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Abstract

This paper analyzes the relationship between the production of  agricultural foods (cereals 

and vegetable oils) and the production of  energy by using food. The observed increase 

in economic activities that use energy has had an impulse in the energy industry with 

demonstrates that the agricultural foods and energy production system has been in 

place at least since 2000 and that it remains active or latent depending on the price of  

energetics. The paper also shows that the temperature variations do not lead the system 

avoid making assumptions on the distribution or stability of  the involved variables.
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 decresed dramatically the average price of  energy 

 (FEI

2 (FI

-

 (FOI) began its downward movement in 

between the agricultural foods and the energy prices or the oily cereals and 

et al. 

et al. 

evidence of  a no linear relationship between food and energy prices.

-

man et al.  
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-

This paper will show that there is a non-linear relation between the yields 

economic activity that uses energy causes the rise in the prices of  fuels (biofuels 

 as substitute goods) and the food (as a competitive good with 

biofuels). The mechanism begins with those economic activity that need fuel. The 

related to the fuel usage.

-

population consumes more and better basic goods as food (raises the cereals 

-

mand rising and the increase in the production costs (transport and fertilizers). 

MWT,

althuogh 

corn and oil were redundant to the econometric model (with the associated 

Conditional Correlation model (DCC -

long-run relation among those variables by detecting the number of  cycles and 

of  a phase synchronization study.

 

4
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threaten the food production only if  the crops aimed for biofuels come from 

 for generat-

et al.

carbon neutrality .

et al. (2009). This kind of  models gives 

power because of  their need for calibration and lack of  adaptative response 

when the economic conditions change. 

To overcome the problems of  adaptation to the variable economic condi-

Correction model (VEC

SVMJ).

et al. (2009) calculated that the biofuels produc-

5 

other crop residuals to create the ethanol or the biodiesel. These processes are still in the research 

6

when the fuel is used and the carbon released while raising the crop. 



 The nonlinear relation between biofuels and food prices        7

-

mechanism present in the yields results in a long run dependence between the 

analyzed variables. This long-run relation creates economic cycles that can 

common trends” for the variables.

This research 

rates) of  the studied variables. The second stage consists of  a phase synchroni-

DCC model and show the results of  its application to the analysis of  the volatility 

the levels of  those variables by using a phase synchronization methodology. 

This method work without making any assumptions on the distribution or 

and recommendations.
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Figure 1
General behavior of the analyzed variables
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Source: Own elaboration in R (R Core Team, 2015). 
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Table 1
List of studied variables and their sources

Acronym

Fats and Oils Index, include coconut oil, groundnut oil, palm oil, soybeans, 
soybean oil, and soybean meal. 
Fats and oils Index, 2010 = 100.

Fuel Energy Index 
 Commodity Prices.

Units: Laspeyres Index, 2005 = 100

Food Index includes fats and oils, grains and other food items.
Food Index, 2010 = 100.

Units = Index, 2010 Q1 = 100.
 indices 

consumption in the base period.

Bio Fuel Total Consumptions
Units = Quadrillion Btu.

Units = A million barrels per day.

Average global mean temperature anomalies in degrees Celsius about a base 
period.

 base period: 1951-1980.
 base period: 20th-century average.

1.   ) Surface Temperature 

2.   
).
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DCC -

GARCH) capable of  

DCC was developed by Engle (2002) 

BEKK

proposed Baba et al.

model has the shortcoming of  needing k parameters to capture all the possible 

dependence within the model. This makes it unpractical for models above or 

calculation of  k2 parameters. 

The DCC yit

used variables follow a conditionally multivariate student t distribution with zero 

of  the system yt

yt| t–1 ~ t(0,Ht) 

=t t t tH D R D'

Dt -

sgev) for each 

eGARCH ith  that:

yi,t 
= yi,t–1 

+ zi,t

ln(hi,t) = i + i,t zi,t–1 + i,t ln(hi,t–1)

( )= ε, , ,i t i t i tz h

i,t  sgev( , , )

where sgev( , , ) -

each yield. 
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ε ε'
t t

dynamic correlation structure.

( ) ( )− − −= − − + ε ε +'
1 1 1 1 1 1 11t t tQ a b Q a b Q

Q

of  the whole system with the single GARCH process. 

 

DCC DCC 

-

kowski-Phillips-Schmidt-Shin test (KPSS) et al.

of  the selected variables

the selected variables.

Table 2
 tests for the selected variables

tests, H0: The series is stationary

Level Level Level Trend Trend Level Level

Intercept 0.0907621 0.0767900

p-value
reject H0 reject H0 reject H0 reject H0 reject H0 reject H0 reject H0

Result
Yield_  

is 
stationary

Yield_  
is 

stationary

Yield_  
is 

stationary

Yield_  
is 

stationary

Yield_  
is 

stationary

 
is 

stationary

Yield_  
is 

stationary

(R Core Team, 2015).

7 
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Figure 2
General behavior of the yields of the analyzed variables
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Source: Own elaboration in R (R Core Team, 2015).

