer 
segment. Cannatelli et al. (2017) carried out an analysis 
aimed at verifying the relationship between company 
performance, product quality and the brand manage-
ment strategies adopted. On the other hand, Espositi et 
al. (2017) analysed the phenomenon of the proliferation 
of microbreweries in Italy from a dynamic point of view, 
considering the effect that spatial factors play on com-
pany performance.

In this paper, the performance of craft beer compa-
nies is investigated through the implementation of  both 
specific productivity and profitability indexes and the 
DEA model (Cooper, 2006; Zhou et al., 2018). The imple-
mentation of the DEA model allows to both analyze the 
company’s performance in terms of technical efficiency 
and scale efficiency and determine if the causes of the 
company’s inefficiency are due to managerial inabilities 
in organizing and governing the inputs or to the fact 
that they do not operate at the optimal production scale. 
The awareness of company inefficiency has important 
implications especially for micro, small and medium 
enterprises (MSME), as it provides the owner/manager 
with the information that allows him/her to best man-
age the company’s often scarce resources, to avoid waste 
and reduce production costs, elements that contribute to 
improve the profitability of the company itself. To the 
best of our knowledge, such studies have not yet been 
carried out, at least not at a national level.

2. METHOD AND SAMPLING

2.1. Theoretical framework

This research was developed using the methodol-
ogy proposed by Sellers Rubio (2010, pp. 76-77) and Sell-
ers Rubio and Alampi Sottini (2016, p. 35) for the wine 
sector in Spain and Italy. In the papers cited above, the 
performance of production companies is investigated 
using different approaches, which involve calculating 
specific productivity and profitability indexes and a non-
parametric frontier approach to evaluate the efficiency of 
production companies. In accordance with Sellers Rubio 
and Alampi Sottini (2016, p. 36), the evaluation of prof-
itability and productivity was carried out using balance 
sheet indexes. Although part of the scientific literature 
has criticized the adoption of these indexes (De Andrés 
et al., 2009), they are still widely used as representative 
indicators of company performance (De Andrés et al., 
2009; Chaudhuri et al., 2016; Chenall, Smith, 2007).

Productivity was calculated in terms of relative 
productivity, using per-capita turnover (Sellers Rubio, 
2010; p. 77), as an indicator of labour productivity. This 

indicator has been considered relevant for the analy-
sis of small and very small companies because it allows 
to examine the relationship between labour factor and 
productivity. Even though a smaller number of employ-
ees may seem to lead to an increase in productivity, ele-
ments such as technological innovation (Baumann, Kri-
tikos, 2016; Hall et al., 2009) and staff skills (Alvarez, 
Crespi, 2002; Cassell et al., 2002) can still influence the 
final result, both in a positive and negative manner.

The efficiency analysis was developed by formalizing 
an input-oriented DEA model 3+1 (3 inputs and 1 out-
put), calculated considering both constant (CRS) and 
variable (VRS) returns to scale. We decided to adopt 
an input-based approach because we believed as more 
realistic to consider that micro breweries, operating 
with limited resources and carrying out their activities 
in niche markets might better improve their efficiency, 
starting from the reduction of costs and waste and with 
a better organization of production factors, rather than 
trying to maximize output. The calculations were elabo-
rated within R (R Core Team, 2017), using both the «non 
paraeff» package (Dong yhun, Dukrok, 2013) and the 
«Benchmarking» package (Bogetoft, Otto, 2015). 

The variables were selected referring to the contri-
butions provided by Sellers Rubio and Alampi Sottini 
(2016).

The number of employees was selected as the repre-
sentative input of the labor factor (Rubio, 2010; Rubio, 
2016). The skills and professionalism of human resources 
are factors that strongly influence the quality of the final 
product, and consequently the company’s performance 
in terms of profitability and income (Rose, Kumar, 
2006). The number of employees is also considered one 
of the most critical parameters in terms of cost man-
agement, productivity and technical inefficiency in the 
case of small and very small companies (Alvarez, Crespi, 
2002).

The debt/equity ratio characterises the financial 
structure of companies and provides information on the 
sustainability of the financial debt, by comparing it to 
the capital of the company (both the capital generated by 
the company and the shareholders’ equity). This indicator 
was considered relevant to the model, given the impor-
tance that making investments has for small and very 
small companies and the difficulty that these companies 
generally face in obtaining loans from banks or other 
credit institutions (Alvarez, Crespi, 2002; Reid, 2003).

The Total debt variable (both short-term and long-
term debt) has been introduced in the model as an 
input capable of monitoring the capital factor;  this vari-
able provides information about external financing and 
the related costs and is a key factor for the company’s 
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competitiveness in the market (Reid, 2003). In the case 
of small companies, the «Total debt» variable provides 
useful information on the management of monetary 
advances (Reid, 2003). As for the output variable, Rev-
enues from sales and services were selected: in monetary 
terms, it represents all the products sold on the market 
by the company. The variable was selected as an increase 
in sales and profit improvement is perceived to be one of 
the most important objectives for MSMEs.

The DEA model is based on the envelopment of data 
to identify an efficient frontier that is used to evaluate 
the performance of the production units under study 
(Cooper et al., 2006).

The most efficient DMUs (Decision Making Units) 
determine the efficient frontier, against which the effi-
ciency of the other DMUs is measured (Hoff, 2007).

Conceptually, the most efficient DMUs are those 
that can reduce their inputs while keeping the outputs at 
their current levels (DEA input-oriented model), or that 
can produce a higher amount of outputs while keeping 
the inputs at their current levels (DEA output-oriented 
model).

Given a set of DMUs, whose production process is 
described by a vector of input variables (I) and a vector 
of output variables (J) common to all units but distrib-
uted in different quantities among the different produc-
tion units, the production efficiency of each of them is 
calculated as the maximum ratio between the weighted 
amounts of output and input (Serafini, 2009; p. 417):

Max

� (1)

With
: quantity of inputs used in the production process by 

company k;
: quantity of output produced by company k;

wj>0 and vi>0 weights attributed to inputs and outputs.
The problem can easily be turned into a linear pro-

gramming problem (and in its dual problem) by impos-
ing the constraint  = 1 (Serafini, 2009; p. 418):

� (2)

� (3)

Where in (3)  are, respectively, the vectorof 
inputs and the vector of output sand λk is a non-negative 
vector of variables.

The problem of linear programming in (1) refers 
to an input-oriented DEA model with constant 
returns to scale. It is possible to introduce the variable 
returns to scale hypothesis by adding a supplementary 
constraint(Serafini, 2009):

∑kλk=1 for variablereturns to scale� (4)

The methodology assigns each DMU an efficiency 
score between 0 and 1 (Cooper et al., 2006). Efficient 
border companies show an efficiency score equal to 1, 
while totally inefficient units show an efficiency score 
equal to 0. However, efficient solutions can be detected 
even with some parameters of input or output equal to 
zero. DMUs for which this option occurs are defined as 
weakly efficient. The weakly efficient DMUs have excess 
input and output deficits called slacks. To detect weakly 
efficient DMUs, an infinitesimal constant ε>0, defined 
«non-Archimedean» is introduced.

Considering constant returns to scale, the dual 
problem in the case of an input-oriented modelis the 
following(Wen, 2015; p. 50):

� (5)

Where  are input slacks,  are output slacks and 
θ is the efficiency score obtained for each DMU ana-
lysed.

The dual problem considering constant returns to 
scale can be formulated simply by adding the following 
constraint to (5):

� (6)
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A DMU is efficient only if θ* is equal to 1, and the 
optimum value and all slacks are equal to zero (Serafini, 
2009).

The CRS scoreprovides the so-called «global techni-
cal efficiency» (Cooper et al., 2006), because it does not 
consider the scale effect (Banker et al., 1984; Cooper et 
al., 2006). The VRS score provides the so-called «pure 
technical efficiency» (Banker et al., 1984; Cooper et al., 
2006). The ratio between «global technical efficiency» 
and «pure technical efficiency» is called «scale efficien-
cy» (Banker et al., 1984). The calculation of these scores 
allows identifying the source of inefficiency for each 
investigated DMU (Cooper et al., 2006). Thus, efficiency 
can be broken into (Cooper et al., 2006; p. 141):

[Technical Eff. (TE)] = [Pure Technical Eff (PTE)]
x [Scale Eff. (SE)]

� (7)

Where the PTE score reveals inefficient operations 
or management and the SE scorereveals that the DMU 
does not operate at optimal scale (Cooper et al., 2006).

Scale inefficiencies may be due to the fact that the 
DMU works at increasing or decreasing returns to 
scale. To obtainthis information, it is necessary to verify 
whether:

 → the DMU is working at increasing 
returns to scale�

(8)

 → the DMU is working at decreasing 
returns to scale.�

(9)

Then, Spearman’s correlation indexes were calculat-
ed between the selected performance indicators to ana-
lyze the level of correlation between the variables and to 
highlight a possible relationship between them.

As a final step, the matrix containing the data relat-
ing to the various performance indexes was divided into 
three classes, according to the years of activity of the 
different production realities (less than 5 years, between 
5 and 10 years, more than 10 years). The classes were 
divided as to create homogeneous groups in terms of 
number of observations per group. Finally, a Kruskal-
Wallis test was carried out to point out whether there 
were significant differences between the medians relative 
to the different performance indexes in the three groups 
identified.

2.2. The sample

The economic information on the breweries was 
extracted from the «AIDA-Italian company information 
and business intelligence» database, the computerized 

database of Italian companies of Bureau van Dijk, updat-
ed to 2016. The database refers to the economic accounts 
and structural characteristics of  Italian capital compa-
nies. The companies were selected according to the ATE-
CO 2007 classification for economic activities (ISTAT, 
2009). The selected firms belong to the class 11.05 «Beer 
production», which includes craft and industrial brewer-
ies, with their production facilities. Once the enterprises 
that did not have any information on the selected vari-
ables were discarded, the sample turned out to count a 
total of 163 production units, including multination-
als and large, medium, small and very small companies 
operating in both the craft and industrial beer segments. 
Several definitions for «craft breweries» can be found in 
the scientific literature. In order to identify and extract 
only the craft breweries from the database, in this paper 
we have taken as reference the recent Italian Law 154/ 
2016, thanks to which a unique definition of craft brew-
ery has been provided at the national level. Breweries 
are defined as craft breweries (Chapter V, Article 35) 
according to the following factors: 1) the production 
size, defined within the limit of 200,000 hl per year, and 
the type of product obtained; 2) the economic and legal 
independence of the brewery from any other brewery; 
3) the product characteristics: craft beers must not have 
undergone the process of filtration and pasteurization.

