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Figure 1- Energy consumption of agriculture and agricultural commodities real price index in Iran over the period 1991-2016
(million ton of Crude Oil Equivalent (COE))
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1- Nonlinear autoregressive distributed lag model
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3- Transition Probability Matrix
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2- Artificial Neural Network
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Table 2- Descriptive statistics of variables during 1991-2017
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Table 3- KSS unit root tests results
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Variable Autocorrelation Degree t-KSS t-statistic  Probability
API 1 3.03 1.68 0.0026*
PPI 7 -1.97 1.9 0.049*
FPI 9 -1.9 1.9 0.036*
EC 12 4.80 1.9 0.000*

Source: Authors’ estimates using Eviews10
Note: * denote significance at 5% level

All variables are in natural logarithm
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Table 4- Result of Zivot and Andrews one-break test

Pl g pw [EXTER osl oylel g, lA lw Cunsld
Series Lags included# t-statistics  Break season
API 8 -4.70* 2005:2
PPI 0 -4.61* 1995:3
FPI 0 -4.59* 2009:4
EC 9 -4.32* 2010:2

Source: Authors’ estimates using Eviews10
Note: All variables are in natural logarithm
# Lags for the difference of the series selected via t-test
* denote statistical significance at 5% level.
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Table 5- Result of Lee and Strazicich two-break test

Gl g agesloglel g lA L Cunsls
Series t-statistics Breaks
API -5.46** 2001:1 2014:1
PPI -5.16** 1995:1 1997:2
FPI -4,82** 2004:1 2011:2
EC -4,88** 2011:2 2013:3

Source: Authors’ estimates using Eviews10
Note: All variables are in natural logarithm
*and ** denote statistical significance at 10% and 5% levels, respectively
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4- Akaike information criterion
5- Likelihood Ratio
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Table 6- Result of BDS test

83151 Jlial z a)loi sbro slas ‘:,5.9)'1 a)toi
Dimension Prob  Z-statistics Std. Error BDS Statistic
2 0.00 8.302 0.007 0.061
3 0.00 11.618 0.011 0.136
4 0.00 12.926 0.014 0.182
5 0.00 14.510 0.014 0.214
6 0.00 16.761 0.014 0.241

Source: Authors’ estimates using Eviews10
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Table 7- Results of estimated lag and regime for MS models
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Number of regimes Model [MS-AR] Number of lags Log likelihood AlC
MS(2)-AR(1) 1 189.580 -3.46
MS(2)-AR(2) 2 206.335 -3.77

2 MS(2)-AR(3) 3 209.411 -3.829
MS(2)-AR(4) 4 211.905 -3.898

MS(2)-AR(5) 5 221.372* -4.068*

MS(3)-AR(1) 1 215.939 -3.998

MS(3)-AR(2) 2 221.210 -4.044

3 MS(3)-AR(3) 3 217.298 -3.884
MS(3)-AR(4) 4 218,510 -3.870

MS(3)-AR(5) 5 220.943 -3.998

Source: Author’s estimates using PcGive in OxMetrics 7

[Note the asterisk * denotes the chosen model]
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Table 8- Determination the optimal type of Markov Switching model

S-S jlo Jo

MS-AR(5)

MSI-AR(5)

MSMH-AR(5)

MSIA-AR(5)

MSMA-AR(5)

MSIH-AR(5)

MSIAH-AR(5)

MSAH-AR(5)

ST o, Lo
AIC
Y w5 ¥
Regime 2 Regime 3
-3.423 -3.745
-3.647 -3.568
-4.119 -4.027
-3.436 -3.442
-4.119 -4.025
-4.126* -4.060
-3.972 -4.054

Source: Author’s estimates using PcGive in OxMetrics 7

[Note the asterisk * denotes the chosen model]
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Table 9- Estimation results of MSIAH (2) — AR (5) model for the period 1991(2) — 2017(1)

\N=33) 37
Regime 1 Regime 2
calpe Jllghe ol Jlisl ghe

Coefficient P-value Coefficient P-value

Constant 3.361** 0.000 4.754** 0.000

API(-1) 0.719** 0.000 0.638** 0.000

API(-2) -0.384** 0.001 -0.315** 0.003

API(-4) -0.144** 0.025 0.195** 0.038

API(-5) -0.140** 0.001 -0.518** 0.000

PPI 0.151** 0.000 -0.026* 0.058

FPI 0.072** 0.000 -0.002 0.838

EC -0.128** 0.001 -0.067** 0.014

a? 0.015 0.0019 0.024 0.002

Log likelihood 224.248
AIC -4.126
LR-test x2 39.750 (0.000)
DAVIES 0.000

Portmanteau test ¥2 (12 lags) 19.236 (0.069)
Normality test y2 0.268 (0.874)
ARCH 1-1 test 0.0047 (0.45)