FI FEI and FOI -

ior. They are also heavily related to the yield of  the RGDPW

there seems to be a likelihood between changes in the abnormalities in the MWT 

and the use of  BFTC

VAR

may see that there is no evidence for supporting the hypothesis of  linear depen-
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showed.

Table 3
 model for the Fats and Oils, Energy and Food Indexes

 estimation results

Concept

Estimator 0.37280808 –0.03418208 0.09914993

p-value 0.00522 0.44335 0.61954

Estimator –0.06293103 0.25440911 0.46042006

p-value 0.75776 0.00027 0.13599

Estimator 0.1564501 –0.0267685 0.2305634

p-value 0.0787 0.3706 0.0860

DCC rugarch
rmgarch DCC

Table 4
 model for the proposed system 

 

mvt Number series 4

(1,1) Number observations 215

Number parameters 37 Log-Likelihood 2 183.293

[ UncQ] [0 + 28 + 3 + 6] Average Log-Likelihood 10.15

Optimal parameters

Variable Estimate Standard error t value Pr(>|t|)

[Yield_ ].ar1 0.40664 0.087354 4.65509 0.000003

[Yield_ ].omega –1.290125 0.584555 –2.20702 0.027312

[Yield_ ].alpha1 –0.078784 0.09196 –0.85673 0.391596
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[Yield_ ].beta1 0.794795 0.092511 8.59134 0

[Yield_ ].gamma1 0.363825 0.148818 2.44476 0.014495

[Yield_ ].skew 1.08032 0.141882 7.61423 0

[Yield_ ].shape 1.489154 0.208218 7.15191 0

[Yield_ ].ar1 0.263984 0.075067 3.51662 0.000437

[Yield_ ].omega –0.433247 0.504795 –0.85826 0.390747

[Yield_ ].alpha1 –0.098176 0.07082 –1.38629 0.165659

[Yield_ ].beta1 0.91835 0.094343 9.73418 0

[Yield_ ].gamma1 0.345714 0.102901 3.35966 0.00078

[Yield_ ].skew 0.767944 0.094113 8.15983 0

[Yield_ ].shape 2.222134 0.427569 5.19713 0

[Yield_ ].ar1 0.999999 0.015938 62.74198 0

[Yield_ ].omega –2.660299 0.633298 –4.20071 0.000027

[Yield_ ].alpha1 –0.038969 0.095485 –0.40811 0.68319

[Yield_ ].beta1 0.825063 0.043288 19.05996 0

[Yield_ ].gamma1 1.088836 0.231461 4.70419 0.000003

[Yield_ ].skew 0.984703 0.071034 13.86245 0

[Yield_ ].shape 1.117915 0.168073 6.65135 0

[Yield_ ].ar1 –0.36576 0.052654 –6.94644 0

[Yield_ ].omega –0.354398 0.066503 –5.32906 0

[Yield_ ].alpha1 –0.255309 0.091473 –2.79109 0.005253

[Yield_ ].beta1 0.915535 0.016221 56.44038 0

[Yield_ ].gamma1 0.544575 0.213569 2.54987 0.010776

[Yield_ ].skew 0.745359 0.043027 17.32317 0

[Yield_ ].shape 1.352713 0.215032 6.29075 0

[Joint]dcca1 0.013035 0.00766 1.70163 0.088824

[Joint]dccb1 0.962617 0.011845 81.27067 0

[Joint]mshape 13.764672 4.468356 3.08048 0.002067

Information criteria

Akaike –19.966 Shibata –20.014

Bayes –19.385 Hannan-Quinn –19.731

Source: Own elaboration with the rugarch rmgarch
2015b) packages for R.

Table 4, continuation…

Optimal parameters

Variable Estimate Standard error t value Pr(>|t|)
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may see the way in which the correlations among the variables change over 

GDP

economy gets recovered.

Figure 3
Estimated conditional correlation

for the  model
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-

tion spans. This related correlations spans are also the footprint of  the volatility 

clusters and other nonlinearities registered in other works. This characteristic 

-

culations given by previous works. 

the DCC

BDS) test 

Table 5
Multivariate normality test
for the model’s residuals

Henze-Zirkle’s multivariate normality test 

HZ 1.148722

p-value 0.003146105

Source: Own elaboration using (Korkmaz, 
 pack-

age from R.

Table 6
 test for  model’s residuals

 test results

Parameter p value

eps[1] m = 2: 0.06888

eps[1] m = 3: 0.009491

eps[2] m = 2: 0.2014

eps[2] m = 3: 0.2381

eps[3] m = 2: 0.5719

eps[3] m = 3: 0.8257

eps[4] m = 2: 0.9782

eps[4] m = 3: 0.8534

2013) fNonlinear package from R.

DCC

GDP

The volatility spillover occurred when the whole system becomes stressed.
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same variables to test similar relations in original series without making any 
assumptions on the distribution or the stability of  each time series.