Since Law 154/2016 could theoretically include 
even large breweries (as the average annual production 
could reach up to 200,000 hl), we also verified that the 
craft breweries were consistent with Recommendation 
2003/361 EC provided by the Ministry of Economic 
Development (OJ, 2003), which provides the definition 
for small and micro-enterprises. The criteria suggested 
by the Recommendation are consistent with those iden-
tified in the scientific literature for the definition of 
«Small Brewery» and «Micro brewery» (Cabras, Bam-
forth, 2015). Official statistics and sector studies describe 
the sector as composed mainly of small and very small 
businesses, with an average annual production of  
between 750 and 800 hl (Assobirra, 2016; ISTAT, 2001, 
Unionbirrai ObiArt, 2018).

In the present paper, the independence of the com-
panies under study was verified by carrying out detailed 
verification on specialized sites (microbirrifici.org; cro-
nachedibirra.it), checking companies’ potential character 
as craft companies in terms of adopted techniques and 
production volumes and whether they had forfeited their 
«independence» through the sale of their business to large 
industrial groups. Once we verified this, which led to the 
exclusion of only one company, the data were processed in 
order to guarantee the correct application of the method-
ologies adopted (Cook et al., 2014; Dyson et al., 2001).
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The final sample consisted of 64 companies, for 
which all the information on the extracted variables 
was available. The size of the sample was considered 
adequate for the purpose of the research, and in agree-
ment with the indications given in the literature for the 
correct application of the DEA models (Cook et al., 2014; 
Dyson et al., 2001).

The characteristics of the sample and the descriptive 
statistics of the selected variables are shown in Table 1.

3. RESULTS

3.1. Profitability, productivity and efficiency analysis

The descriptive statistics of the selected indexes were 
calculated (Tab. 2) to analyse the performance of the 
breweries examined in terms of profitability and produc-
tivity. The mean values measured are positive for all the 
indexes analysed, with the exception of ROE.The medi-
an value, however, assumes positive and above average 
values for all three indexes examined: this means that 
half of the production units show positive performance 
regarding profitability. As for productivity, average rev-
enues per employee amounted to 136,266.09 euros, for a 
median value of 124,600.00 euros per employee.

The descriptive statistics of CRS scores, VRS score 
and scale efficiency are listed in Table 3. In average 
terms, the global technical efficiency shows values equal 
to 0.53 in the sample examined, with a median value 
equal to 0.48. This result shows that, on average, com-
panies can become efficient by reducing their inputs by 
47%.

The pure technical efficiency assumes an average 
value of 0.72, while the scale efficiency is equal to 0.77. 
These values indicate that, on average terms, the pure 
technical efficiency has roughly the same weight as the 
scale efficiency in inf luencing the inefficiency of the 
investigated sample, showing a value slightly lower than 
the scale efficiency.

A more in-depth analysis (Tab. 4) highlights that 
47% of the total DMUs show a global efficiency score 
between 0.5<=E<1, while 20% of the sample has values 
below 0.3, revealing substantial productive inefficiency. 
If we analyze the results for both the models implement-
ed in greater detail, we also notice that the DMUs that 
show ES=1 and slack zero in relation to the CRS model 
number seven (11% of the total).

These DMUs have a strong global technical effi-
ciency, and they are both technically and scale efficient. 
Moreover, they operate at the most productive scale size 
(Tab. 5).

25 out of the 64 DMUs (about 39% of the sample) 
show a pure technical efficiency (ES=1 according to 

Tab. 1. Descriptive statistics on the variables used for the analysis.

Variable  Micro Small   

Firm Size  
(num. of employees)  53 11   

  Mean  Median  Standard dev. 

Firm Age  9  8  5 

Per capita turnover (€)  136,266  134,738  136,711 
ROI (%)  3.90  3.81  3.97 
ROE (%)  -3.22  -3.36  -2.78 
ROA (%)  2.34  2.29  2.42 
Total Revenues (€)  635,765  613,124  623,026 
Employees (num.)  5  5  5 
Total Debt (€)  540,512  534,348  541,748 
Debt/ Equity ratio  3.67  3.71  3.75 

Source: our elaboration based on data from AIDA - Bureau van 
Dijk.

Tab. 2. Descriptive statistics for profitability and productivity indi-
ces. 

  Per capita
Turnover ROI ROE ROA

Minimum value 1,440.00 -21.34 -135.90 -16.94
1th Quartile 65,615.00 -0.15 -1.54 -0.08
Median 124,600.00 4.60 3.58 3.05
Mean 136,266.09 3.90 -3.22 2.34
3th Quartile 160,827.50 9.85 10.38 5.93
Maximum value 505,790.00 27.59 56.17 18.48
Standard deviation 99,081.43 8.74 36.26 6.31

Source: our elaboration based on data from AIDA - Bureau van 
Dijk.

Tab. 3. DEA model: descriptive statistics for efficiency score. 

Overall 
efficiency

Pure tecnica 
efficiency

Scale  
efficiency

Minimum value 0.01 0.24 0.01
1th Quartile 0.33 0.50 0.57
Median 0.48 0.72 0.92
Mean 0.53 0.72 0.77
3th Quartile 0.73 1 0.99
Maximum value 1.00 1.00 1.00
Standard deviation 0.28 0.26 0.29

Source: our elaboration based on data from AIDA - Bureau van 
Dijk.
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the VRS model). Eleven DMUs (17% of the total) have 
strong efficiency (ES – VRS=1 and zero slack on input 
and output).

The other 4 DMUs, although technically efficient, 
show scale inefficiency. In detail, one DMU operates at 
decreasing returns to scale 3 DMUs at increasing returns 
to scale. This means that the first company can achieve 
global technical efficiency by decreasing its size, while 
the others can achieve global technical efficiency by 
increasing their production scale.

The remaining 14 DMUs, besides showing scale inef-
ficiency (all operate under IRS conditions), show weak 
efficiency, having positive slacks in relation to two of 
the inputs used for the analysis. These DMUs can reach 
maximum efficiency by increasing not proportionally 
the inputs and their own production scale. 

3.2. Correlation analysis

Observing the correlation matrices of Spearman 
(rs), calculated on the variables analysed, and their rela-

Tab. 4. DEA model: efficiency score classes and relative number of 
sample companies.

Efficiency 
range

CRS Number 
of DMU

CRS Number 
of DMU 

(percentage)

VRS Number 
of DMU

VRS Number 
of DMU 

(percentage)

0<=E<0,1 3 5% 0 0%
0,1<=E<0,2 2 3% 0 0%
0,2<=E<0,3 8 13% 2 3%
0,3<=E<0,4 13 20% 6 9%
0,4<=E<0,5 8 13% 5 8%
0,5<=E<0,6 6 9% 11 17%
0,6<=E<0,7 7 11% 8 13%
0,7<=E<0,8 4 6% 4 6%
0,8<=E<0,9 3 5% 2 3%
0,9<=E<1 3 5% 1 2%
E=1 7 11% 25 39%
TOTAL 64 100% 64 100%

Source: our elaboration based on data from AIDA - Bureau van 
Dijk.

Tab. 5. DEA model: Efficiency score and slack analysis.

DMU
Id. Number slack.x1 slack.x2 slack.x3 slack.y1 eff_CRS eff_VRS Se Returns 

 to scale

8 0.00 0.00 0.00 0 1.00 1 1 CRS
74 0.00 0.00 0.00 0 1.00 1 1.00 CRS
17 0.00 0.00 0.00 0 1.00 1 1.00 CRS
63 0.00 0.00 0.00 0 1.00 1 1.00 CRS
55 0.00 0.00 0.00 0 1.00 1 1.00 CRS
180 0.00 0.00 0.00 0 1.00 1 1.00 CRS
28 0.00 0.00 0.00 0 1.00 1 1.00 CRS
15 0.00 0.00 0.00 0 0.99 1 1.00 DRS
46 0.00 0.00 0.00 0 0.99 1 0.99 IRS
10 0.00 0.00 0.00 0 0.90 1 0.90 DRS
126 0.00 0.00 0.00 0 0.89 1 0.89 IRS
97 0.00 0.00 1.65 0 0.76 1 0.76 IRS
171 0.00 0.00 12.37 0 0.51 1 0.51 IRS
100 0.00 0.00 0.03 0 0.48 1 0.48 IRS
102 0.00 88,017.58 0.00 0 0.46 1 0.46 IRS
103 0.00 3,106.71 0.00 0 0.42 1 0.42 IRS
157 0.00 0.00 0.61 0 0.39 1 0.39 IRS
143 0.00 0.00 2.31 0 0.35 1 0.35 IRS
162 0.00 160,324.47 0.00 0 0.34 1 0.34 IRS
123 0.00 3,085.32 1.38 0 0.30 1 0.30 IRS
134 0.00 9,354.65 0.00 0 0.23 1 0.23 IRS
79 0.00 58,204.22 5.34 0 0.18 1 0.18 IRS
253 0.00 0.00 0.04 0 0.07 1 0.07 IRS
223 0.00 34,593.37 0.00 0 0.05 1 0.05 IRS
188 0.00 0.00 0.01 0 0.01 1 0.01 IRS

Source: our elaboration based on data from AIDA - Bureau van Dijk.



