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Demand for light fuels in Brazil: an approach
using spatial panel data models

Demanda por combustiveis leves no Brasil: uma abordagem usando modelos espaciais

de dados em painel

Abstract

The need for changes in the current energy
matrix is a reality due to the possibility of
a shortage of fossil fuels and the environ-
mental damage caused by emissions related
to fossil fuel use. The correct prescription of
public policies for energy markets depends
on the knowledge of demand elasticities.
Hence, the aim of this work was to estimate
the main determinants of light fuel demands
in Brazil. Dynamic and non-dynamic esti-
mators were used, and the results indicated
that both demands respond more to changes
in gasoline prices than changes in ethanol
prices. Therefore, public policies that aim to
change consumption patterns should focus
on gasoline prices.
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Resumo

As mudangas na atual matriz energética sio ne-
cessdrias por conta da futura escassez dos fdsseis
e pelos danos causados por seu consumo. A cor-
reta presctigio de politicas piblicas para os mer-
cados de energia necessita do conhecimento das
elasticidades da demanda. Por isso, o objetivo
deste estudo ¢ estimar os principais determinantes
da demanda para o etanol e para a gasolina no
Brasil. Estimadores dindmicos e ndo dindmicos fo-
ram utilizados e os resultados indicam que ambas
as demandas respondem mais a mudangas nos
pregos da gasolina do que a mudangas nos pregos
do etanol. Por isso, politicas piiblicas focadas em
mudar hdbitos de consumo (redugio do consumo
de gasolina, por exemplo) tém no prego da gasoli-
na um bom instrumento.
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1 Introduction

The need for changes in the current energy matrix is a reality due to both
the shortage of oil and the emissions caused by fossil fuel use. Although
the news has indicated otherwise, more than 85% of the world’s primary
energy consumption still comes from fossil fuels and only 10% of pri-
mary energy is provided by renewable sources (BE, 2018). Even though the
reserves-to-production ratio (R/P) has increased in the last years,! in the
medium and long terms, matrix diversity is still necessary.

This first paragraph could have been written ten or twenty years ago
with little adjustment to the percentages, so why did the new technologies
take so long to attain larger shares of the energy market? Economic viabil-
ity is the main problem of most energy alternatives. Some may present
technology viability; however, their production is not economically viable
due to high costs. At this point, Brazilian ethanol is already economically
viable and used extensively in some states in Brazil.

This is possible due to institutional arrangements including mandates
and subsidies (CARDOSO et al., 2019) and a long tradition in research
and private and public investments. Other reasons to consider Brazilian
ethanol from sugarcane in the medium term are its advantages over oth-
er crops used for ethanol production: a better fossil energy balance, re-
duced CO2 emissions in comparison with gasoline and lower land inten-
sity (GOLDEMBERG and GUARDABASSI, 2009; NARDY and GURGEL,
2013). Despite all these advantages, in many Brazilian states, the ethanol
demand is constrained. This is due to large differences in relative prices
across states (see Figure-1). In some of them, for example Roraima (RO),
Amapa (AP) and Pard (PA), the relative price indicates that ethanol should
be bought in less than 15% of months.

These differences, shown in Figure 1, indicate that the price ratio be-
tween ethanol and gasoline is not aleatory: space plays a role — and the
use of a spatial econometrics framework to estimate the ethanol and gaso-
line demands in Brazil can be a solution. This choice will also allow the

1 The ratio between the proved reserves and the annual consumption of oil indicates how
long the remaining resources will last, based on constant prices and technology. The evolu-

tion of the ratio responds to increasing oil prices, technology changes and new discoveries
of resources. Data from BP (2013, 2018) show that this ratio has increased from approxi-
mately 40 years (2005) to 52 years (2018), with a slight decrease in the last 4 years to 50.2
years (2017).
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cross-section dependence (CD) in panel data to be controlled, which is a
problem that the literature regarding fuels in Brazil has usually neglected.

Figure 1 Ratio between ethanol and gasoline prices
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Source: Data from ANP.

In addition to the common variables used to estimate light fuel demands
(price and income), in the Brazilian market,? it is necessary to include the
prices of the main alternative fuels (the ethanol price for the gasoline de-
mand and the gasoline price for the ethanol demand). An extra variable
named “fleet” will therefore be added to consider the possible effects that
an increase in the number of vehicles might have on the demand. Spatial
non-dynamic and dynamic models will be estimated. For light fuel de-
mands, dynamic models present some advantages: they add information
for computing long- and short-run responses.

After this introduction, the paper presents a literature review about light
fuels, followed by a section on the Brazilian market. Then, a methodolo-
gy-related section explains the spatial models and the data set. Finally, the
last two sections are dedicated to the results, discussion and conclusions.