The synchronization is used to assess the similarity between two nondeterministic 

pendulum clocks tend to synchronization if  they were on the same surface. This 
type of  synchronization was called “phase synchronization” and originated the 
coupled oscillators analysis. The main characteristic of  this kind of  systems is 

This type of  phenomenological analysis can be used to analyze systems that 
hardly meet the standard assumptions of  independence and joint normality that 

perform this analysis is to normalize (get into a similar scale) all the time series. 

Figure 4
Normalization for the main food

and energy indexes
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The main objective of  using this kind of  methodology is to the obtain the system 

dynamics and to get the time periods in which the cycles of  the series had the 

same duration and therefore are synchronized. It is important to mention 

that this synchronization does not mean that the dynamics of  the series are in 

FEI FI FOI

to be synchronized.

. In the case of  random 

step is to determine how many cycles presents each time series. The article shows 

Table 7
Number of cycles for the smoothed selected variables

Number of cycles for each analyzed variable

6 10 15 1

6 4 19

Source: Own elaboration in Fortran.

The above table provides empirical evidence of  the visual analysis stated with 

FEI FI LFTWC and FOI pres-

FOI is faster and 

LFTWC slower).

Figure 5
Short run cycles for the selected variables

19931992

LFTWC

FEI

FI

FOI

1993 199919981997199619951994 20022000 2001 200820072006200520042003 20112009 2010 20162015201420132012

Source: Own elaboration with Fortran and Excel.

8 f(x) = cos (x) 2  steps 

on its domain (all the real line).
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-

FEI FI FOI 

in the same time (LFTWC

FEI and FI FI and FOI 

with FEI and FOI 

It is also remarkable that FEI and FI

FEI FI is just 

FOI 

being “hooked” in stress periods and may remain independent under other 

conditions. The goodness of  this kind of  analysis is that it seeks synchroniza-

in the amplitude.

variable. The phase is the amount in which each oscillatory cycle increases 2 . 

It can be calculated using: 

−
φ = π + π

−

1

2 1

2 2
t t

k
t t

where k is a counter for the cycles9. The only change will be the number of  the 

k

The empirical analysis revealed so far by the series only refers to its individual 

is synchrony between the dynamics of  these variables is necessary to calculate the 

IF – R = cte

9 In the case of  the f(x) = cos (x) t–t1 and t2–t1 respectively) between 

k1 and k2 respectively) will be constant.
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Figure 6
Phase for the Food Index
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Figure 7

and Food Index
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The constant difference between the phase of  two-time series implies that the 

FEI and 
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FI

Figure 8
Resume for phase synchronization for selected variables 
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-
stant phase synchronization since 2000 (when the biofuels became popular) . 
The reader also may see that the phase synchronization is partially lost when 

-

MWT. The lack of  phase synchro-
nization of  the anomalies of  the global average temperature indicates that the 
shock does not come from the global agricultural sector (it is not so decisive 

prices control the amount of  resources used for energy and food as the rest of  
the economy plump or fall.

BFTC

LFTWC FI FEI, and the 
RGDPW DCC model and 

the phase synchronization methodology.
The paper also showed with the DCC model that is the RGDPW

the MWT the variable that unchains the movements of  the whole system. The 
transmission mechanism starts with the RGDPW pushing up the LFTWC and thus 
its prices (FEI

BFTC

(FOI FI). The effect on 

The phase synchronization methodology showed that the apparent dis-

10 BFTC; LFTWC; FI, 

FEI.
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latent. It also demonstrated that this mechanism is present since 2000 when 
the biofuels began to be popular and remain untouched even when there are 
temperature anomalies (MWT). 

The last argument does not attempt to be a reason for stopping worrying 

harvests due the climate change in a cereal producer country and the cereal 

need some local food and grain production or long run commercial agreements 
with trustable partners to use the market mechanisms to control the sure in 
the food prices. 

The paper also demonstrated that the nonlinearity of  the problem comes 

the volatility clusters on the grains and energetic markets and the lags on the 

and the time in which the food market responds to the changes may be the 
cause of  that lag.

It remains as a possible line of  research the temporary effects of  this adjustment 
mechanism to the poverty and the energy industry.

increase food prices? Energy  

-
ARCH. Mimeo

American Journal of  Agricultural Economics  

Impact of  biofuel production on 

world agricultural markets: A computable general equilibrium analysis [GTAP -
GTAP) 
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-

GDP

we perform a traditional cointegration analysis to assess the impact of  the long-run 

-

GEV

-

stated points encourage to a wider and deeper debate.

Keywords

JEL

E -

interno bruto (PIB) -

-

nentes de largo plazo de la demanda de biocombustibles. Encontramos una consistencia 

 

 

conduce el consumo de biocombustibles y su precio pueden no ser t de Student ni una 

GVE
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-

-

mencionados anteriormente fomentan un debate más amplio y profundo.

Palabras clave

alimentos.