44 I. Bernetti, V. Alampi Sottini, M. Cipollaro, S. Menghini

tive significance tests (Tab. 6), we can notice that the 
per capita turnover shows weak and not statistically 
significant relationships with the profitability indexes, 
while its relationships with the efficiency scores (ES) 
obtained from the CRS DEA and VRS DEA model are 
positive and statistically significant. On the other hand, 
the profitability ratios show strong relationships between 
them. In addition, ROI and ROA show positive, moder-
ate and statistically significant relationships with the ES 
obtained by implementing the CRS DEA model. Lastly, 
the efficiency scores obtained by implementing the CRS 

DEA model show a moderate and statistically significant 
positive relationship with the ES obtained by formaliz-
ing the VRS DEA model.

3.3. Kruskall Wallis test

The results of the Kruskal Wallis test are shown in 
Table 7. This analysis shows that there is a significant 
difference among the core values forthe three groups in 
terms of profitability, but not in terms of efficiency and 
productivity.

4. DISCUSSION

The profitability analysis shows that on average ROA 
and ROI have positive values for the set of observations 
included in the present paper. However, the sample has 
a negative value for ROE, which means that, in aver-
age terms, the companies under study are running at a 
loss and their economic imbalance is eroding the equity 
capital invested in the company. Nevertheless, in medi-
an terms, the three profitability indicators show values 
higher than zero, highlighting that 50% of the enter-
prise shave higher performances than average and posi-
tive ones. The result confirms the findings highlighted in 
the scientific literature (Garavaglia, 2009), according to 
which companies operating in the craft beer segment are 
able to achieve rather high levels of profitability.

On the side of the productivity analysis, the aver-
age per capita turnover of the macro category for the 
brewing sector, i.e. «Beverage industry» (code 11-ATE-
CO 2007 classification) can be considered as the refer-
ence term. Since the sample is mainly made up of micro 
enterprises, this information is calculated considering 
only the firms belonging to code 11, and that count less 

Tab. 6. Spearman correlation index.

Per capita turnover ROI ROE ROA Efficiency score 
CRS

Efficiency score 
VRS

Per capita turnover 1
ROI 0.21 1
ROE 0.13 0.68**** 1
ROA 0.18 0.95**** 0.69**** 1
Efficiency score 
CRS 0.55*** 0.49*** 0.19 0.46** 1

Efficiency score 
VRS 0.49**** -0.03 -0.01 -0.03 0.42*** 1

p< .0001=**** ; p < .001=***; p < .01=** p < .05= *
Source: our elaboration based on data from AIDA - Bureau van Dijk.

Tab. 7. Kruskal Wallis test.

Age<5 
n=16

5<Age<10 
n=29

Age>10 
n=18

Kruskal 
Wallis test 
(p-value)

ROI
Mean 0.71 2.68 8.46 8.78*
Median 2.67 3.75 9.38 0.01

ROE
Mean -0.5 -14.0 11.0 10.47*
Median 3.0 1.1 9.7 0.00

ROA
Mean 0.47 1.18 5.68 8.70*
Median 1.80 2.55 4.95 0.01

Per capita 
turnover 
Mean 119,622 154,208 122,897 0.74
Median 110,310 129,810 126,190 0.12

Es – CRS
Mean 0.42 0.53 0.62 4.23
Median 0.41 0.57 0.58 0.12

The Chi-square critical value is 5.99 (df =2 and alpha=0.05)
Source: our elaboration on data from AIDA - Bureau van Dijk.
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than 9 employees: for the beverage industry, this value 
reaches 238,151 euro, twice the value of the companies 
operating in the brewing sector (ISTAT, 2014).

The efficiency scores of the DEA-CRS model show 
values of about 0.5 on average. The breakdown of the 
global technical efficiency into technical efficiency and 
scale efficiency reveals that on average, the sources of 
inefficiency are to be found both in the inability of the 
managers to govern the inputs and in the fact that com-
panies operate at sub-optimal levels of scale. Moreover, 
only 7 out of 64 companies are both technically and 
scale efficient.

The results of the correlation analysis highlight a 
strong linear positive relationship between profitability 
ratios. The productivity and efficiency indexes show a 
positive correlation. The CRS efficiency scores show pos-
itive butmoderate correlations (Spearman rho <0.5) with 
ROI and ROA. The profitability and productivity indexes 
showa weak and not statistically significant correlation.

The result is in line with the scientific literature, 
which points out that a company that achieves good 
results in terms of profitability not necessarily attains 
good performance in terms of productivity or efficien-
cy. Especially for small-sized companies, performance 
strongly depends on the entrepreneur’s contribution 
in terms of personal resources (capital and labour): 
in this case the imputed costs are consistent, and the 
net income for the entrepreneur provesto be very low. 
In such companies, the entrepreneur settles with a 
lower return level than the one attainable in the mar-
ket (opportunity cost) for his/her invested capital and 
labour. In such conditions, the company operates with 
negative profit levels but positive income levels.

The Kruskal Wallis test was included because in the 
scientific literature, company age is considered a variable 
that can influence the company’s performance (Coad et 
al., 2013). Generally, companies that have been operat-
ing on the market for longer are associated with higher 
performance, both in terms of profitability and produc-
tivity. The higher levels of performance are attributable 
to learning by doing and selection effects (Coad et al., 
2013). However, the results are not always consistent 
with these considerations. In fact, in some cases «old-
er» companies may be affected by senescence and iner-
tia (Coad et al., 2013), with consequent negative effects 
on productivity and profitability. For such companies, 
the propensity to have a lower return of imputed costs 
becomes higher.

In the case of our study, however, the test revealed 
a significant difference in terms of profitability but not 
in terms of efficiency and productivity among the core 
values for the three different groups identified. The rea-

sons behind this result need to be further investigated. 
However, the higher profitability of those companies 
that operate in the market for several years is confirmed 
in the literature.

The description and the analysis of the results in 
terms of productivity/efficiency is more complex. The 
limitation of the technical/economic resources that small 
businesses face and that prevent them from investing in 
the company in terms of both workforce and equipment 
might be one of the reasons that lead to this result.

However, as highlighted above, the DEA model 
revealed that technical inefficiency is linked to both 
management limitations and very small-scaleproduction. 
Nevertheless, the small production scale of these compa-
nies may reflect a precise strategic choice and not a limit. 

5. CONCLUSIONS

In recent years, the proliferation of microbrewer-
ies has gained international relevance and become a 
significant phenomenon in Italy, where it highlighted a 
national beer tradition for years «squashed» by both the 
strong vocation of the Italian wine production (Esposi-
ti et al., 2016; Fastigi et al., 2017; Garavaglia, 2015) and 
the typical Mediterranean model of food consump-
tion (Marinelli et al., 2014). In this paper, a perfor-
mance investigation of the companies operating in the 
beer market was carried out, associating the analysis of 
technical efficiency with the more traditional analyses 
of profitability and productivity. The study allowed us 
to obtain information on both the state of health of the 
companies and the choices that the entrepreneur makes, 
according to the characteristics of the production reality 
he/she manages and the market in which he/she oper-
ates.

In this regard, the results of the analyses revealed 
that, in average terms, the companies examined oper-
ate atsignificantly lower levels of productivity than the 
average for the reference sector. Moreover, they operate 
under a condition of technical inefficiency. The break-
down of the global technical efficiency into technical 
efficiency and scale efficiency reveals that, on average, 
the sources of inefficiency are to be found both in the 
inability of the managers to governthe inputs and in 
the fact that companies operate at sub-optimal levels of 
scale. An explanation for these results can be the limita-
tion of the economic/technical resources that the small 
companieshave to deal with and that prevent them from 
growing. However, the fact that the companies decided 
not to increase their production scale can also reflect 
a precise strategic choice of the microbreweries them-
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selves: even if one of the main short-term objectives of 
MSMEs is to increase their size to reach the optimum 
level of scale, for craft breweries their «small» size may 
represent, on the contrary, a survival strategy for contin-
uing to operate in their niche market.

The results can also be justified by the level of uti-
lization of the plants in relation to their technical and 
operational potential. In this regard, an analysis con-
ducted by Obi Art (2018) at national level on a sample of 
about 100 micro breweries showed that only a small per-
centage (<75%) of companies is exploiting their plants to 
maximum potential, thus using the available capital and 
workforce at a high level of efficiency. On the contrary, 
most of the companies showed a level of plant utiliza-
tion not above 75% of the maximum utilization poten-
tial. In some cases, the companies were still in a phase 
of growth, having started their business only recently; in 
other cases, the companies reported some problems in 
increasing their production volumes due to the difficul-
ties of placing further quantities of final product on the 
market.

In contrast to the previous analyses, profitability 
proved to be positive for two out of three indexes. This 
can be explained by the fact that the micro brewer-
ies under study operate in the higher quality «specialty 
beers» segment, and that the prices of their products, 
for example in large retail outlets, are more than double 
those of high-quality «specialty beers» of industrial ori-
gin (Unionbirrai ObiArt, 2018).

The results of our analyses also showed the coexist-
ence of companies operating at high levels of perfor-
mance in terms of profitability, productivity and efficien-
cy and companies that, on the contrary, are in critical 
conditions. This is confirmed by the scientific literature, 
according to which, in Western markets, few MSMEs 
are able to succeed and grow, while the majority remain 
small, or exit the market definitively (Birley, Westhead, 
1990; Lewis, Churchill, 1983). As indicated in the litera-
ture for other countries (Cabras, Bamforth, 2015), Italy 
is also undergoing some transformations within the 
craft beer segment. These changes reveal thatonly a lim-
ited number of brewing companies are expanding signifi-
cantly (both in terms of employees and turnover), while 
most of them remain very small and only operate in local 
markets. This phenomenon is still in an embryonic stage 
and represents a topic to develop with further studies, 
through which the factors that determine positive or neg-
ative performance for craft breweries can be identified.

A further development of this paper may consider 
the integration of further variables in the model, vari-
ables that can also be of a qualitative nature, and that 
take into account the characteristics of the entrepreneur/

manager, the skills of the workforce and the investments 
that micro breweries make in research and innovation.

The scientif ic literature suggested different 
approaches for the evaluation of company performance, 
approaches based on the use offinancial, non-financial 
performance indexes or a combination of both (Che-
nall, Smith, 2017; Devinney et al., 2009; Ndurupati et 
al., 2011). Specific models have been proposed for small 
companies, in particular the Resource-Based View 
(RBV) has already been applied to the beer sector by 
Duarte Alonso et al. (2016).