2 In 2008, flex-fuel cars were introduced into the Brazilian market, Whlch explains the need

to include own prices and their main substitutes in the estimates of the demand for light
fuels in Brazil.
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2 Demand for light fuels

A large number of studies worldwide dealing with the demand for light
fuels have indicated gasoline as an inelastic good in the short and long
runs, with long-run elasticity being higher than short-run elasticity. Fuels
are considered to be “essential goods” in the short run, but the probability
of substitution increases in the long run. The light fuel demand has invari-
ably been modelled using price and income as explanatory variables (pos-
sible proxies for income are electricity consumption, industrial production
and the GDP, as in RODRIGUES and BACCHI, 2016; RODRIGUES et al.,
2018). Some studies, such as those by BURNQUIST and BACCHI (2002),
CHEUNG and THOMSON (2004) and RAMANATHAN (1999), did not
use other variables and estimated the demand using price and income
only. Other common controls are the vehicles’ characteristics, such as ef-
ficiency, the price of new vehicles, credit availability (RODRIGUES and
BACCHI, 2016) and the stock of vehicles (RODRIGUES et al., 2018).

Table A (Appendix) presents many studies regarding the demand for
light fuels in Brazil and other countries. The high variation among the
estimated elasticities could be due to the models employed by the studies
(BASSO and OUM, 2007), including the choice between static and dy-
namic models (BRONS et al., 2008; ESPEY, 1998), the data types used for
the estimation (time series, cross-sectional or panel data) and the interval
of data (monthly, quarterly or annual) (GOODWIN et al., 2004).

A large range of econometric techniques are used to estimate light fu-
els’ demand. A survey by DAHL and STERNER (1991)® presented esti-
mations using time series, two- and three-stage least squares, instrumen-
tal variables, panel data and other approaches. The range of results for
price elasticity was (—0.12; —0.44) in the short run and (-0.23; —-1.05) in the
long run. The range of income elasticity was (0.14; 0.58) in the short run
and (0.68; 1.31) in the long run. Another comprehensive survey is that by
HUNTINGTON et al. (2019), which emphasized studies published after
2000, paying attention to the long-run responses to changes in income and
prices. Most of the surveyed studies have shown that the price and income
elasticities for liquid fuels are generally less than unity for many coun-
tries and sectors. Long-run income elasticity, however, can range widely

3 DAHL and STERNER (1991) compared more than 100 studies about the gasoline demand.
Another important survey can be found in ESPEY (1998).
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by country between 0.24 and 1.75 while averaging 0.94 for all countries.

In the Brazilian market, BURNQUIST and BACCHI (2002) estimated
the demand from 1973 to 1998 using time series (Table A). More recently,
NAPPO (2007) used a co-integrated time series to model the gasoline de-
mand. The gasoline price, income (per capita GDP), ethanol price and a
dummy associated with the gasoline price starting in 2003 were used as
explanatory variables. The results indicated that flex-fuel cars contributed
to making the gasoline demand more elastic after 2003. The short-run
elasticities estimated were —0.20 (before 2003) and —-0.33 (after 2003).

SERIGATT ez al. (2010) estimated the Brazilian ethanol demand and the
sugar and ethanol supply, simultaneously, using 3SLS. The addition of sug-
ar demand was justified due to the possibility of shifting production from
sugar to ethanol and vice versa. The results indicated that the demand for
ethanol is price elastic, with elasticity around —1.2 (before 2003) and -2.0
(after 20083). The cross-price elasticity increased from 1.3 to 2.2 (all results
for the short run).

RANDOW et al. (2010) estimated the long-run ethanol demand using
co-integrated time series models. The variables used to estimate ethanol
consumption were the ethanol price, gasoline price and GDP (income
proxy). The results indicated very elastic long-run demands related to
prices, with elasticities of —=11.26 (price elasticity) and 12.79 (cross-price
elasticity). The estimated income elasticity was 0.46.

Also making use of co-integrated time series models for the Brazilian
ethanol market, FARINA et al. (2010) analysed the period from July 2001
to August 2009. Their results showed a price elasticity of —=1.23 and a cross
elasticity of 1.45, both for the short run.

CARDOSO and BITTENCOURT (2012) and SANTOS (2013) estimated
the Brazilian ethanol demand in the long and short runs using co-integrat-
ed panel data models. CARDOSO and BITTENCOURT’s (2012) study re-
sulted in ethanol price elasticities of =1.42 (short run) and -3.30 (long run),
while SANTOS’s (2013) elasticity estimates with respect to the ethanol
price were around —1.52 (short run) and -8.45 (long run). Regarding the
long-run elasticities, SANTOS (2013) indicated that the reported results
were likely to be overestimated.

Although intensive research has been carried out, only one conference
paper has reported the use of spatial econometrics to assess the Brazil-
ian market. It was co-authored by SANTOS and FARIA (2012), and the
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ethanol and gasoline demands were estimated on a quarterly basis. The
explanatory variables were the ethanol price, gasoline price and service
trade tax as an income proxy. Here the dynamic estimators were used to
aggregate short-run information for further analysis.

