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Million Ton of Crude Oil Equivalent

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

2002

2003
2004
2005
2006
2007
2008
2009
2010
2011

Sadl slayisn o yieten j (So hyshiS s ol

& ynly WY s iame 00 LS Ay i Sy la e d a S Clwl
by Ay g) Came Sl 3)90 (S Dlge 08 (bl g (Sl yil)
«sdaidl glo gy S ol jl gyl > (L) LS cdnel>
Jbw 3 550 SSb )5S eblp 2y (ol g (eloia]
5 Jusl Z3A (sl el g 5 7N dgas sk ol VYRA
ol 03y olatsl sg 4y 1) youiS i e Slpalo 200 51 iy
Cuad Sblugs (lnl (65,5l (id (ool ol 51 (So (V)
Ol (He Ll )3 1) (S5) 0 (i oS Canl (6)5laS Y guaea
ol o (glaod S e et Licuasd IS o L
G\a.w 9 d)’)gtﬁf L;Lza\/lf Qlf.\;.;f)al.o ¢O1§J.;.:S dJ.)LyO ‘Ql)‘”Lﬁf

120
115
110
105
100
95
90
85

2012
2013
2014
2015
2016

== Agricultural Energy Consumption ;,,lis ise ;5 (o5l <bypas

= == Agricultural Real Price Index (;,sLis &Y gamo dly cuod asls

(Pl s Jolro (57 (ygubo)
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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1- Smooth Transition Autoregressive
2- Artificial Neural Network



YEY  6309liS Gidu 53 0395 9 (5551 B pan (has yué bLI,l anlllan ()50 9 (S

b g pletiuly e @b lade cp il (b ]
(U] o iy g Jolao

(V) 59 slaShy sl p aige Jho Sl -©

— s ) Jie ciliee clacdls gl Wygy s s -7
5 s 5 ST el (gl lme 51 odlisl b Kipmdguw

S e slive o 01b 03] (050 glacll anlis -E
o dily (slial ofag 4n) Jhline ol s o i (i13D)

MS-AR Juao s sbedls —) Joua
Table 1- Types of MS-AR Model

MSM MSI
ke (ke Sl 5eke peteshue jl oe cllishe gl o e
Mean Mean Intercept Intercept
varying invariant varying invariant
ol il g
e Heteroskedasiticity MSM-AR Linear MAR MSI-AR Linear AR
b gl P9 e bk invariant
Autoregressive Parameters ..
invariant e bl
Heteroskedasiticity MSMH-AR MSH-MAR MSIH-AR MSH-AR
varying
b by
L Heteroskedasiticity MSMA-AR MSA-MAR MSIA-AR MSA-AR
e byl invariant
Autoregresswt_a Parameters iz pb s
varying Heteroskedasiticity MSX'F'?H MSAH-MAR  MSIAH-AR MSAH-AR
varying

adllls & oo 903l ol 2090 )3 iy el glaie &
255 ) (V) GlSen 5 S

bl Sl ped (6l 4398 (5l S JLd @ ol
esinlaS ¥ game by fgo Jolos plo 5 55l Bpas
S o 000l ((8) aloles) 12,25 zrirlaidl o o,

API, = as, + ﬁlpPISt + ﬁzFPISt + ,83ECSt (;)

+ &

ol 1y (o559liS” Y guame Cuoud sl AP e byl 4o
5 bowd poows Cuoud sl Sl cui 5 & FPL g PPl a0
Byme odad (Lis EC 5 u bl o oloud 365 Cuaud a3 li
9403,5 [y sl MS-AR Ju s clolro (pl cpaost sly sl (655
sbaggail (B 3l sdyglm mls ekl cubl Jioiw (ol
ool 0 o3l dnly adyy 905 Aile 4l

Lasuly
P55 9 551 Byman ey LS (y sl addllas )
Jlo Jgl anle aw 3l) Jlo Y& Lad glaodls jlclpl 3 (g5,9li8
—GgS Lo ot et Jice 5 (WD JLus o anle 4 b ATV
Lol ool 51 i ol (clmodls .l o odlin] SiouSgu
9= )i 5 Ol Ml sy9er (5550 SSL 2Ll

BDS (dad ué (190
saie 4y (F) iLSon 5 STy Lasgs BDS (5 20l,46 ¢yge3]
Sy S 3 29290 (b s b g Jlgte (Steen (o)
S by nl A3 (B (Shumen geome slie p (Sloj
g 485 a5 b Mokl g N Jsbo (sl 48 %o JISl ol
Xe = (Xp Xt 0 Xeo(m-1)c ) Xt € S50 4 Xt i gy
BDS o)l Xt (jloj 500 s 128 Lailyd 53 35500 A5 R™

20,5 o iy pj Cyeo > 1 ol
cn(r) —ci(r)
Omm (1) o)