The results of this further analysis might show how, 
in many cases, entrepreneurial choices are made not 
only to serve economic objectives, butare also inspired 
by non-economic personal aspirations and sometimes 
antithetical to profitmaximization. The apparent incon-
sistency of some of the results reported in this paper 
would then find detailed explanations, representing a 
form of resilience of the companies that compensate for 
lower performance by accepting lower levels of income 
for those production inputs directly provided by the 
entrepreneur.

It would be interesting to analyse the results 
obtained for specific categories of micro breweries. 
Among them, agri breweries (Francioni et al., 2019) play 
an interesting role. These are a type of craft brewery only 
recently recognized by the Italian legal system, and rep-
resent a peculiarity because they are the link between 
the primary sector and the beer processing sector, the 
latter always considered as an exclusively industrial pro-
duction system.
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Abstract. This paper investigates how consumers knowledge of the EC list (reg. (EU) 
432/2012) can affect their understanding of health claims (HC). Despite the existence 
of a rigorous regulation on the communication of health benefits attributed to func-
tional foods (reg. (EC) 1924/2006), there are still doubts about the efficacy of legisla-
tion. In fact, the information conveyed by HC does not always reach the consumer in 
a clear and understandable way, making the consumer skeptical. This paper proposes 
an empirical analysis to verify if this effect could be mitigated in case that the con-
sumer knew the European register of HC. The results show how consumers skepticism 
is linked to trust and assessment problems that contribute to limit the HC efficacy and 
provide new elements to improve the health benefits regulation.

Keywords: functional food, regulation, health claims, credence goods, food choice.
JEL codes: Q01, Q1, M31, D12.

1. INTRODUCTION

Nowadays, consumers are increasingly interested in the relationship 
between consumption and its effect on health. This interest generated the 
need to respond to a growing demand for information about the health ben-
efits of food products, especially in the case of functional foods. In this con-
text reg. (EC) 1924/2006 was introduced in order to assure consumers that 
HC posted on the label or used by advertising are correct, understandable 
and scientifically tested. In fact, one of the specific objectives of reg. (EC) 
1924/2006 (art. 13) is that the information conveyed by the HC reaches «well 
understood by the average consumer» in a clear and understandable way. If 
the legislation does not achieve this main goal consequently, consumers will 
remain skeptical towards the purchase and consumption of functional foods 
and regulation will lose its efficacy.

This paper proposes an empirical analysis to verify if HC legislation 
helps to alleviate consumers skepticism by providing them with a clear and 
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intelligible health information. Since it does not always 
occur, it creates confusion among consumers in the 
choice of healthy foods (Meijboom, 2007) because they 
do not seem to understand claims. Concerns about the 
effects of food on personal health are the reason for a 
progressive expansion of the functional foods consump-
tion. The estimates of the size of market for functional 
food are not consistent (Bech-Larsen, Grunert, 2003; 
van Trijp, van der Lans, 2007; Jago, 2009; Falguera  et 
al., 2012), yet studies agree on rapid growth of the sec-
tor in the near future though the regulation does not 
push innovation in the EU food sector (Khedkar et al., 
2017). Regulation and information are key issues that 
can potentially hinder future growth (Vicentini et al., 
2016). Recent studies show that there is a high percent-
age of consumers who are interested to functional foods 
consumption for disease prevention (Plasek et al., 2020).

The relevance of the sector has made functional 
food an interesting research field in the scientific debate. 
Despite the positive trend registered in health-food 
consumption (Lau et al., 2013; Grunert, 2017) consum-
ers seem to be skeptical toward the purchase of func-
tional foods (Krystallis, Chrysochou, 2012; Fenko et al., 
2016), although the effects on health are based on sci-
entific evidence (reg. (EC) 1924/2006). According to the 
study provided by Nelson (1970), functional foods are 
configured as credence goods. This feature as credence 
good may create, in the absence of public intervention, 
a market failure deriving from erroneous assessment by 
consumers of expected health benefits. To mitigate the 
effects of information asymmetry a European register 
of health  was established (reg. (EU) 432/20121) where 
each claim specifies the health benefits associated with 
functional food whereby an authorization to use has 
been issued. After its adoption, some doubts remain in 
the literature about the ability of the register to solve the 
asymmetry in practice (Bech-Larsen, Scholderer, 2007; 
van Trijp 2009; Walker, 2017).

This paper provides an empirical survey on 202 pur-
chasers of Italian food to evaluate the efficacy of Europe-
an Commission’s list. In fact, the information conveyed 
by HC seems not to reach always the consumer in a clear 
and understandable way. This consideration means that 
European legislation does not always reach its goals. For 
this reason the paper aims to identify any systematic 
determinant of trust and assessment problems. Results 
reveal how the efficacy of the information conveyed by 
HC is undermined by two factors. The first relates to an 
erroneous assessment of HC by consumers. The second 
concerns the rules that producers must comply with in 

1 The list of authorized indications was established by reg. (EC) 
432/2012 and subjected to continuous updates.

order to obtain authorization for use of HC. These rules, 
although rigorous seems to be unknown to consumers. 

The efficacy information analysis on the HC was 
made using different approaches from the experimental 
to the theoretical-empirical. Currently, in the economic 
literature, the studies about efficacy of rules are relatively 
rare and not systematic. This paper intends to contribute 
on debate to setting an adequate and effective European 
legislation on HC because functional food is becoming a 
sector of particular importance that can reduce the risk 
of disease.

2. BACKGROUND

2.1. Functional food literature framework

The term «functional food» refers to fresh or pro-
cessed foods that, if included in a balanced diet, can help 
to improve the consumer well-being and state of health 
(eg. Diplock et al., 1999). A scientific consensus was 
reached on the definition of functional food. Specifically 
a food can be defined as functional «if a beneficial effect 
on one or more biological functions of the organism is 
demonstrated».2 Subsequently, the scientific literature 
proposed a classification of functional food (e.g. Bigliar-
di, Galati, 2013). Precisely the topic has been widely cov-
ered also in the law literature (e.g. Petrelli, 2011; Strambi, 
2016). In recent decades, agri-food companies have relied 
on health features in an attempt to create greater value for 
the consumer and differentiate their offerings. However, 
this strategy found a constraint in the credence nature of 
functional foods health attributes, because not all consum-
ers believe in the health benefits associated with functional 
foods. Consumers are not able to fully assess the health 
effects of functional foods. In fact the conditions are cre-
ated for a possible market failure due to an asymmetry of 
information. According to a typical Akerlof model (1970), 
the deviation to the social optimum (perfect information) 
can emerge for two interrelated reasons. Whilst consum-
ers could exhibit a willingness to pay for functional foods 
less than that in the case of complete information, pro-
ducers could act opportunistically and try to induce the 
consumer to overestimate non-functional foods. In this 
context, producers do not necessarily have incentives to 
provide correct information to consumers (e.g. Russo, Tufi 
2016, unlike Milgrom, Roberts, 1986). Information asym-
metry on functional foods, therefore, can distort purchas-
ing behavior and productive allocation to the detriment of 
consumers and high quality producers.

2 The European Commission Concerted Action on Functional Food  
Science in Europe (FUFOSE).
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Some studies have identified the imperfect con-
sumer information as a significant determinant of the 
gap between potential demand and expressed demand 
for functional foods (Annunziata et al., 2011) despite 
the legislator prepared a regulatory intervention aimed 
at encouraging correct information to consumers and 
the markets efficiency (the reg. (EC) 1924/2006). Infor-
mation and communication plays an important role 
in reducing this phenomenon. Often correct labeling 
of functional foods is identified as a desirable solution 
for limiting the effects and the presence of asymmetric 
information (Malla et al., 2005). The regulation does 
not define the term of «functional food» but regulates 
nutrition and HC, in particular how companies can 
convey information to the consumer on the product 
label or through advertising to prevent the release of 
false information and prevent market failure. To pro-
vide full transparency to consumers and food operators 
a European public registry contains a list of nutrition 
and HC to be authorized to use or rejected. The HC is 
the main tool used by companies to inform consumers 
of the healthy effects of functional foods, if these are 
not well known (Annunziata et al., 2012). Some studies 
suggest that HC are mostly perceived positively by con-
sumers (Van Buul et al., 2015) and allow them to make 
informed purchase choices (Leathwood et al., 2007).

 Empirical studies highlight two problems in reading 
HC. The first concerns the assessment, or the ability of the 
consumers to interpret (understand) the claim correctly 
and to evaluate the effects on health (Tonkin et al., 2016). 
Secondly it concerns the trust that consumers have in the 
claims that are correctly understood. Empirical evidences 
show that skepticism in consumption negatively affects 
the demand for functional foods (Fenko et al., 2016) 
especially when consumers perceive functional foods like 
pharmaceutical food rather than a substitute for the con-
ventional food (Stein, Rodriguez-Carezo, 2008). 

Other empirical studies on functional foods 
demand have jointly analyzed the issues of trust and 
assessment, trying to estimate a synthetic indicator of 
consumer attitude: his willingness to pay (WTP) that 
depends on both trust and understanding of the claims. 
In particular, the literature investigated the factors 
influencing the WTP for functional foods and, conse-
quently, influencing consumption decisions (Vecchio 
et al., 2016; Pappalardo et al., 2016; Annunziata et al., 
2016, Wongprawmas et al., 2015). Although consumers 
are willing to allocate part of their income to purchase 
food products with health benefits (Larue et al., 2004), 
the sector’s profit margins depend on the producers’ 
ability to identify the right consumers target for each 
specific product (Bonanno, 2012).

In general, studies agree on a strictly positive WTP 
of consumers, who recognize that functional foods, con-
sumed in a balanced lifestyle, offer potential for improv-
ing health (Van Trijp et al., 2007; Krystallis et al., 2008; 
Goetzke et al., 2014). However, many research stud-
ies highlight confusion in consumers perceptions and 
assessments (eg. Williams et al., 2005). 