ALMEIDA et al. (2016) used a linear approximation almost ideal de-
mand system (LA-AIDS) with quarterly data from 2001 to 2015 to esti-
mate the Marshallian and Hicksian demands for the state of Pernambuco
(PE), Brazil, for ethanol, gasoline and diesel. Using seemingly unrelated
regressions (SURs), the results were similar to the elasticities reported in
the literature, with an inelastic price demand for gasoline and diesel, and
close to unitary elasticity for the Marshallian ethanol price elasticity.

Using a vector autoregression (VAR) model, RODRIGUES and BAC-
CHI (2016) identified the main determinants of the demand for fuels used
by the light-vehicle fleet in Brazil between 2003 and 2013. The results
showed that the income and price elasticities are not different from the
estimates reported by the literature. The novelty was the importance of
credit and car prices to the demand for transportation in Brazil.

In a recent study about the demand for vehicle fuels in Brazil, RO-
DRIGUES et al. (2018) analysed the role of the asymmetric price response
(APR) and underlying energy demand trend (UEDT) in the demand for au-
tomotive fuels in Brazil for the period 2001-2016. The authors determined
that consumer responses to changes in prices are not linear, with high sub-
stitutability between gasoline and ethanol, and the demand for ethanol is
more price elastic than the demand for gasoline in the short and long runs.

Finally, CARDOSO et al. (2019) estimated the own-price, cross-price
and income elasticities of the demand for ethanol and gasoline for Brazil
between 2001 and 2014. They used a novel instrumental variable approach
to control for endogeneity between the supply and the demand, which is
based on wholesale prices for gasoline, ethanol and diesel from non-adja-
cent states, to construct the instrumental variables. This study took into
account regional and spatial features of the fuel market along with the role
of flex-fuel cars. The results showed that, after the introduction of flex-fuel
cars, the own-price elasticities for gasoline and ethanol increased.

Other recent studies have investigated other dimensions of the fuel
market in Brazil. SALVINI et al. (2017), for instance, investigated price
asymmetry in the state of Sao Paulo (SP) for ethanol and gasoline. The
results favoured the existence of price asymmetry for both fuels from the
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wholesale to the retail market in the short run. Increases in the wholesale
prices imply larger increases for the consumers.

3 Brazilian market of fuels

The recent history of light fuels in Brazil presents two relevant events: a)
the Petroleum Law (Law 9.478/97), which broke the state monopoly in
the oil production; b) the introduction of flex-fuel cars in 2003, allowing
consumers to choose between ethanol and gasoline on every visit to the
gas station to fill up the vehicle.

Ethanol and gasoline are not evenly consumed throughout the coun-
try. The total consumption of ethanol in relation to the total consumption
of gasoline in Brazil* (Figure 2, dashed line) during our sample period is
0.23 on average. However, the same variable by state ranges from values
around 0.5 in Sdo Paulo to less than 0.05 in Acre and Tocantins. If we look
at the more recent values in Sdo Paulo (dark light), ethanol has achieved
the same market share as gasoline (relative consumption = 1).

Figure 2 Relative consumption, ethanol by gasoline
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Source: Data from ANP.

Figure 3 (a) shows the mean of the relative consumption of ethanol by
gasoline plotted by state — the relative shade indicates the intensity of the
variable, with the darkest shades representing the states where the relative
consumption of ethanol is lower. These differences in relative consumption
are basically the effect of the relative price between ethanol and gasoline

4 Which from now on we will call only relative consumption. This measure uses consumption
in barrels of oil equivalent, so the differences in energy content are already controlled.
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(Figure 3 (b)). In this figure, we plot the proportion of time for which etha-
nol is more price competitive than gasoline during the entire sample period
by state. This dummy variable is 1 if the ratio of the ethanol price to the
gasoline price is lower than 0.7, which is the reference to control for energy
content differences between ethanol and gasoline in Brazil, and 0 otherwise.

Figure 3 The relative consumption of ethanol by state (a) and The proportion of time or
which it is worthwhile for fl ex-fuel car owners to buy ethanol rather than gasoline (b)
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Source: Data from ANP,

These two figures indicate that space plays an important role in the Brazil-
ian fuel market, and the differences are explained mainly by prices. Etha-
nol’s lack of competitiveness in some states can open an entire research
agenda, including logistical bottlenecks, sugarcane plantations and others

as possible answers.

4 Data

Balanced panel data from July 2001 to November 2018 on a monthly basis
at the state level will be used. The panel contains a total of 5,643 observa-
tions (209 months x 27 states).

The quantities in the data set are of hydrated ethanol (Qeta) and gas-
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oline-C (Qgas), which are sold at gas stations.” Gasoline prices (Pg) and
ethanol prices (Pe) are the monthly weighted averages of consumer prices.
The income proxy is the amount of state tax on the circulation of goods
and services (ICMS, acronym in Portuguese) from the Ministry of Finance.
The correlation between the gross domestic product and the ICMS in Bra-
zil for our sample is larger than 0.99, indicating the quality of this proxy.