 JEL

There is some relevant empirical evidence in the specialized literature that points 

what is the effect on other key variables of  the economy? In order to analyze 

and agricultural foods (cereals and oils) prices” proposes an innovative tool in 

 of  

a possible nonlinear dependence between agricultural foods and biofuel prices. 

DCC

FDP

dependence of  the variables in the data (not covered in the reviewed paper) 
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(GARCH)

Bauwens et al

arose from the need of  comparing the results from the reviewed paper with 

capture some of  the volatility cluster and non-normalities associated with the 

-

system (we cannot say the same for the original data due to the non-stationarity 

of  the time series). This volatility clusters show the tipical non-normality and 

GEV) distribution or a Student t distribution associated with a GARCH 

model for each variable.

 

damaged for consumers when the crops are used to produce fuel instead of  

being used as food. The alternative uses for cereal is a particularly sensitive issue 

we present a Markov switching model for the volatility of  biofuel consumption. 

determine the volatility of  the biofuel consumption. This two-step estimation is 

-

1 INEGI
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Table 1
List of variables and their sources

Acronym

Fats and Oils Index, include coconut oil, groundnut oil, palm oil, soybeans, soybean oil, 
and soybean meal. 
Fats and oils Index, 2010 = 100.

Fuel Energy Index 
 Commodity Prices.

Units: Laspeyres Index, 2005 = 100

Food Index includes fats and oils, grains and other food items.
Food Index, 2010 = 100.

Units = Index, 2010 Q1 = 100.
 indices for various 

period.

Bio Fuel Total Consumptions
Units = Quadrillion Btu.

Units = A million barrels per day.

Average global mean temperature anomalies in degrees Celsius about a base period.
 base period: 1951-1980.

 base period: 20th-century average.

1.   ) Surface Temperature Analysis, 

2.   
( ).
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Figure 1
Global behavior of the selected variables
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is a common trend in the data set. This trend seems tainted by some joint me-

dium run departures from the trend under high volatility environments. This 

et al KPSS

may compare all the tests with the same statistic.

2 where the Biofuel Total 

2

provides better results.
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Consumption (BFTC FEI FI) are 

the cointegrated variables. This result represents an econometric corroboration 

run relationship between these variables. 

Table 2
Results of the  stationary test for the data set

 unit root test Exogenous: Trend and intercept

295 observations

H0: S_N_BFTC is stationary Non-Stationary 0. 409573

H0: S_N_FEI is stationary Non-Stationary 0.164138

H0: S_N_FI is stationary Non-Stationary 0.261762

H0: S_N_FOI is stationary Non-Stationary 0.234096

H0: S_N_FUEL_OIL is stationary Non-Stationary 0.157051

H0: S_N_LFTCW is stationary Non-Stationary 0.189594

H0: S_N_MWT is stationary Non-Stationary 0.273232

H0: S_N_RGDPW is stationary Non-Stationary 0.181814

Asymptotic critical value*

5% 0.146

Note: In all the cases, we use a constant and linear trend assumption, so they share the 
critical values.
Source: Own elaboration with E-Views 9.0.

Table 3
Cointegration tests for the proposed system

Cointegration test for all the variables in levels

Lags interval: 1 a 4 Observations: 211

Series: S_N_BFTC, S_N_FEI, S_N_FI, S_N_FOI, S_N_FUEL_OIL, S_N_LFTCW, S_N_MWT, 
S_N_RGDPW 

Number of cointegrating relations by model selected (0.05 level*) 

None None Linear Linear Quadratic

Test type No intercept Intercept Intercept Intercept Intercept

No trend No trend No trend Trend Trend

Trace 3 3 3 3 3

2 2 2 2 3

Source: Own elaboration in E-Views 9.0.
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sustaining the hypothesis of  a long-run relationship (an economic subsystem) 

among the analyzed variables and the BFTC. It is worth emphasizing that we short-

GDP  (RGDPW) in the analysis.

-

BFTC FOI) has 

a negative sign which means that as the price of  the natural fats

FUEL_OIL) is appropiate. The 

sign is common for any pair of  substitute goods as the fuel oil and the biofuels. 

vice-versa.

LFTC) has a similar behave.

MWT) 

thus it has a positive sign. The RGDPW

is consistent with a lower demand for biofuels.

3

4 

5
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Table 4
Cointegration analysis for the selected variables

Vector Error Correction Estimates ( )

 Included observations: 213 after adjustments

 Standard errors in ( ) and t-statistics in [ ]  

Cointegrating equation CointEq1 CointEq2 CointEq3

S_N_BFTC(–1) 1 0 0

S_N_FEI(–1) 0 1 0

S_N_FI(–1) 0 0 1

S_N_FOI(–1)

–0.00105 –0.42666 1.003163

–0.00029 –0.11492 –0.72429

[–3.5990] [–3.7126] [1.3850]

S_N_FUEL_OIL(–1)

0.04678 –45.7351 –88.7900

–0.01006 –3.9551 –24.9269

[4.6484] [–11.563] [–3.5620]