Despite of the existing regulation, empirical stud-
ies confirm assessment problems and, to a lesser extent, 
trust problems. These results gave rise to a literature 
aimed at understanding the motivational aspects of 
functional foods consumption and to assess the commu-
nication efficacy (Verbeke, 2008; Tudoran et al., 2009.; 
Visschers et al., 2010; Grunert, et al., 2011; Dean et al., 
2012; Wills et al., 2012; Nocella et al., 2012; Chan et al., 
2013; Lähteenmäki, 2013, Hung et al., 2017). The answer 
to this growing demand for correct information trans-
lates into the proposal by some authors to make changes 
to the rules relating to claims (Chan et al., 2005) and in 
the use of a qualitative-quantitative approach that shows 
how an acceptable number of consumers can understand 
nutrition and health information (Leathwood et al., 
2007). 

Our paper contributes to this literature to evaluate 
the problems of trust and assessment in functional foods 
demand, and to identify any systematic components and 
regulatory proposals able to mitigate the information 
problem.

3. METHODOLOGY, SURVEY PROCEDURES AND 
MATERIALS.

This paper reports the results of an empirical survey 
on consumers of Italian food products – testing for the 
existence of trust and assessment problems and to iden-
tify any exogenous factor systematically associated with 
them. The qualitative data used in this research were 
obtained through questionnaires, conducted online. 
Cross-sectional data were collected from 202 Italian 
consumers. The self-administered questionnaire con-
tained questions with closed-ended response alternatives 
and used samples and standardized questions in order to 
carry out a structured interview. 

The content validity of the questionnaire was ascer-
tained with a pre-test and from a pilot survey. Subse-
quently, a database was developed to support the pro-
cessing in order to systematize the collected data into 
STATA and SPAD dataset.

Compared to the existing literature, it does not pur-
sue exact quantification of consumer’s WTP and does 
not provide quantitative estimates of the distortion in 
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the evaluation. The choice is driven by the purpose of 
obtaining an assessment that is robust with respect to 
the assumptions informing quantitative estimates of 
WTP. 

Methodological approach relies on consolidated data 
reduction techniques. The advantage of this approach 
is the ability to analyze separately the two issues. The 
survey also captured the demographic profile of the 
respondents. Table 1 describes the characteristics of 
the participants by gender, age, education. Gener-
ally, respondents are female and the age classes are not 
homogeneous distribution. With regard to the educa-
tional level, mostly consumers had a high school diplo-
ma (38.61%) and graduation degree (33.66%).

The questionnaire was designed to analyze three 
areas of priority: i) knowledge of the legislation and the 
validation process of claims by third parties (European 
Commission registry); ii) the ability to discriminate true 
claims from false ones iii) the ability to understand the 
meaning and implications of the claim. Our goal is to 
test empirically the hypothesis that European Commis-
sion registry really affects the understanding of the HC. 

Questionnaire was divided into three sections. The 
first section collects general information of interviewee 
and verifies consumers’ knowledge of functional foods 
and HC, the frequency and motivation to purchase, the 

identification of communication tools that influence the 
foods purchasing process, functional and correct assess-
ment of HC. The second section analyzes the influence 
of HC regulation during the process of purchasing func-
tional foods. The questions were structured in order to 
investigate consumer awareness about the existence of the 
European register of HC and its main function, aimed at 
preventing the circulation on the market of claims not 
approved. The respondent was asked to indicate accord-
ing to his knowledge, if HC authorized by EU register and 
attributed to some Italian «private label» of famous func-
tional foods, were true, false, or confirm the hypothesis of 
a lack of information with a «do not know». In particu-
lar, the merchandise categories are milk/dairy products 
and cereal food products where have been considered as 
functional ingredients plant sterols/probiotics and dietary 
fiber. In addition, according to the answers given partici-
pants were asked to indicate their motivation through the 
proposed structured alternatives (Tab. 2).

At this point, the respondent is asked to indicate 
which of some proposed solutions could be more effec-
tive to increase confidence in the information conveyed 
by the HC. Among the solutions,   the interviewees pro-
poses by the establishment of a European public register 
just to confirm or not that they are knowledge about. 
The third and final section aims to test whether consum-

Tab. 1. Respondents’ distribution by socio-demographic profiles 
(n=202).

Freq. Percent Cum.

Age
15-24 11 5.45 5.45
25-34 69 34.16 39.60
35-44 55 27.23 66.83
45-54 38 18.81 85.64
55-64 21 10.40 96.04
65-74 8    3.96 100.00
Total age 202 100.00

Gender
Female 120 59.41 59.41
Male 80 39.60 99.01
Missing Value 2 0.99 100.00
Total gender 202 100.00

Education
Graduation 68 33.66 33.66
High school diploma 78 38.61 72.28
Middle school diploma 11 5.45 77.72
Phd/Master/Specialization 30 14.85 92.57
Professional qualification 15 7.43 100.00
Total education 202 100.00

Tab. 2. Items defining about the understanding and trust in the 
health claim.

Health claim Knownledge 
degree Motivation

A. Bifidobacterium 
BB12 (or bifidus) 
promotes the balance 
of intestinal flora.

B. Beta-glucans that 
help maintain normal 
blood cholesterol 
levels.

C. Vitamin K, zinc 
and manganese that 
help maintain bone 
health.

D. Plant sterols that 
help reduce blood 
cholesterol.

E. Zinc and folic acid 
that help the immune 
system function.

True

1. I know it because seen/ heard 
through Tv/ Radio/ Web. (T1)
2. I trust of the information in 
health claims. (T2)
3. Usually, I use products that 
have this health claim. (T3)

False

1. False I know the properties of 
the health component (F1).
2. False I feel that is misleading 
(F2).
3. False I don’t trust the content 
of health claims (F3).

I do not 
know

1.From the health claim I do 
not understand the health 
benefits .(NK1)
2. I can not associate the active 
ingredient of the health claim 
with health benefits mentioned. 
(NK2)
3. I know other foods that 
provide the same healthy 
benefits. (NK3)
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ers are aware of the existence of an institution responsi-
ble for ensuring that the benefits conveyed by the HC is 
substantiated by scientific evidence.

4. RESULTS AND DISCUSSIONS.

The results reveal how the information efficacy 
conveyed by HC is undermined by two factors, based 
on information asymmetries in the market. The first, 
relates to an erroneous assessment of HC by consum-
ers. The second concerns the rules that producers must 
comply in order to obtain authorization for use of HC. 
These rules, although stringent, seem to be unknown 
to consumers. In fact, consumers do not seem to know 
the regulation establishing a European register of HC. 
Consumers have been asked indirectly to express their 
opinion about the knowledge of the EC registry or rath-
er to answer the question on the possible solutions to be 
adopted to increase belief in the information convoyed 
by HC (Fig. 1).

The questionnaire developed items to collect infor-
mation about consumers’ knowledge and belief regard-
ing specific HC. Then consumer profile by applying 
clustering techniques to each group of question was 
built. The interpretation of each cluster provides us a 
parsimonious representation of individual consumers’ 
beliefs and understanding toward each HC proposed. 
Table 3 illustrates the four emerging clusters and their 
interpretation. Also, in Appendix Figure A.1., A.2. and 
A.3. reports for each cluster socio-demographic aspects. 
Cluster analysis results show an identification of the ele-
ments that affect the trust and assessment of the claim 
and can be interpreted as consumers’ attitude.

χ2-test is used to evaluate if there were the conditions 
to analyze into the clusters and for each claim considered 
the knowledge of the public registry. It appeared that 
most respondents, they do not know in the public regis-
ter even mentioning the most famous claim. All claims 

considered are significantly associated with the lack of 
information about the public register (p<0,01) (Tab. 4).

A χ2 association test allowed to reject the null 
hypothesis of independence between the HC and 
the public registry form at 99% confidence level. The 
test statistic χ2, which is larger than the critical value 
χ2(0.01,24) = 42,98. The data supports the conclusion of 
an association between the lack of understanding of the 
claim and the knowledge of the EC registry.

In particular, results show that consumers have 
serious difficulties to make a proper assessment of the 
health benefits provided by the HC (for example, they 
are unlikely to associate the active ingredient to the 
HC with the benefit the healthy conveyed). Further-
more, the lack of information of consumers about the 
regulation that supports the communication of health 
benefits is manifested in two different aspects. At first, 

Fig. 1. Consumer knowledge of the European public registry (%).

0
10

20
30

40
50

P
er

ce
nt

Answer 1

Answer 2

Answer 3

Answer 40

Knowledge of European Public Registry

Answer 1: Organization of public information events; Answer 2: 
Establishment of a European public register; Answer  4: Increased 
supply of food with health claims; Answer 5: Increase in purchasing 
behavior with health reasons.

Tab. 3. Consumers profiling for assessing  to health claims in the EC registry.

Emerging consumers profile Cluster description

Cluster 1/4 Moderately unaware 
consumers

Consumers who are unable to associate the active ingredient to the healthy effects conveyed 
by claims. However, they could potentially know the public register.

Cluster 2/4 Aware consumers Consumers who trust the content of health claims they could potentially know the public 
register.

Cluster 3/4 Moderately aware 
consumer

Consumers who trust the content of health claims, because they listen on TV, they could 
potentially know the public register.

Cluster 4/4 Unaware consumers
Consumers who consider the claims to be misleading or that associate claim with other foods 
of usual consumption (provide the same health benefit). These consumers say they do not 
know the public register).
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consumers do not know the legal existence of the sys-
tem that imposes strict requirements that manufactur-
ers must meet to obtain approval of a HC. On the other 
hand, consumers are completely unaware of the exist-
ence of the European public HC register and of the 
body responsible for certifying the scientific proof of the 
health benefits communicated by them, prior to issuing 
the authorization for use. The information conveyed by 
HC does not always reach the consumer in a clear and 
understandable way. This effect could be mitigated if the 
consumer knew the European register of HC.