The variable Fleet-e corresponds to the total number of vehicles that
used ethanol along with flex-fuel vehicles. It will be used for the etha-
nol demand estimation. Fleet-g is the total number of vehicles that used
gasoline plus the flex-fuel vehicles, and it will be used for the gasoline
demand estimation. The fleet variables are constructed from the data-
base of the National Department of Transportation (Denatran, acronym
in Portuguese).

Income and prices are the real variables adjusted using the monthly
growth of the consumer price index from the Brazilian Institute of Geog-
raphy and Statistics (IPCA, acronym in Portuguese), based on 1 in 2001m?7.
Table 2 summarizes the data set statistics.

Table 1 Summary statistics

Variable | Obs. | Mean | S.Deviation Min. Max.
LnPe 5,643 0.125 0.135 -0.549 0.573
LnPg 5,643 0433 0.109 0.190 0.748
Lnincome 5643 1217 1.278 8.906 15.80
LnQeta 5,643 9.941 1.887 3611 15.12
LnQgas 5,643 12.47 1181 8.628 15.50
LnFrota-e 5,643 12.79 1560 8.693 16.73
LnFleet-g 5,643 1364 1.355 10.07 17.06

Source: ANP, IBGE and Denatran.

Note: Data are in logarithmic form.

5 Methodology: spatial models and empirical strategy

Estimating a model using panel data is indicated when there is heteroge-
neity among individuals (states in this case) — individual effects play an

5 Data are available from the System of Price Research of the Brazﬂlan Agency of Fuel, Bio-
fuel and Natural Gas (ANP).
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important role in the estimations. However, panel estimators also assume
that cross-sections are independent from each other.

According to ALMEIDA (2012, p. 109), it is possible to test spatial effects
using a scatter diagram of Moran from spatial lagged residuals. Unfortu-
nately, it works with the alternative hypothesis that there is no spatial de-
pendence on the way in which W (the neighbourhood matrix) is specified.
In addition, it does not mean that there is no spatial dependence at all, but
accepting the alternative does not guarantee the absence of spatial effects.
Hence, while working with panel data, it is more appropriate to use some
group-wise tests, so the BREUSCH-PAGAN (1980) test will be used here.

The literature presents a possible solution whenever CD is confirmed.
A way of handling the problem is to use estimators consistent with CD,
GLS with correction to CD and AR(1) residuals or the PRAIS-WINSTEN
(1954) estimator, for example.” Another possibility is to use the spatial
econometric approach, adding spatial matrices to the model to capture
these spatial effects (ALMEIDA, 2012; ANSELIN ez al., 2008; SANTOS and
FARIA, 2012). The spatial effects can be included in the spatial lags of the
dependent variable (Y), in the explanatory variables (X) and/or in the error
term (¢). Using a basic econometric model:

Y = XB +¢& ~ Normal(0,5°1,) (1)
Adding the spatial lags to the model (1), we have:

Y=pW,Y +XB+tW,X+¢ )
where:

e=AW, e +¢ 3)
Adding all the spatial lags, the complete model is given by:

Y =pW,Y + XB+1W,X + AW, € +¢ 4)

6 It is referred to below as BP (1980).
7 Both estimators are theoretically consistent in the presence of cross-sectional dependence.
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In equation (4), W1, W2 and W3 are different spatial matrices, but it is pos-
sible to consider them to be equal. Depending on which parameters are
equal to zero (r, A and/or p),® in equation (4) we can have different spatial
models. Table 2 presents some of these models.

Table 2 Selected types of spatial models

Models | | A p
Spatial Lagged Model (SAR) #0 0

Spatial Autoregressive Cross Model (SLX) 0 =0

Spatial Autoregressive Error Model (SEM) 0 0 =0
Spatial Durbin Model (SDM) =0 =0 0
Spatial Durbin Error Model (SDEM) 0 =0 =0
Spatial Lagged Error Model (SAC) =0 0 =0
General Spatial Model (GSM) =0 =0 =0

General equation:Y = pW)Y + XB + WX+ AW, € + .
Source: Authors, based on ALMEIDA (2012, p. 179).

The spatial lags of the dependent variable indicate that the consumption
in state (i) is affected by the consumption in state (j). The spatial lags of
the explanatory variables indicate that the determinants of consumption
in state (i) can be affected by the explanatory variables of state (j). In addi-
tion, the spatial lags are used when the error terms across spatial units are
correlated, usually indicating an omitted variable problem.