S_N_LFTCW(–1)

–0.01228 –5.60236 46.4719

–0.00353 –1.38643 –8.73794

[–3.4814] [–4.0408] [5.3184]

S_N_MWT(–1)

0.27124 105.292 –560.916

–0.03854 –15.1471 –95.4643

[7.0372] [6.9512] [–5.8756]

S_N_RGDPW(–1)

–0.00012 1.18754 –12.2247

–0.00138 –0.54285 –3.42132

[–0.0900] [2.1876] [–3.5731]

C 0.82917 299.286 –2 472.61
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Error correction D(S_N_BFTC) D(S_N_FEI) D(S_N_FI) D(S_N_FOI) D(S_N_FUEL_OIL) D(S_N_LFTCW) D(S_N_MWT) D(S_N_RGDPW)

–0.18580 1.78783 –24.0536 –7.98995 –3.480164 –26.37808 –1.664596 –0.818662

–0.04345 –62.5523 –25.4186 –35.4839 –1.43929 –11.1632 –0.66053 –0.82733

[–4.2762] [0.0285] [–0.9463] [–0.2251] [–2.41798] [–2.36294] [–2.52009] [–0.98952]

–6.7E-05 –0.33934 –0.05751 –0.03367 0.001381 0.010278 –0.000818 –0.000985

–6.7E-05 –0.09678 –0.03933 –0.0549 –0.00223 –0.01727 –0.00102 –0.00128

[–1.0055] [–3.5063] [–1.4625] [–0.6133] [0.62031] [0.59511] [–0.80051] [–0.76955]

–8.7E-05 –0.02316 –0.00773 0.007319 –0.000497 –0.01509 –0.000516 –0.000473

–1.7E-05 –0.02472 –0.01004 –0.01402 –0.00057 –0.00441 –0.00026 –0.00033

[–5.1106] [–0.9373] [–0.7703] [0.5219] [–0.87370] [–3.42104] [–1.97817] [–1.44749]

D(S_N_BFTC(–1))

–0.34466 58.2863 78.45006 131.1614 2.801201 7.661477 1.544425 –1.705255

–0.07078 –101.896 –41.4062 –57.8022 –2.34455 –18.1846 –1.07599 –1.3477

[–4.8695] [0.5720] [1.8946] [2.2691] [1.19477] [0.42132] [1.43536] [–1.26531]

D(S_N_BFTC(–2))

–0.00411 6.43941 80.53966 140.185 1.029458 30.49925 1.818848 –2.048047

–0.06723 –96.7812 –39.3278 –54.9008 –2.22687 –17.2718 –1.02198 –1.28005

[–0.0612] [0.0665] [2.0479] [2.5534] [0.46229] [1.76584] [1.77974] [–1.59998]

D(S_N_FEI(–1))

–7.30E-06 0.11919 –0.0602 –0.11077 0.006036 –0.021935 –0.001318 –0.001837

–7.9E-05 –0.11315 –0.04598 –0.06419 –0.0026 –0.02019 –0.00119 –0.0015

[–0.0929] [1.0534] [–1.3092] [–1.7258] [2.31834] [–1.08625] [–1.10277] [–1.22770]

D(S_N_FEI(–2))

–1.7E-05 0.0357 0.043802 0.058952 –0.001419 –0.007083 0.000197 0.001044

–5.7E-05 –0.08186 –0.03326 –0.04644 –0.00188 –0.01461 –0.00086 –0.00108

[–0.3073] [0.4361] [1.3167] [1.2695] [–0.75313] [–0.48487] [0.22752] [0.96447]

D(S_N_FI(–1))

–0.00049 0.25828 0.075911 –0.11442 0.008446 0.102736 0.001748 0.000612

–0.00025 –0.35543 –0.14443 –0.20162 –0.00818 –0.06343 –0.00375 –0.0047

[–1.9879] [0.7266] [0.5255] [–0.5675] [1.03272] [1.61966] [0.46561] [0.13017]
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D(S_N_FI(–2))

–0.00015 0.74736 0.127572 0.178477 0.014234 –0.044485 0.004642 0.003423

–0.00025 –0.35955 –0.14611 –0.20396 –0.00827 –0.06417 –0.0038 –0.00476

[–0.6334] [ 2.0786] [0.8731] [0.8750] [1.72057] [–0.69328] [ 1.22261] [0.71989]

D(S_N_FOI(–1))

0.00036 –0.01782 0.242261 0.487702 –0.005882 –0.078677 –0.000698 –0.000738

–0.00017 –0.2505 –0.10179 –0.1421 –0.00576 –0.04471 –0.00265 –0.00331

[2.1036] [–0.0711] [2.3799] [3.4320] [–1.02049] [–1.75990] [–0.26370] [–0.22271]

D(S_N_FOI(–2))