5. SUMMARY AND CONCLUSIONS. 

Consumers have serious difficulties to make a prop-
er assessment of the health benefits provided by the HC 
(for example, they are unlikely to associate the active 
ingredient to the HC with the benefit the healthy con-
veyed). This lack of information about regulation could 

be due in part to the omission by producers and/or large 
buyers (in the case of a functional private label foods) 
of a normative reference on the package which relates 
to the European registry of HC. This confusion could 
be fueled by the existence under a private label itself of 
products aimed at improving the wellbeing and health, 
they both functional and nutritional, whose informa-
tion is transmitted respectively by the HC and nutrition 
claims. Both products prelude to obtain beneficial effects 
on health by feeding the consumer a wrong perception 
of the health consumer. A clear distinction between a 
health food and a nutritional food would mean direct-
ing health-conscious consumers exclusively towards the 
purchase of functional foods to detriment of nutrition-
al foods demand, tracing a clear line between the two 
demand segments (e.g sodium-free foods would end up 
being purchased exclusively by those requiring a low-salt 
diet).This deviation in health aspect perception induces 
the consumer to buy the food product regardless of the 
type of claim declared. These considerations contribute 

Tab. 4. χ2 Pearson-Test for different healt claim.

Health Claims Consumers profile T1 T2 T3 F1 F2 F3 NK1 NK2 NK3

Bifidobacterium BB12
promotes the balance of intestinal flora.

Moderately unaware consumers 10 6 2 1 0 1 2 19 1
Aware consumers 2 22 2 0 1 0 0 1 1
Moderately aware consumers 22 1 0 0 24 20 0 2 0
Unaware consumers 8 9 28 1 23 4 18 23 11

χ2 (24) = 224.4917   Pr = 0.000

Beta-glucans that help maintain normal blood 
cholesterol levels.

Moderately unaware consumers 1 1 0 0 2 3 1 34 0
Aware consumers 1 15 0 0 0 0 7 6 0
Moderately aware consumers 14 0 0 0 2 0 5 2 2
Unaware consumers 4 3 13 5 24 5 26 9 17

χ2 (24) = 245.0168   Pr = 0.000

Vitamin K, zinc and manganese that help 
maintain bone health.

Moderately unaware consumers 1 2 2 1 3 1 0 32 0
Aware consumers 1 21 1 1 0 0 1 3 1
Moderately aware consumers 16 1 3 0 0 0 1 3 1
Unaware consumers 4 4 13 15 5 5 36 3 21

χ2 (24) = 297.7506   Pr = 0.000

Plant sterols that help reduce blood 
cholesterol.

Moderately unaware consumers 1 5 4 0 0 0 1 30 1

Aware consumers 3 20 0 0 1 1 0 4 0

Moderately aware consumers 19 1 1 0 0 0 1 2 1
Unaware consumers 9 5 13 8 13 6 27 7 18

χ2 (24) = 249.8423   Pr = 0.000

Zinc and folic acid that help the immune 
system function.

Moderately unaware consumers 0 1 3 1 1 0 5 30 1
Aware consumers 0 18 0 1 2 0 1 4 3
Moderately aware consumers 10 0 0 1 1 7 7 6 0
Unaware consumers 2 3 12 13 16 7 25 5 23

χ2 (24) = 243.0051   Pr = 0.000
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to the current challenge pursued by European policy to 
stimulate better communication of the benefits offered 
by functional foods to ensure a better understanding of 
the information from legal sources, which we assume 
that they have greater reliability.
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Abstract. The profound changes in European policy for farms advisory services (FAS) 
require a period of experimentation and results observation before the new CAP 2021-
2027. This paper focuses on Measure 2 of Rural Development Programme (RDP) 2014-
2020. The paper is focused on the description of case studies in three Italian regions: 
Campania, Emilia-Romagna and Veneto. Different Measure 2 – sub-measure 2.1 mod-
els are analyzed through a qualitative approach, using a conceptual framework adapted 
by Birner et al. (2009). The paper contributes to the ongoing debate in the scientific lit-
erature on the strengths and weakness of policy intervention focused on tailored advi-
sory services to force a broader Agricultural Innovation System.
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1. INTRODUCTION

Innovation in the agricultural sector is considered the main strategy to 
improve food production, multifunctionality and agricultural sustainability. 
In this scenario, policy makers worldwide and especially in the European 
Union (EU) are structuring a new toolbox to implement more efficient public 
policy to foster knowledge and innovation in rural areas. Among the most 
important tools, agricultural advisory services have regained importance 
(Knierim et al., 2017). Moreover, the framework developed for the next pro-
gramming period 2021-2027 stresses the importance of interaction among 
different operators working in the field of agricultural information, through 
the establishment of new networks and new subjects, like operational groups 
(Van Oost, 2013; Hermans et al., 2015; Moschitz et al., 2015; Van Oost, 2018).
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In the COM 392/2018 proposal for CAP 2021-2027 - 
Rules on support for strategic plans to be drawn up by 
Member States under the Common Agricultural Policy 
(CAP Strategic Plans) and financed by the EAGF and 
by the EAFRD, the EU’s priority is to promote a knowl-
edge-based rural economy with stronger interventions 
for knowledge transfer and advisory measures.

Several studies have sought to investigate the dimen-
sions of advisory services as main tool to foster innova-
tion adoption (Cristiano et al., 2015; Cristiano, 2012; 
Storti et al., 2010; Vagnozzi, 2008).

There is an ever greater need for knowledge in this 
domain due both to far-reaching changes in the agri-
cultural sector and the new economic, environmen-
tal and social challenges that the sector is facing. New 
dimensions have been assigned to agriculture, in terms 
of strategies, policies and objectives to better support 
genesis processes of shared and coproduced knowledge 
(Cristiano et al., 2015). In this scenario, the role of the 
advisor as a bridge between farms, training and innova-
tion is pivotal to create mutual learning, and open inno-
vation construction and diffusion, in an environment 
of mutual trust and encouragement (Koutsouris, 2012). 
This process also fosters connections and interaction 
among actors within the innovation process (Klerkx et 
al., 2012a and 2012b).

The profound changes in the European policy for 
farms advisory services (FAS) require a period of experi-
mentation and results observation before the new CAP 
2021-2027. Several factors working together could create 
the conditions to reach all types of potential beneficiar-
ies, however small and marginal, of agricultural services 
(Eastwood et al., 2017) and to avoid a «result paradox» 
(Benvenuti, 2000; Bartoli et al., 2014; De Rosa, 2014). 
This paper focuses on Measure 2 of Rural Development 
Programme (RDP) 2014-2020. The Measure is composed 
by 3 sub-measures that support a wide range of opera-
tions for advisory services well connected to different 
European priorities for rural development. The aim is to 
promote the use of farms advisory services for improv-
ing the sustainable management and economic and 
environmental performance of agricultural and forestry 
small and medium-sized farms. This Measure also pro-
motes the training of advisors in order to improve the 
quality and effectiveness of the advice offered and to bet-
ter meet farmers’ needs. 

Only few Italian regions have implemented this pub-
lic intervention. The paper is focused on the descrip-
tion of case studies in three Italian regions: Campania, 
Emilia-Romagna and Veneto. These regions have imple-
mented, using Measure 2 – sub-measure 2.1 (support for 
the use of advisory services) of Rural Development Plan 

2014-2020, three different public intervention models to 
develop the supply of farms advisor services (FAS), to 
stimulate higher rates of farmer participation in agricul-
tural services and to empower human capital and farm-
ers’ attitudes to innovation (EU SCAR, 2012; Touzard et 
al., 2015). The paper contributes to the ongoing debate in 
the scientific literature on the strengths and weakness of 
policy intervention focused on advisory services to force 
a broader Agricultural Innovation System. The key point 
is to build tailored models of providing and financing 
advisory services following peculiarities of regional agri-
culture. The debate about appropriate models for modern 
FAS is affected by the existence of few empirical studies.

2. MATERIALS AND METHODS

Different Measure 2 – sub-measure 2.1 models are 
analyzed through a qualitative approach, using a con-
ceptual framework adapted by Birner et al. (2009). The 
conceptual framework for the design and analysis of 
agricultural advisory services considers five different 
dimensions: contextual factors, the agricultural advisory 
services characteristics, services performance, services 
impact and the central role of the clients (Birner et al., 
2009). In particular, the study focuses on agricultural 
advisory services characteristics. Indeed, due to the ini-
tial stage of implementation of the measures in the dif-
ferent regions, the impact of the FAS and the role of 
clients are not yet detectable. Moreover the contextual 
factors are not analyzed in this study because it focuses 
exclusively on the implementation of the European poli-
cy for the development of regional agricultural advisory 
services. To analyze agricultural advisory services char-
acteristics, four different aspects have been considered: 
governance structure, capacity, management and advi-
sory methods.

The governance structures variables focus on financ-
ing model of agricultural advisory services. The struc-
ture could be financed by public sector, by private sector 
or by farmer-based organizations. The capacity variables 
are related to human capital characteristics (number of 
advisors, skills, experience). The management variables 
focus on management style and on procedures for moni-
toring and evaluating advisory activities. The advisory 
methods focus on methods that are used by the field 
staff of agricultural advisory services in their interaction 
with farmers (Birner et al., 2009).

After description of the policy models based on the 
available public documents, the regional approaches are 
compared using the described aspects. Our empirical 
research is divided into two parts. The first is devoted 
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to describing the three intervention models proposed by 
the Regional Authorities of Campania, Veneto and Emil-
ia-Romagna. In the second part of the study, data, avail-
able in funding applications, related to farm require-
ments, advisors characteristics and budget and expendi-
ture progress will be analyzed. In Campania, Veneto and 
Emilia-Romagna, as Measures 2 sub-measures 2.1 are in 
an early stage of implementation, data are scant. Howev-
er, the available information provides insights for inter-
esting reflections.