Using our variables and including spatial matrices, the equations for the
ethanol and gasoline demand are:

Qeth, = B, + B.Pe_+ B,.Pg, + Ba.Inc, + B,.Fleet, + pWQeth, +
+tW(Pe, + Pg, + Inc, + Fleet,) + ¢, )

Qgas, = B, + B.Pg_+ B,.Pet, + By.lInc, + By.Fleet, + pWQgas, +
+tW(Pe, + Pg, + Inc, + Fleet,) + ¢, (6)

Equations (5) and (6) are used in the SAR and SDM models, and in both

8 Itis also possible to have a range of models if spatial effects are con51dered associated with
an average spatial moving error. For more information, see ALMEIDA (2012) and FINGLE-
TON (2008).
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of them the marginal effects represent long-run effects,” as they do not
provide short-run parameters. However, there is economic relevance
to knowing both long- and short-run elasticities. Hence, in addition to
the SAR and SDM models, a dynamic panel estimation is proposed here
through the use of the HAN and PHILLIPS (2010) estimator. In a dynamic
specification, the model is represented by:

Y =Y, +pWY, + BX, +TWX, +¢ @)
Rearranging the equation, we obtain:
= (Y, + BX, + WX, +TWX, +&).(I, — pW)" (®)

This specification allows us to divide the effects between the short and
the long run and between direct and indirect effects.’* Marginal effects are
calculated from a matrix with partial derivatives of Y with respect to the
explanatory variable of interest,!! which is called Matrix A here.

%:m ~pW) " BI+ (I, - pW) ' 1] = Marrix A ®

The total marginal effects are the sum of the indirect and direct effects,
and they are calculated using the average of non-zero elements of Matrix
A (Equation 9). The mean of the matrix trace gives the direct short-run
effects, while the sum of the remaining non-zero elements gives the aver-
age indirect effects. If the specified model is an SAR, the parameter 7 is
zero and Matrix A is simplified, being represented only by its first term
(I, - pW) "]

Differentiation between short- and long-run parameters is made
through the ¢ parameter (Equations 7 and 8),*> which represents the ad-
justment speed. A low ¢ represents a high adjustment speed, and the
short-and long-run parameters will be close. Equation (10) below shows

9 SAR and SDM consider adjusting up to the point of a new steady state, which means that
these models can be interpreted as long-run models (LESAGE and PACE, 2011)

10 Indirect effects are also called spatial spillovers. In our case, indirect effects are part of the
variation caused by other regions.

11 It is important to note that 8 is a matrix of parameters; hence, for each explanatory vari-
able “k”, one marginal-effect matrix is constructed.

12 The parameter ¢ is constrained to be smaller than 1 to guarantee model stability.
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the long-run impact matrix:

HNer _ (I, — pW — W) " .B1+[(I, — pW — W) ' z]= Matrix B

0X, (10)
As in the short run, the long-run effects can be differentiated between
direct and indirect effects, and they are calculated using the same process.
It is clear that SAR models have parameter 7 equal to zero, which means
that the ratio between direct and indirect effects is the same for all the
explanatory variables. SDM models, however, do not present this limita-
tion, which is the reason why, for each explanatory variable, these ratios
might be different (DEBARSY ez al., 2012; ELHORST, 2012; LESAGE and
PACE, 2011).

Concerning the introduction of a spatial weights matrix W, many econ-
omists are “skeptical, puzzled, or both” and argue that it is applied in a
“mechanical fashion” without theoretical justification (CORRADO and
FINGLETON, 2012, pp. 210 and 211). Secondly, critics of spatial econo-
metrics have claimed that spatial lagged variables are inputted into models
just because of the significance level, without a hard decision criterion.
Other usual comments have concerned sensitivity to the choice of weight
matrix (W). ARBIA and FINGLETON and ARBIA (2008) highlighted the
relevance of this arbitrary decision with respect to the model structure
and its consequences for the model results. Hence, we will run the regres-
sions and change W to determine whether our particular study presents
substantial sensitivity to the W choice.

6 Results and discussion

Pesaran’s CD test for each variable (ethanol and gasoline prices, income
and fleet-g and fleet-e) indicates cross-sectional dependence (CD) for all
the variables and for the OLS residuals. The Breusch-Pagan test (BP) is
carried out; however, the results remain the same. To correct the CD, a
row standardized queen matrix (W) is adopted for the spatial models and
a GLS with AR(1) and CD corrections is estimated. For comparison pur-
poses, an OLS is estimated. All the spatial models estimated initially use
the same queen standardized matrix, but, at the end of this section, we
relax it, performing the same estimator using different W matrices.
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Table 3 reports the estimated parameters for the ethanol demand. The
short-run parameters are estimated using OLS, GLS and HP, while the
long-run parameters are estimated using the SAR, SDM and HP estimators.