6.49E-05 –0.30067 –0.06987 –0.20032 –0.001937 0.04085 –0.003898 –0.001336

–0.00018 –0.25707 –0.10446 –0.14583 –0.00591 –0.04588 –0.00271 –0.0034

[0.3633] [–1.1696] [–0.6689] [–1.3736] [–0.32740] [0.89043] [–1.43610] [–0.39288]

D(S_N_FUEL_OIL(–1))

–0.00224 16.7401 2.516064 6.785148 –0.036038 1.655656 0.013134 –0.025602

–0.00412 –5.93557 –2.41197 –3.36705 –0.13657 –1.05928 –0.06268 –0.07851

[–0.5450] [2.8203] [1.0431] [2.0151] [–0.26387] [1.56301] [0.20955] [–0.32612]

D(S_N_FUEL_OIL(–2))

–0.00161 –5.08647 –2.58390 –2.65399 –0.125749 0.21475 0.015121 0.010732

–0.00362 –5.21275 –2.11824 –2.95702 –0.11994 –0.93028 –0.05504 –0.06894

[–0.4451] [–0.9757] [–1.2198] [–0.8975] [–1.04842] [0.23084] [0.27471] [0.15567]

D(S_N_LFTCW(–1))

0.00120 –0.39310 0.086637 –0.15441 –0.006091 –0.277101 –0.000297 0.010111

–0.00035 –0.50839 –0.20659 –0.28839 –0.0117 –0.09073 –0.00537 –0.00672

[3.4015] [–0.7732] [0.4193] [–0.5354] [–0.52068] [–3.05417] [–0.05538] [1.50376]

D(S_N_LFTCW(–2))

0.00020 0.04403 0.23832 0.24968 –0.000725 –0.135854 –0.004686 0.013329

–0.00029 –0.41242 –0.16759 –0.23395 –0.00949 –0.0736 –0.00436 –0.00545

[0.7020] [0.1067] [1.4220] [1.0672] [–0.07643] [–1.84579] [–1.07604] [2.44358]

D(S_N_MWT(–1))

0.00352 15.3454 6.75086 9.635814 0.333715 –0.993461 0.138072 0.004021

–0.005 –7.19209 –2.92256 –4.07984 –0.16549 –1.28352 –0.07595 –0.09512

[0.7059] [2.1336] [2.3099] [2.3618] [2.01659] [–0.77401] [ 1.81803] [0.04227]

D(S_N_MWT(–2))

0.00506 8.81920 6.823274 10.31039 0.429035 –1.790619 –0.130268 0.11753

–0.00494 –7.11475 –2.89114 –4.03597 –0.16371 –1.26972 –0.07513 –0.0941

[1.0246] [1.2395] [2.3600] [2.5546] [2.62077] [–1.41025] [–1.73391] [1.24897]

Table 4, continuation…

Error correction D(S_N_BFTC) D(S_N_FEI) D(S_N_FI) D(S_N_FOI) D(S_N_FUEL_OIL) D(S_N_LFTCW) D(S_N_MWT) D(S_N_RGDPW)
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D(S_N_RGDPW(–1))

0.01013 –3.04180 –1.36840 –1.85120 –0.031725 0.085642 –0.010645 0.871351

–0.0037 –5.33232 –2.16683 –3.02485 –0.12269 –0.95162 –0.05631 –0.07053

[2.7352] [–0.5704] [–0.6315] [–0.6120] [–0.25857] [0.09000] [–0.18906] [12.3549]

D(S_N_RGDPW(–2))

–0.00449 1.25465 –0.77831 –3.12133 –0.061282 1.50407 0.046166 0.006256

–0.0038 –5.47392 –2.22437 –3.10518 –0.12595 –0.97689 –0.0578 –0.0724

[–1.1817] [0.2292] [–0.3499] [–1.0052] [–0.48655] [1.53965] [0.79868] [0.08640]

C

–0.00079 0.44192 0.524382 1.17012 0.020888 –0.294264 –0.008836 0.030408

–0.00062 –0.88896 –0.36124 –0.50428 –0.02045 –0.15865 –0.00939 –0.01176

[–1.2813] [0.4971] [1.4516] [2.3203] [1.02122] [–1.85484] [–0.94132] [2.58623]

0.32506 0.51526 0.356351 0.36204 0.257433 0.398514 0.19148 0.766166
Adjustment 

0.25862 0.46754 0.292987 0.299236 0.184331 0.3393 0.111885 0.743147

0.00387 8 021.92 1 324.636 2 581.395 4.247037 255.4896 0.894496 1.403299

0.00447 6.44704 2.619809 3.657199 0.148342 1.150557 0.068079 0.08527

F-statistic 4.89232 10.7977 5.623845 5.764575 3.521538 6.730103 2.405671 33.28282

Log likelihood 860.280 –688.684 –496.873 –567.929 114.7211 –321.6052 280.6179 232.6588

Akaike Information 
Criterion 

–7.88995 6.65431 4.853271 5.520464 –0.8894 3.20756 –2.447116 –1.996796

Schwarz Criterion –7.57434 6.96992 5.168885 5.836078 –0.573786 3.523174 –2.131502 –1.681182