M Lz > bloe bLs slis T M=N-(M-1) o] , 4
bowg as el palde Cm(r) Xi 3550 4 (gloy)S gladi I o gin
S s 4 g3l ol el osd @l (Vo) Lidgyy g )5 sl S
25 o0 Pl (Gloj (6w )0 S (ot e A0l 8 S 32 25
S o Sl 13l o Z 055 cslyls BDS oylel oS s &
T ()l sme pans 13 Z o lol Gl joolio 3l ygesl cal 3,90 3
e g o 03wl Slowlxe o)lel b )] dslie g XN+ g
050l 4 B s (gl Jao Silowy 59 2 1905 L8l 900

BDS () = VM

Hot (gl (s (s il



VFoe sml o o lods F'O ol (6,5l drwyi g SlasBl aypii YAV

oy L &S Cuwl (5 ygdee +NYE Ly <l (EC) (65
oLie 6394 e g Cawl VYRD LYY sl Jlo (4w S0l S0
2 oy Hlel Ao a3l e (5 gales VWY B /08 5

Do o 0dalino ¥ Jodx

sl ylible b wg asllas ol sl ez alS 5 0nd ‘5)916"?
ol 48,5 ploil OXMetrics 7 4 EViews 10
a3 o LS WYY oo (b b piie duog bl
e yiSlis AY/Y . Sle b (API) (g550liS casd s Ll oS
Byano o)ljae copiomen ool SYIYE o ke JBlis ¢ WVV/F

PV +-IYA0 0,95 b b puiio Suoy )Loi =Y Jos
Table 2— Descriptive statistics of variables during 1991-2017

goesy; slod aaly Sbe Sl Jilas slro Bl y2il
Variable Symbol unit Mean Maximum  Minimum Std. Dev
$iglS Ngas Gl bl ) ; 1037 121.4 67.26 6.29
Agricultural Price Index
(5329145 o Caned pad L PPI - 1318 234.18 72.79 33.27
Pesticide Price Index
cstliord 395 Cungd il FPI - 69.9 173.41 9.58 32.29
Fertilizer Price Index
Jolee o5 9o
$iPlSpan EC pi o 0.85 1.117 0.56 0.136
Energy Consumption Million tone
COE
Guios slaasdly sisLe
Source: Research finding
B 5 Ll £l om0 (s 3 5 (ohaad sl el ) Comy g gl

Gl CeunsSls @ dogi pas oS dad o L b )y p jd d g8
2 ENBLs Sl 392 5 s S Gloj slagg e sl piie
ol oS @ls 4 ocie 03 (sow I o3LaBl sl piie o el
ysio 45 Syao ) dlabl Clddllas 4 dagi b g oo 0058
Jyome 2ly ad) (pgel Al ALl ()L Sl )y 390
ladd ala s )l dgn g (4)lE s cunsll Blod Kl oyl > &S
Ol aoms o GRalS |y doly ady) 392y 2 (e ho 405580,
mor iy lp b sy ) lagysesl jladlbs ol 5
039l 0 9 ¥ & Jghin 3 ol ol a8 i ooliusl s puste ol

Gl 0l

Aol elaid] s sl o piare Gl 4 50

4 Cal p3Y g o odliul loj gy (slrodls jl 45" Ll |
(Shoj glag e Ol yide )5 39 (o) bajesite (ol
o e Cal (Sae (Sloj Sbaigpw (sl )3 d3ly ) 3924
ol e ool Cusd 4y gl 5l 3l g 29 (e slogige )
Jub by sl gymw (om0 Oldllas o o ek 4 sl 008
Sloyiie wly ady) o riwslaidl gla Llod 5 (redS 55 0
S0 lad sly adyy geil S o B sesl 3590 < Js
had (sloodls sy ady; oy sl 0903l (ndglze (HEGY)
5 450 Sorm Pt S S ol Sl gl ol Al e
G lizee sla Jlolyd 0 aslBlas jo b ayly Liad aalg a iy,

KSS soly auiyy (59031 gl -Y Jgun
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
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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
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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
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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 AlIC
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
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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 )LJ
AIC
SN 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)

37 37
Regime 1 Regime 2
oy Jlisl g culps Jleis] gl
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
o? 0.015 0.0019 0.024 0.002
Log likelihood 224.248
AIC -4.126
LR-test y2 39.750 (0.000)
DAVIES 0.000
Portmanteau test x2 (12 lags) 19.236 (0.069)
Normality test x2 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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Table 10- Results of Transition probability MS-AR
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Transition probability Regime 1l Regime 2
Regime 1 0.874 0.07
Regime 2 0.126 0.93

Source: Author’s estimates using PcGive in OxMetrics 7
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Table 11- Regime Classification: Episodes of two regimes for the period 1991(2) — 2017(1) (Smoothed Probabilities)

8,93 5
Period Total
Jol w235 by Juad Jls! (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° 25y by Jua Jles! (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 (FAO) 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 commaodity 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 commodity 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 commaodity prices. The effect of agricultural input prices on agricultural commodity 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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