Table 3 Estimates for the ethanol demand

(1) (2) (3) ) (5) (6) (7) (8)

OLS GLS SAR-FE SAR-RE| SDM-FE| SDM-RE HP-SAR | HP-SDM
0.533***  (.501%**

® ) 753)  (187)
L1Pe S4.998%%% D 3A1RK* OB5¥** 2OB5¥*F —3030%** -3039%*% -3025%%* -2583¢*x
(-7038)  (-3861) (-4163) (-4191) (-3252) (-3295) (-4125) (-28568)
P 3870%%%  2568***  3508%**  35Q7E  GEQARRX  GERQIRR*  3404%%*  3A26%Rx
8 4332)  (714)  (3584)  (3645)  (3553)  (3B50)  (3327)  (2564)
Lt 09T 0896 0908 0909 121N 1220M Q972 1306+
(3918)  (3203)  (2914)  (2916)  (2307)  (2498)  (3307) (3782
Lincome VM5V QIBET 0233 0234 0010 00076 0262 0162***
GI0) (925  (518)  (534) (-036) (-016)  (815)  (460)
S -1030%%* STEBLRRE 4 204%%% -5 40Q¥**
(-5377)  (-16.65) (-2782) (-1594)  (-2750)  (-3136)

0368%%*  0.364%**  0453***  (453%%%  (032%%*

P (3460)  (3424)  (3817) (3825  (15.20)

T

L1Pe 0.976%#% 0995 —0.271%%
@55  (879) (-973)
p -3439%%%  -3485%% 0.10g%**
g (-1838)  (-18.70) (329)
Lofieet -0.780%%*  -(.787*** -0.107%%*
(-1297)  (-1383) (-10.09)
Lnincome 0557%*% (519 0.111%**
(904)  (866) (8.95)
Obs 5643 5643 5643 5643 5643 5643 5616 5616

Source: Authors.

Note: *, ** and *** indicate the significance levels of 10%, 5% and 1%, respectively.

The sample size differences between HP and the other models are due to
the lagged variable used in HP. It is worth mentioning that 7 parameters
are found only in Durbin models (SDM models) and that, in column 7 (Ta-
ble 3), p is very close to zero, indicating that the indirect effects in HP-SAR
will also be very close to zero. Hence, we drop these results in Table 4.

244 NovaEconomia v.30 n.1 2020



Demand for light fuels in Brazil

The direct effects of HP-SDM,, since there is no p, are —2.583 (ethanol price)
and 3.426 (gasoline price). The indirect effects in this case are in the second
part of Table 3,-0.271 (ethanol) and 0.109 (gasoline). The total effects are the
sum of the indirect and direct effects, so, for gasoline, we have a direct effect
of 3.426, an indirect effect of 0.109 and a total effect of 3.426+0.109. The
@ parameters estimated in HP-SAR and HP-SDM are around 0.5 (Table 3),
suggesting that the long-run effects are double the short-run effects.

Both HP estimators used for the ethanol demand seem to overestimate
the price and cross-price elasticities, even considering that other studies
have indicated an increase in these. Some attempts are made in the direc-
tion of determining whether the unit roots play a role in these results, us-
ing Hodrick-Prescott filter prices, but the estimates of own-price elasticity
in the ethanol demand are consistently between 3 and 4.

As previously mentioned, only the parameters found in OLS and GLS
are immediately interpreted as marginal effects. Hence, the marginal ef-
fects for estimators 3-6 are presented in Table 4.

Table 4 Marginal effects for the ethanol demand (long run)

3) @ (5 (6)

SAR-FE SAR-RE SDM-FE SDM-RE
Direct
Pe -3.084*** -3.089%** -3.099*** -3.095%**
Pg 3.750%** 3.746%** 5.446%** 5.434*x*
Fleet 0.950%** 0.950*** 1.187%** 1.197%**
Income 0.239*** 0.240%*** 0.0668 0.0710
Indirect
Pe -1.506%** -1.571%** -0.676*** -0.633***
Pg 1.941%** 1.905%** —1.494%** -1.501***
Fleet 0.492%** 0.483%** -0.383*** -0.391%**
Income 0.124%** 0.122%** 0.918*** 0.867***
Total
Pe -4.679%** —-4.661*** =3.774%** -3.727%**
Pg 5.691*** 5.651%** 3.952%** 3.843%**
Fleet 1.442%** 1433*** 0.804*** 0.806***
Income 0.363*** 0.361*** 0.985*** 0.938***

Source: Authors.

Note: *, ** and *** indicate the significance levels of 10%, 5% and 1%, respectively.
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The cross-price elasticity indicates that the ethanol demand is as sensitive
to gasoline prices as to its own prices. This suggests that policies that aim to
change the ethanol demand could efficiently target either of the two fuels.

The marginal effect of the number of vehicles, or “fleet elasticity”, repre-
sents the demand sensitivity to changes in the number of vehicles. This total
effect is between 0.8 and 1.4, considering specifications 3-6 from Table 4.