0.00053 0.26708 0.190238 0.1714 0.003671 0.092672 0.001639 0.254748

0.00520 8.83527 3.115702 4.368805 0.164251 1.415487 0.07224 0.168249

6.18E-09 Akaike Information Criterion 4.740043

2.81E-09 Schwarz Criterion 7.643694

Log likelihood –320.814

Source: Own elaboration with E-Views 9.0.
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graph of  residual for the proposed VEC

residuals are stationary presenting the classical problems of  non-normality and 

volatility clusters. This issue may be corrected using a fractional cointegration 

Figure 2
Residuals from the proposed  system
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Source: Own elaboration with E-Views 9.0.

conclude that the VEC

the idea of  a common trend without saying anything for the normality of  the 
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Table 5
Breitung (2002) joint unit root test for the residuals

of the cointegration model

Joint unit root test for the residuals of the cointegrated model

H0: Unit root (common unit root process) 

linear trends

Automatic lag length selection based on SIC: 0 to 11

Observations: 1 665  

Method Statistics Probability

Breitung t-statistics –14.1753 0

Source: Own elaboration with Eviews 9.0.

VEC 

system. In this test we conclude that the residuals are not normal.

Table 6
Normality tests for the residuals of the  

 residual normality tests

H0: residuals are multivariate normal Orthogonalization: Cholesky (Lutkepohl)

Included observations: 213

Component Skewness Chi-sq df Probability

1 –0.780767 21.6407 1 0

2 –0.648426 14.92621 1 0.0001

3 0.067133 0.159991 1 0.6892

4 0.050396 0.09016 1 0.764

5 0.115837 0.476345 1 0.4901

6 –0.267806 2.546055 1 0.1106

7 0.340915 4.125923 1 0.0422

8 –0.810732 23.33367 1 0

Joint  67.2990512 8 0

Source: Own elaboration with E-Views 9.0.
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Figure 3 
 Cointegrated vectors from the  analysis
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Source: Own elaboration in E-Views 9.0.

et al

KPSS

GARCH

present some common volatility clusters that support the hypothesis of  vola-

tility spillover. This behavior is also consistent with the hypothesis of  a Markov 

switching model that involves the selected variables. 



 The nonlinear relation between biofuels and food prices        41

Table 7
Stationarity tests for the yields of the studied variables

 unit root test Exogenous: Intercept

295 observations

H0: S_Y_BFTC is stationary Stationary 0.441122

H0: S_Y_FEI is stationary Stationary 0.135790

H0: S_Y_FI is stationary Stationary 0.097260

H0: S_Y_FOI is stationary Stationary 0.070365

H0: S_Y_FUEL_OIL is stationary Stationary 0.155069

H0: S_Y_LFTCW is stationary Stationary 0.270297

H0: S_Y_MWT is stationary Stationary 0.078201

H0: S_Y_RGDPW is stationary Stationary 0.305070

Asymptotic critical value*

5% 0.463

Note: In all the cases, we use a constant and linear trend assumption, so they share the 
critical values.
Source: Own elaboration in E-Views 9.0.

Figure 4 
Yields for the selected variables
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The Markov switching approach assumes that the volatility in the yield (re-
turn) of  the Biofuel Total Consumption results from the volatility of  some of  
the yields from the selected variables. The reason for this may be the switching 

-
plementation of  a suitable econometric model.

GARCH analysis will be used to verify the 

GARCH model to each yield taking into account the 
GARCH 

ARMA-GARCH procedure and discriminate among 
2

of  each individual modeling.
ARMA-GARCH 

GARCH vol-
atility outcome.

Figure 5
 outcomes from the models presented in Table 8 
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Table 8 
 models for each yield of the selected data

 S_Y_BFTC S_Y_FEI S_Y_FI S_Y_FOI S_Y_LFTCW

Mean equation Probability Probability Probability Probability Probability 

C 0.012924 0      0 0.001289 0

AR(1) –0.4066 0 0.266123 0.0002   0.378075 0.0121 –0.11109 0

AR(2)     0.121171 0.024 –0.133752  0.629594 0

AR(4) –0.188658 2E-04       –0.177152 0

AR(5)         –0.436163 0

    0.337825 0   –0.485542 0

        –0.838647 0

        0.633264 0

Variance equation Probability Probability Probability Probability Probability

0.326795 5E-04 0.180957 0.233 0.064158 0.0003 0.054571 0.001 –0.017801 0

–0.27389 0.006         

0.947095 0 0.779488 0.013 0.935842 0 0.945429 0 1.017801 0

1.475429 0       2.481012 0

  21 576.87 0.999 10.56482 0.024 6.256521 0   

0.152423 0.085537 0.139685 0.134287 0.417049

Source: Own elaboration using E-Views 9.0.
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GARCH -

dure using those volatilities as inputs for a Markov Switching (MS) model. The 

best Markov switching model allows different volatility states and sets the vol-

FI

regimes (the switching variable) with different signs on each regime. The MS 

BFTC

-

portant discovery because it states that under a scenario of  volatility and high 

endanger the human and livestock food supply.