3. REGIONAL POLICY MODEL

3.1. Emilia-Romagna Region

The Regional Authority of Emilia-Romagna has 
implemented Measure 2 – sub-measure 2.1 model based 
on three main needs: Focus area 011 - Fostering innova-
tion, cooperation and the development of the knowledge 
base in rural areas, Focus area 02 - Strengthening the 
links between agriculture, food production and forestry 
and research and innovation, Focus area 03 - Fostering 
lifelong learning and vocational training in the agricul-
tural and forestry sectors. The governance structure is 
based on public calls for financing Measure 2 interven-
tions. Regarding to capacity features, beneficiaries of 
public calls are consultants with documented experience 
in the field covered by the call for tenders. For consult-
ants and their advisory bodies to apply, the Regional 
Authority requires approval. The selection of propos-
als is based on three criteria: 1) compliance with the 
needs and objectives of the Focus areas set in the calls, 
2) requested budget, 3) feasibility of the objectives. On 
the part of the target group, farmers’ age and interven-
tion areas falling within zone C (intermediate rural are-
as), zone D (areas with development problems), within 
parks and nature reserves and within vulnerable zones 
identified under the Nitrates Directive are higher valued 
evaluated characteristics. The advisory methods have 
to match with thirteen advisory topics proposed by the 
Emilia-Romagna region (Tab. 1).

The Emilia-Romagna model is structured into 
two steps and is based on a list of consulting projects 
approved by the Regional Authority. Farmers can make 
their choices among the various possibilities included in 
the catalogue. The two phases are:

1 Focus area: European priorities for Rural Development are broken 
down into specific areas of  intervention, known as Focus Areas (FAs). 
The RDP sets out quantified targets against selected FAs outlining the 
Measures and their allocated funding that will be used to reach these 
targets.

1	 to evaluate and publish a consultancy project on 
the «green catalogue» and contextual recognition / 
accreditation of an advisory body;

2	 to identify the farmer concerned and to set the level 
of economic support.
The two phases can be implemented over differ-

ent time spans, even weeks or months, rarely one or 
two years. The main peculiarity of the Emilia-Romagna 
governance model, which differentiates from all other 
regions in Italy and almost all European regions, is that 
a substantial part of the extension service is paid for by 
farmers. The latter pay 40% of the consultancy costs, 
plus 22% VAT and 4% for consultants’ social security 
fund, while the Regional Authority only reimburses 60% 
of the cost. In practice, this funding structure leads to 
an almost equal split between public and private. The 
funds can be booked upon application and the funds 
granted follow a monthly ranking. To guarantee contin-
uous availability until 2020, the total dedicated amount 
(€ 3 million) was divided into nine parts, each activat-
ed every four months. To date, six of the 36 rankings 
scheduled have already been concluded. The monitoring 
of advisory services is done through the reporting docu-
ments. The intervention model doesn’t focus on specific 
advisory methods.

3.2 Veneto Region

The governance structure is based on beneficiaries 
of Measure 2 sub-measure 2.1 that are public or private 
advisory bodies or advisory networks (as described by a 
special regulation on network aggregation forms) with 

Tab. 1. List of advisory activities in the Emilia-Romagna Region.

Topics 

Precision farming and HW and SW applications of precision 
agriculture
Antibiotic resistance control techniques
Biosecurity and animal welfare
Biodiversity and defence of crops from invasive wildlife 
Conservative agriculture and reduction of footprint
Water waste and livestock effluent treatment techniques
Organic agriculture
Methods to reduce nitrates in aquifers
Low-impact defence for control of adversity in agriculture
Adaptation to climate change due to changes in water regimes
Qualitative optimization of water resources
Innovative technologies for irrigation and water saving
Techniques for reducing GHG and ammonia emissions in farms

Source: own elaboration.
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documented experience in the field included in the calls 
and with requirements as provided for by the Ministerial 
Decree of 3 February 2016 concerning «Establishment of 
the farm advisory system in agriculture».

Advisory services consist of a set of interventions 
carried out by advisory bodies to support farms for 
technological / managerial / market changes necessary 
to improve their competitiveness and achieve sustain-
able use of production factors. Therefore, services aim to 
increase the economic and environmental performance 
of farms.

To improve advisors’ specific skills and to better 
specify capacity peculiarities, each tender has specific 
requirements to identify beneficiaries.

The selection of proposals is based on a set of crite-
ria, regarding capacity, advisory methods and manage-
ment futures, that can be summarized in the following 
six below: 1) suitable skills to conduct consulting activi-
ties, 2) characteristics of advisory approach and project, 
3) compliance with the needs and objectives of the focus 
areas set in the calls, 4) compliance with the horizon-
tal objectives, 5) targeting of farmers, 6) coherence with 
needs of intervention area. Public calls are published for 
Measure 2 – sub-measure 2.1 interventions. The finan-
cial support provided by the Veneto Regional Authority 
amounts to 100% of the intervention. There are 18 advi-

sory topics proposed by the regional authority (Tab. 2).
The quantity of advisory activities is estimated using 

standard costs. For each advisory service, the related 
protocols were prepared. This guide briefly describes the 
aims and objectives, the specific technical aspects for the 
service implementation, especially the minimum num-
ber of visits to farms, the intermediate and final outputs 
and the cost. With regard to the latter aspect, for each 
protocol a specific analysis was carried out to identify 
the number of specific working hours (Consultant Work 
Hours - CWH) demanded from the consultant gener-
ally required to perform such services. The unit cost of 
the advisory service was determined by multiplying the 
CWHs by the standard cost (42 euros / hour).

Agricultural advisory activities are divided into two 
types:
-	 basic consultancy;
-	 specialized consultancy.

3.3 Campania Region

Beneficiaries of Measure 2 - sub-measure 2.1 are 
advisory bodies with requirements envisaged by the 
Ministerial Decree of 3 February 2016 concerning 
«Establishment of the farm advisory system in agricul-
ture». Members of advisory bodies have to:

Tab. 2. Lists for advisory activities in the Veneto Region.

Advisory activities Hours of 
work

Unit cost for advisory 
activities (euro)

Optimization of production factors, overcoming critical points, developing opportunities, also through the 
use of RDP measures 15 630

Advice on safety in the company to improve the organization and working conditions 12 504
Credit access opportunities. 25 1,050
Starting farm activities 25 1,050
Introduction of innovative, medicinal or non-food crops into the company 25 1,050
Consulting aimed at  launching direct sales. 25 1,050
Advice aimed at preparing a marketing and communication plan 20 840
Consulting for management digitalization 20 840
Consultancy aimed at mapping and managing risks for the agricultural company 15 630
Animal welfare-oriented advice (dairy cattle) 35 1,470
Animal welfare-oriented advice (beef cattle) 25 1,050
Advice on conditionality (vegetable) 12 504
Advice on conditionality (animal) 12 504
Sustainable management of specialized crops: viticulture 30 1,260
Sustainable management of specialized crops: fruit growing 30 1,260
Sustainable management of specialized crops: horticulture 30 1,260
Sustainable management of specialized crops: floriculture and nursery 30 1,260
Advice on conversion to organic agricolture 30 1,260

Source: own elaboration.
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-	 be registered in professional associations and boards 
for the respective advisory areas;

-	 be qualified for listing in professional associations or 
colleges;

-	 have at least three years’ work experience as consult-
ants in the field of technical assistance or consultan-
cy or in the areas for which the consultant intends 
to provide the service.
Governance structure of Measure 2 is based on ten-

ders with multiple lots, published for financing interven-
tions. Each tender includes different advisory services to 
fund. The aims of this approach are to divide the pos-
sible advisor services in order to increase attraction for 
small-and-medium-sized advisory bodies and reduce the 
number of bureaucratic procedures.

To improve management of advisory services, 
Regional Authority has implemented an inventory of 
advisory activities, comprising a set of activities ana-
lytically described and also provides advisory bodies 
with useful information to draw up the project (amount, 
focus area etc).

To identify the best methodology for applying Meas-
ure 2, a «Regional Catalogue of Advisory Activities» (77 
activities) was discussed by the Committee of Profes-
sions and Professional Associations/Colleges (Tab. 3). To 
better define farmers’ needs, advisory methods, connec-
tions among different actors to facilitate innovation dif-
fusion and to establish priorities for FAS, the Regional 
Authority set up the Orientation Committee of the Agri-
culture Advisory System (D.G.R. n. 112 - 07.03.2017). 

Tab. 3. Lists for advisory activities in the Campania Region.

Topics Advisory activities

Innovative agricultural production 1 - 45 - 61 - 64
Biomarketing 2
Organic Farming 3 - 4 -5 - 6  - 7 - 8
Biodiversity 9
Landscape 10
Agriculture, Forestry and Pasture Activities harmonisation 11
Improvements in Energy Efficiency and Biogas 12 - 55 
Organic Fraction Management from either Livestock and Oil Mill Wastes 13 - 24 - 60
Improving Economic Performance and Productivity of Livestock Farms and Dairies & Farm Buildings Upgrade 14 - 15 - 17 - 18
Actions to safeguard the integrity of livestock and to combat zoonoses 16
Processing of livestock products - food safety 19 - 21
Development of associative and cooperative forms 20 - 27 - 69
Animal welfare and animal welfare voluntary certification systems 22 - 23
IT and digital technologies 25 - 43 - 56 - 73
Workplace health and safety in Agricultural/Forestry Enterprises 26 - 48
Estimate and evaluation of damages 29 - 57 - 58
Damage prevention 30 - 31 - 59
Sustainable forest management and activities related to mushrooms and truffles 32 - 38 - 39 - 41
Collection and management of forest reproductive material 33 - 40
Prevention of natural disasters (fires and hydrogeological instability) 34 - 35 - 36 - 37
Management control and development of the agricultural enterprise 44 - 46 - 47
Developing a business plan in order to get access to credit 49
Income integration and multi-functionality 50 - 51 - 52
Introduction of investing activities and their ex ante evaluation in farm gate sales 53 - 54
Plant products processing - food safety 62
Phytopathological crises 63
Viticulture 65 - 66
Olive cultivation 67 - 68
Irrigation and fertigation 70
Product quality certification systems 28 - 42 - 74 - 75 - 76 - 77 
Fodder production farming and pasture management 71 - 72

Source: own elaboration.
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The Committee approved on 6 September 2017:
-	 Regional catalogue of Advisory Activities;
-	 Context Analysis – to identify object and territorial 

distribution of the possible services.
Regarding capacity, highly qualified technical staff 

is awarded with reference developed in the areas of the 
contract. Furthermore, on the part of the target group, 
farmers and rural entrepreneurs involved in agritour-
ism, traditional catering, hotel reception, rural tourism, 
tourist services (guiding, organization of incoming tour-
ism, management of sites of interest, museums, etc.), 
crafts (woodworking; stone working; artistic and tradi-
tional ceramics and terracotta, etc.) could be recipients 
of advisory services. Each farm could receive advisory 
services for an amount of 1,500 euros per year. To date, 
three tender procedures have been activated with a total 
amount of € 9,600,000.