Table 5 Estimates for the gasoline demand

(0)] (2) (3) ) (5) (6) (7) (8)
oLS GLS| SAR-FE| SAR-RE| SDM-FE| SDM-RE| HP-SAR| HP-SDM
0102 0.061**
® %) (G84) (245
e 0462%%%  00797% 0.208%** 0.208***  (0512%%* (505*** (0282  (.308%**
(2090)  (254)  (1L00)  (10.99)  (487) (2452 (404  (129])
b S0782%%%  —0B3E*F*  —0T6TFF*  -0T66***  -0.8T7F** -0.880%%% -0965FF* 0832
g (-2810)  (-1274)  (-2573)  (-2567) (-2510)  (-2515) (-3364)  (-232))
Foot | OSO0 0G25M 0300M 03026 08% 08I 04837 0563
(6943)  (5971)  (4204)  (4210)  (7046)  (026)  (5336)  (5L74)
oo 000207 QTR QI 0166 0161 02207 016
@408)  (2373)  (124)  (1277)  (1592)  (1564)  (1842)  (12.38)

cont | 08B 1030m 2429%+x L797%%% 2799

2283)  (1613) (1716) 1602)  (30.29)

0.248%%%  0243%%%  (580%**  (0580%** 0,007+

P (2376)  (313)  (5663)  (5665)  (846)

T

e -0.304%%%  -0.209%* 0.024%%
(-1283)  (-1264) (-3.24)
b 0305%**  0315%* -0.080%**
g (T44)  (768) (-893)
oot -0.663***  -0.655%** -0.042%%%
(-4699)  (-46.83) (-12.72)
ncome ~0.0494%%%  -0,0402%* 0.050%**
(-362)  (-2.94) (12.55)
Obs 5643 5643 5643 5643 5643 5643 5616 5616

Source: Authors.

Note: * ** and *** indlicate the significance levels of 10%, 5% and 1%, respectively.

The income elasticities are around 0.3 in the long run, considering only
the SAR and HP estimators. Among the three most researched elasticities
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in this market (own-price, cross-price and income), the last one has the
largest range of results in the literature, varying from 0.14 in the study by
SANTOS and FARIA (2012) to 12.76 in the one by RANDOW et al. (2010).
This large variation can be justified by the different proxies used for in-
come (per capita GDP in cross-sectional studies and electricity and taxes
in panel data studies). It seems that part of the income effect is naturally
captured by the fleet increases. If we drop the fleet from the regressions,
the ethanol demand becomes income elastic, with elasticities around 1.3.

The parameters for the gasoline demand are in Table 5. The explana-
tory variables used to estimate the gasoline demand are the same as those
for the ethanol demand, with the exception of the variable “fleet-g”, which
is used instead of “fleet-e”.

Table 6 Marginal effects for the gasoline demand (long run)

(3) @ 5 (6)

SAR-FE SAR-RE SDM-FE SDM-RE
Direct
Pe 0.212%** 0.212%** 0.511%** 0.504***
Pg -0.783*** -0.782*** -0.925%** -0.927***
Fleet 0.398*** 0.399*** 0.783*** 0.774%**
Income 0.149%** 0.154%** 0.176*** 0.173***
Indirect
Pe 0.0647*** 0.0631%** -0.0147 -0.0120
Pg -0.239%*** -0.233%*** -0.436%** -0.420%**
Fleet 0.122%** 0.119*** -0.399*** -0.394***
Income 0.0455%** 0.0458%** 0.0999*** 0.116***
Total
Pe 0.277%** 0.275%** 0.497*** 0.492%**
Pg -1.022%** -1.014*** -1.361*** -1.347%**
Fleet 0.520%** 0.518*** 0.384*** 0.380***
Income 0.194*** 0.200%** 0.276*** 0.288***

Source: Authors.

Note: * ** and *** indicate the significance levels of 10%, 5% and 1%, respectively.
For the gasoline demand, it is also necessary to calculate the marginal ef-
fects. However, it is important to state that parameters p and @ in HP-SAR

are very close to zero, indicating that the differences between direct and
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indirect effects and between short-run and long-run effects will both be very
small. Hence, we can interpret column 7 in Table 5 as the long-run total ef-
fects of HP-SAR. The same logic can be applied to HP-SDM: all the indirect
effects (measured with the interaction between t and elasticities) are signifi-
cant but very close to zero. Therefore, we report in Table 6 only the margin-
al effects of estimators 3-6 from Table 5, excluding HP-SAR and HP-SDM.

The price elasticity of the gasoline demand is between—1.0 and 1.3, in-
dicating that a change of 1% in the price will be followed by a reduction in
consumption from 1.0% to 1.3%. The cross-price elasticities also have the
expected signal (positive), with values that are approximately one-third of
the gasoline price. Hence, changes in gasoline prices will have three times
greater impact than changes in ethanol prices, in line with MORIZONO
et al. (2018).

The marginal effect of the number of vehicles is lower than one in the
long run. This result could be caused by the fuel economy of the new cars
or by different consumption profiles of the owners of the marginal cars.
With respect to the income elasticity, the results indicate that gasoline is
a normal good with income elasticity around 0.2. The results are lower
than the previous estimates of income elasticity, but, again, there is a large
range of estimates due to the use of different proxies.

The results also indicate that both demands have higher sensitivity to
the gasoline price than to the ethanol price. If a policy goal is to change
the demanded quantity, this result suggests that the gasoline price is the
factor on which the policy should focus. On the other hand, if the govern-
ment’s objective is to increase the tax revenue, the focus should be on the
ethanol price.