Table 9
Markov Switching model parameters for the volatility

of the Biofuels Total Consumption 
S_GARCH_Y_BFTC

Number of states: 2

(rng = kn, seed=768605571) Observations: 211

Variable Standard error Probability 

Regime 1

S_GARCH_Y_FI –1.561155 0.754759 –2.068415 0.0386

LOG(SIGMA) –6.489184 0.080491 –80.62028 0

Regime 2

S_GARCH_Y_FI 17.37725 3.891146 4.465844 0

LOG(SIGMA) –3.858531 0.097274 –39.66672 0

Common

S_GARCH_Y_FOI 1.046886 0.375308 2.789401 0.0053

S_GARCH_Y_LFTCW 31.71444 1.745263 18.17172 0

Transition matrix parameters

P11-C 3.268473 0.449756 7.267214 0

P21-C –2.295247 0.475962 –4.822336 0

0.00953 0.013368

S.E. of regression 0.011542 0.027308

1.428012  Log likelihood 883.43

Akaike Information Criterion –8.297915  Schwarz criterion –8.17083

Source: Own elaboration with E-Views 9.0.
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(LFTCW

tends to increase the volatility in the LFTCW. Both increments may result in higher 
volatility for the Biofuel Total Consumption. Table 9 shows the complete set 
of  Markov switching results.

-
licates the volatility episodes of  the Biofuels Total Consumption with relative 

diffusion volatility process that is seen as a future research. 

Figure 6
Residuals in the proposed Markov switching model
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Source: Own elaboration with E-Views 9.0.

of  chance.
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Table 10
Transition probabilities for the Markov Switching model 

EQ_MS_GARCH_GPO3_GARCH

expected durations

Observations: 211

Constant transition probabilities

P(i,k) = P(s(t) = k|s(t – 1) = i), (row = i j)

 1 2

1 0.963348 0.036652

2 0.091529 0.908471

Constant expected durations

 1 2

27.28383 10.92554

Source: Own elaboration with E-Views 9.0.

in a certain regime as time changes. The second regime is the one associated with 
high volatilities in the system.

Figure 7
Regime probabilities for the Markov Switching model 
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oil prices to create incentives for biofuel consumption. The economic incentives 

may endanger the role of  cereals and oils as food while they serve as energy 

up to our knowledge there is no study of  the impact of  an increase in food 

consumption. 

season derived from the climate factors. The combination of  those scenarios 

(bad agricultural season and climate irregularities) creates conditions for a rise in 

hunger in developing countries with growing populations and more degradated 

means a close relation between some cereals and crops prices and its alterna-

cointegration appears appropriate to deal with the non-normality issue of  the 

residuals.

-

the non-normality of  the GARCH processes using a Student t distribution or a 

GEV distribution for the innovations. This leads to a switching volatility process 

study in the characterization of  that stochastic process is a future research 
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between energy consumption and economic growth: Evidence from Turkey. 
Energy Economics  

GARCH models: 
Journal of  applied econometrics  

Journal 

of  Econometrics  

-
sality. Energy Economics  

Investigación Económica  forthcomming.
-

variate generalized aut oregressive conditional heteroskedasticity models. 
Journal of  Business & Economic Statistics   

-
tionary time series and the business cycle. Econometrica  

INEGI  Banco de Información Económica (BIE

INEGI

Econometrica

-
rence on cointegration with applications to the demand for money. Oxford 

Bulletin of  Economics and Statistics  

sure are we that economic time series have a unit root? Journal of  Econometrics  

Global Social Policy  

functions of  likelihood ratio tests for cointegration. Journal of  Applied Econo-

metrics  
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-

gy futures markets. Energy Economics  

Reply to the comments by Venegas and Ortiz

The relationship between the food prices and the biofuels prices is a delicate 

issue that possesses a lot of  interesting facets that must be studied in detail. 

Not only because of  the interesting nonlinear and technical aspects involved 

between them and the economic cycle that arises from their relationship. 

always hoping that the academic study that begun here may grow and give us 

some insight into the better use of  the scarce and limited resources on our planet.

-

ties in both papers (mine and the one made by the referees). This nonlinearity 

seems to be triggered by the oil price and starts a process where the economic 

that creates the regimes detected in the second paper.

a GEV  

-

stable realizations that are susceptible to be analyzed by an econometric method.

(phase synchronization) that may capture the effects of  a system that may be non- 

-

chastic because small variations in the initial conditions result in wide-ranging 

variations in the results) system. The phenomenological methodology used in the 
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strong relation between those variables and the economic mechanism previ-

ously described.

not linear (they found nonnormal errors). Even if  the fractionally cointegrated 

phase synchronization is that all the analysis is free of  any distribution assumption. 

research line that is connected to the assessment of  the chaotic nature of  the 

better decisions for us and future generations.
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