4. RESULTS

Following the dimensions included in the adapted 
conceptual framework (Birner et al., 2009), it is pos-
sible to summarize main results of analysis. Regard-
ing to governance structure, Veneto, Emilia-Romagna 
and Campania have implemented, using Measure 2 of 
their Rural Development Programme, contracting out 
financed by public sector to develop advisory services. 
The results show three different intervention models to 
implement sub-measure 2.1. Emilia-Romagna, Veneto 
and Campania have the same objective: to foster exten-
sion services for different and more modern farm sizes. 
As the public procedure to activate intervention, Emilia-
Romagna and Veneto have chosen calls, while Campania 
has chosen tender.

The capacity variables are strategic in all regional 
interventions. Skills, experience, training of advisors 
are well defined. Member States are obliged to provide 
a Farm Advisory System for all farmers but they can-
not use Measure 2 to implement this. Public documents 
seem to show that Campania is currently implementing 
this strategy. Indeed, advisory bodies that present pro-
posals for M2 funds have to demonstrate requirements 
as envisaged by the Ministerial Decree of 3 February 
2016 concerning «Establishment of the farm advisory 
system in agriculture». However, it is important to point 
out that in Campania, Veneto and Emilia-Romagna, 
Measure 2 sub-measure 2.1 is intended to support activi-
ties that go beyond the obligatory provision of advice 
under the farm advisory system. 

Related to amount of economic effort made for advi-
sory services, the support rate for measure interventions 

ranges from 50% (Emilia-Romagna) to 100% (Campania 
and Veneto). The amount of economic effort made for 
advisory services represents a strategic variable of capac-
ity dimension.

The management variables fit to the objectives of 
Measure 2 at different levels. The advisory services 
funded by Rural Development Programme, are indi-
rectly demand-driven because regional authority defines 
farmers’ needs and sometimes advisory methods in the 
calls to finance Measure 2 sub-measure. This peculiarity 
requires new ability to facilitate the interaction between 
multiple stakeholders and the use of adaptive planning 
methods (Birner et al., 2009). 

Finally, in the regional models the advisory meth-
ods are not described and innovative advisory meth-
odologies are not encouraged. Farmers’ needs are often 
recalled and translated into types of services to be pro-
vided, but the lack of more effective methodologies for 
detection of needs is a crucial aspect because the inter-
vention design in all regions focuses on providing tai-
lored extension services for specific problems. The chal-
lenge is to match farmers’ demands and needs. 

Regional lists for advisory activities are rich and 
focus on traditional and innovative farmers’ needs. The 
catalogue produced by Emilia-Romagna contains 13 top-
ics (Tab. 4). To date, 628 farms have been involved. The 
preferred topics concern nitrate reduction and integrat-
ed pest management; followed by animal welfare and 

Tab. 4. Lists for advisory activities and involved farms related to 
calls until May 2019 in the Emilia-Romagna Region.

Topics Farms 
(n.)

Precision farming and HW and SW applications of precision 
agriculture 15

Antibiotic resistance control techniques 23
Biosecurity and animal welfare 77
Biodiversity and defence of crops from invasive wildlife 37
Conservative agriculture and reduction of footprint 1
Water waste and livestock effluent treatment techniques 46
Biological agriculture 65
Methods to reduce nitrates in aquifers 147
Low-impact defence for control of adversity in agriculture 127
Adaptation to climate change due to changes in water 
regimes 1

Qualitative optimization of water resources 8
Innovative technologies for irrigation and water saving 24
Techniques for reducing GHG and ammonia emissions in 
farms 57

Total 628

Source: own elaboration.
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organic agriculture by number of farms. More modern 
topics such as precision farming, carbon footprint reduc-
tion, adaptation to climate change and optimization of 
water resources fail to go beyond 30 farms involved. To 
date, 19 advisory bodies have been involved, comprising 
76 consultants. All consultants belonged to the profes-
sional area of agronomists and veterinarians.

From the analysis of the projects approved it emerg-
es that the average cost of an advisory service consul-
tancy is 1,036 euros, ranging from a minimum of 380 
and a maximum of 1,480 euros. It should be noted that 
the average cost of the services evaluated qualitatively as 
«very high» was 998 euros, hence a little more contained 
than the average of all the proposals.

The catalogue produced by the Veneto Regional 
Authority contains 18 topics (Tab. 5). To date, 7,851 
farms have been involved. The most popular areas are 
related to cross compliance and improvements in work 
organization. Sustainable viticulture and input optimi-
zation follow the first two topics, with about 500 farms 
involved. More modern areas consist in innovative pro-
duction, marketing, risk management and sustainable 
horticulture, without exceeding 50/60 farms per area. 
Importantly, no farm chose the topic related to digi-
talization. To date, 259 consultants have been involved, 
including 202 agronomists and veterinarians.

The catalogue produced by Campania contains 31 
topics from 77 activities in the Regional catalogue (Tab. 
6). To date, 8,059 farms have been involved. The most 
popular topics are related to assessment and develop-
ment of a short supply chain, management control, 
water management and sustainable bioenergy, fertiga-
tion strategy, biogas production, diversification and 
multifunctionality. These are followed by food and job 
safety. Areas like marketing or activities related to for-
ests and biodiversity conservation do not exceed 100 
farms involved. To date, 67 advisory bodies have been 
involved, consisting of 386 consultants; 45% of consult-
ants are agronomists or veterinarians, the rest from 
other disciplines (architecture, engineering, law, busi-
ness consultancy etc.).

5. CONCLUSIONS

The role of agricultural advisory services is chang-
ing thanks to innovation adoption and the current Euro-
pean Agricultural Policy approach. Regional authori-
ties are advancing financial and managerial reforms to 
improve new policy design. Given the need for mod-
ernization of the rural and agricultural sector, the pre-
sent emphasis on participation of stakeholders in pro-

grammes and community demand-driven projects seems 
correct.

The aim of Measure 2 sub-measure 2.1 - Aid for 
obtaining advisory services - is well specified in the 
regional models. Fostering advisory services for differ-
ent and more modern farm with public intervention is a 
complex process involving many stakeholders with dif-
ferent needs and behaviours. Advisory services should 
represent the link between these different subjects. In 
particular, advisors should connect the agricultural 
and research sectors. Modern advisory services have to 
identify farmers’ needs and have to translate them into 
tailor-made innovations. To implement this process an 
innovative approach has to be followed to create a gov-
ernance structure and local networks among different 
participants.

In Campania, Veneto and Emilia-Romagna, since 
Measures 2 sub-measures 2.1 are in an early stage of 
implementation there are few data. However, the avail-
able information provides insights for interesting reflec-
tion. The first concerns the modern monitoring mecha-

Tab. 5. Lists for advisory activities and involved farms related to 
calls until May 2019 in the Veneto Region.

Topics Farms  
(n.)

Management consulting aimed at achieving economic 
optimization of production factors, at overcoming critical 
points, at developing opportunities, also through the use of 
RDP measures

544

Advice on safety to improve organization and working 
conditions 1472

Advice on credit access opportunities. 384
Starting farm activities 100
Introduction of innovative, medicinal or non-food crops 24
Direct sales 161
Marketing and communication plan 56
Management digitalization 0
Mapping and managing risks for the agricultural company 48
Animal welfare-oriented advice (dairy cattle) 474
Animal welfare-oriented advice (beef cattle) 249
Advice on conditionality (vegetable) 3166
Advice on conditionality (animal) 332
Sustainable management of specialized crops: viticulture 191
Sustainable management of specialized crops: fruit growing 551
Sustainable management of specialized crops: horticulture 62
Sustainable management of specialized crops: floriculture 
and nursery 35

Conversion to organic agriculture 2
Total 7851

Source: own elaboration.
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nism that is able to capture and follow major changes 
and the policy output. This programming period repre-
sents the first attempt at a new scheme, implemented by 
regional authorities, to collect and analyze digitized pro-
posals and characteristics of those involved. The second 

is represented by target groups of Measure 2. Accord-
ing to current data, the number of farmers involved in 
extension activities is not large. This applies especially 
to the most innovative issues (digital innovation, robot-
ics, precision farming, international marketing) and to 
more complex or not very immediate environmental 
issues (biodiversity, water management, forestry). This 
weakness could be mitigated by more efficient commu-
nication strategies targeting farmers and by an innova-
tive role and greater interaction among different Meas-
ures. In particular, Measure 1 dedicated to knowledge 
transfer, Measure 2 for advisory services to support busi-
nesses and Measure 16 that foresee the creation of part-
nerships among more than one actor could act together. 
In all cases, training and advice supported by Measure 
1 and Measure 2 should target the needs of rural busi-
nesses and Measure 16 should facilitate a new approach 
to cooperation by farmers, advisors and researchers. 

The last insight concerns the characteristics of con-
sultants. Advisory services have to respond more effec-
tively to the needs of farmers and other rural actors. 
Modern consultants need to be able to give holistic 
solutions to specific problems experienced by farmers. 
Extension officers need to be retrained in order to inte-
grate a broad spectrum of specific issues with a view to 
giving farm-tailored advice. Farmers’ needs are often 
highlighted in the Measure 2 but the lack of more effec-
tive methodologies for detection of needs remains a cru-
cial aspect. The challenge to match farmers’ demands 
and needs is not yet won.

This article has applied a conceptual framework 
(Birner et al., 2009) that could represent a guide to ana-
lyse different implemented models of advisory services. 
The aim of the analysis is to reduce the failure of adviso-
ry services linked to the lack of connection with the real 
farmers’ needs. The profound changes in future CAP 
2021-2027 for farms advisor services (FAS) require new 
developments in this research area.
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