Source: Author’s estimates using PcGive in OxMetrics 7

*and ** denote statistical significance at 10% and 5% levels, respectively.
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Source: Author’s estimates using PcGive in OxMetrics 7
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Table 10- Results of Transition probability MS-AR

Y] Jlis Jol w3y P9 i)

Transition probability Regime1l Regime 2
Regime 1 0.874 0.07
Regime 2 0.126 0.93
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Table 11- Regime Classification: Episodes of two regimes for the period 1991(2) — 2017(1) (Smoothed Probabilities)

2,99 K
Period Total
Jol w3y b Jua Jlas! (ke
Regime 1 Quarters Average Probability
1992(3)-1992(4) 2 0.974 36 quarters (36.36%) with an average duration
1999(3)-2003(1) 15 0.949 of 9 quarters.
2008(3)-2010(4) 10 0.990
2013(3)-2015(3) 9 0.994
#9° m23) o Jad Jbozsl (ke
Regime 2 Quarters Average Probability
1993(1)-1999(2) 26 0.989 63 quarters (63.64%) with an average duration
2003(2)-2008(2) 21 0.868 of 15.75 quarters.
2011(1)-2013(2) 10 0.991
2015(4)-2017(1) 6 0.950

Source: Author’s estimates using PcGive in OxMetrics 7
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Introduction: Today, the food-energy nexus is a vital issue. Energy in the food production chain is an
essential feature of agricultural development and a critical factor in achieving food security. Energy use in the
agricultural sector has increased to respond to the growing demand of the population, as well the limited supply
of cultivated lands, and the desire for high standards of living. Therefore, the agricultural sector is heavily
dependent on energy that affects agricultural prices. Agricultural price fluctuations are one of the most critical
challenges for policymakers. The rapid rise in food prices has a significant negative impact on social welfare,
especially the poor in developing countries, which is an issue that is more critical in developing countries than in
developed countries. According to the Food and Agriculture Organization (FAQO) report in 2018, the food world
price index increased from 89.6 to 229.9 during the period from 2002 to 2011. Our literature review shows a
distinct lack of research on modeling and analyzing the linkage between agricultural input price shock,
especially energy and agricultural commodity prices in Iran.

Materials and Methods: The Markov Switching model is a popular non-linear time-series model that
involves multiple equations and can characterize the time-series behaviors in different regimes. This model is
suitable for describing correlated data that exhibit distinct dynamic patterns during different periods. So,
considering the sensitivity of food security and the impact of agricultural input, the main objective of this paper
is to develop an econometric model to gain reliable insight into the impact of energy consumption on agricultural
inflation, using the Markov Switching approach. To estimate this equation, we will run a MS-AR model, some
preliminary tests, such as unit root test and stability test, are employed to ensure the reliability of MS-AR
estimation results.

Results and Discussion: Due to use of time series data, it is necessary to check the stationary status of
variables. We performed a common non-linear unit root test (Kapetanios, Shin and Shell (KSS), Zivot and
Andrews, Lee and Strazicich). These results reveal that we can significantly reject the null hypothesis of unit
root for API, PPI, FPI, and EC, implying that all four variables considered in this study are stationary with
structural breaks at levels. The Markov-Switching model has the various types that each of these is a particular
component of the regime-dependent equation. Therefore, to choose the best type, the Akaike information
criterion was used, and the model with the minimum value was selected as the optimal one. After model
estimation and selection, the LR test indicated that the hypothesis of linearity could be rejected in favor of a
Markov switching model. According to this model, the period of the Markov switching model estimation is
classified into two regimes. Approximately, all the estimated coefficients of the MSIAH (2) - AR (5) model are
found to be significant at the conventional level.

Conclusion: The estimation results are consistent with theoretical foundations illustrating the importance of
input prices and energy consumption on agricultural commodity prices. As with most experimental studies
reviewed, this study has also shown energy consumption has a negative impact on agricultural commodity
prices. In other words, it can be contended that during the study period, agricultural input prices have been
influential factors on agricultural commaodity prices. The findings revealed that the low inflation rate and high
inflation rate regimes are stable and that only extreme events can switch regimes. The results of the MS model
showed that the effect of input prices on agricultural inflation is different in regimes. In the case of energy, the
impact of energy consumption on agricultural commodity prices in the high inflation rate regime is less than the
low inflation rate regime because the elimination of energy subsidies policy has been applied in the second
regime (high inflation rate). Thus, the results indicate the asymmetric impact of energy consumption shocks on
agricultural commodity prices. The effect of agricultural input prices on agricultural commaodity prices indicates
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that Iranian agriculture is significantly affected by changes in input prices. In this study, changes in input prices
were caused by various shocks, such as the elimination of energy subsidies and drought. Therefore, it can be
concluded that the elimination of energy subsidies and drought were, directly and indirectly, able to affect
agricultural inflations through the price of inputs. In conclusion, planners and policymakers must pay attention to
this asymmetry in agricultural commodity prices volatility to increase the price stability in agriculture as much as
possible by appropriate policy tools.
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