When looking at future increases in the demand for light fuels, the re-
sults indicate that, ceteris patibus, increases in the number of vehicles or
in income have a greater effect on the ethanol demand than the gasoline
demand. These results come from the comparison between ethanol and
gasoline long-run “fleet” elasticities and income elasticities.

The last part of the study comprehended tests to check whether the
results are sensitive to a prior specification of the W matrix. The W matrix
defined here needs to be symmetric,'® containing 729 elements (27 x 27).
The first kind of matrix used is a Queen-1 (Q1). In Q1, Wij = 1 if states

13 If states A and B are contiguous, states B and A are also contiguous.

248 NovaEconomia v.30 n.1 2020



Demand for light fuels in Brazil

share a common edge with each other and 0 otherwise. With Queen-2,
Wij = 1 for the neighbours and for the regions that border the neighbours.
There are also Queen-3 and Queen-4 matrices, but, since there are only 27
states in Brazil, it does not make sense to use matrices of orders higher than
2. The inverse distance matrix (ID) and some K-nearest neighbour matrices
(K=5, 4 and 3) are also used. For each given K the K-nearest neighbour will
have a value equal to 1, while the more distant units will equal 0.

Using the same estimator (SAR-FE), we change only the matrices and
report the marginal total effects in Table 7.

Table 7 Sensitivity to W choice

| Queen-1 | Queen-2 | ID | Near-5 | Near-4 | Near-3

Pe 0.277%** 0.281*** 0.242%**  0.240%** 0.234%** 0.224%**
(10.99) (10.95) (9.75) (7.93) (8.06) (7.78)

p -1.022%%*  -1,004***  -0,977***  -1.024***  -0.994***  -(0,949%**
g (-28.83) (-2769) (-27.99) (-24.12) (-24.34) (-23.40)
Income 0.197*** 0.219%** 0.194%**  (0,209%** 0.203*** 0.182%**
(13.37) (14.59) (13.52) (11.81) (11.97) (10.85)

Fleet 0.518***  0.505%** 0.526*** 0.521%** 0.529%** 0.559%**
(49.23) (4768) (50.68) (41.49) (43.71) (45.85)

N 5643 5643 5643 5643 5643 5643

Source: Authors.

Note: *, ** and *** indicate the significance levels of 10%, 5% and 1%, respectively.

As Table 7 shows, the results obtained using different spatial matrices are
close. Only the SAR model is applied to the gasoline demand, and the

lack of sensitivity to the W choice, as LESAGE and PACE (2011) argued,
is confirmed.

7 Conclusions

For both demands (gasoline and ethanol), the tests using OLS residuals
indicated cross-sectional dependence (CD). To solve this problem, two dif-

14 Rook matrices and queen matrices have exactly the same results since, in the present
study, they represent exactly the same matrices. Therefore, only the queen matrix results
are reported.
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ferent procedures were carried out: GLS with AR(1) and estimators for CD
correction, which is efficient whenever there is CD, and a spatial queen
matrix (W), which makes it possible to capture non-observed effects that
are responsible for such dependence. Although these strategies achieved
better results than the standard OLS, both failed to reject the null hypoth-
esis of the Breusch-Pagan (BP) test.!

There were no surprises with the parameters: the own-price elastic-
ity was negative, and the cross-price, income and “fleet” elasticities were
positive. The results also indicated higher long-run parameters than short-
run ones for the ethanol demand, while, for the gasoline demand, the dif-
ferences between short- and long-run parameters were insignificant.

The results also indicated that the ethanol demand is price and cross-
price inelastic in the short and long runs, in line with the Brazilian empiri-
cal literature (Table A — Appendix). The gasoline demand is less sensitive
to prices than the ethanol demand, which might suggest that higher vola-
tility can be expected in the ethanol market.

The ethanol parameters were more elastic than the gasoline param-
eters, considering the fleet and income parameters. Hence, increases in
fleet or income have a greater impact on the ethanol demand than on the
gasoline demand. Even though LESAGE and PACE (2012) claimed that
the sensitivity of marginal effects to the neighbourhood matrix (W) is a
myth in spatial econometrics, other specifications of W were tested and
the results indicated that our estimates did not present high sensitivity to
this choice.

The literature regarding spatial econometrics is still expanding, and it is
expected that more accurate tests will be available to identify individual
effects in panels with CD. It is important to highlight our novelty of in-
cluding dynamic spatial estimators for the light fuel market in Brazil. How-
ever, the dynamics among variables here were still limited, and the ratio
between short- and long-run effects was the same for all the explanatory
variables. If @ was 0.5, for example, the values of the long-run parameters
would be double those of the short-run parameters for all the variables,
but there is no theoretical or empirical guarantee for that.

The use of ethanol as an alternative fuel in the medium run is reason-
able in producing states, but distance (and logistics) could be a problem.

15 SEN and BERA (2011) have already reported possible over rejection of the BP test in pan-
els with the presence of CD.
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However, higher productivity gains are expected for ethanol than for gaso-
line due to the differences in their learning curves.
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