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Table (2)Different types of MS-VAR model

MSM MSI

e L b e V cab v

Ai b yuil,lg MSM-VAR linear MVAR MSI-VAR linear VAR
<l e iyl MSMH-VAR MSH-MVAR MSIH-VAR MSH-VAR

Ai b bl MSMA-VAR MSA-MVAR MSIA-VAR MSA-VAR
e me ibyls MSMAH-VAR  MSAH-MVAR  MSIAH-VAR  MSAH-VAR

Ranjpour et al. 2019; Krolzig, 1997 : s
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Table (3)Results of HEGY unit root test

louils 58 Sz g Sl o)Ll laie
Frequencies The statistic value of computation and critical
oLl &9
Js - 3m W )
' T — 5= 0 Type of
Toul o 22 statistic e
5.62 412 -3.21 2.75 -3.58 %1 ol Variable

4.05 2.76 -2.68 1.19 -3.05 %5 |
3.33 2.23 -2.39 0.75 279 %10 <

1098 284 219 127  -2.87 (LRAT) olj1 3.l 2 pin
1043 176 -185 075% -4.2* o) s et
ojlol olie (LDRAT) (sov,
056* 0.6* -0.18 0.89* -1.02 lsln S5l Slle ez o )8
(LEXPA)
1.98* 047 072 006* -18 wland Ol )ly por w5
(LIMPFOS)

! Traditional Hegy Test
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Table (3)Results of HEGY unit root test
S s Gl ")L‘°T Sode
The statistic value of computation and

o yuilS )8
Frequencies

critical
Js -5 3n w ool &5
, T — 5= 0 Type of
Total o z2 2 statistic e
5.62 4,12 -3.21 2.75 -3.58 %1 olie Variable
4.05 2.76 -2.68 1.19 -3.05 %5 "~|
3.33 2.23 -2.39 0.75 279 %10
- &_.) l - e
3.02¢  1.98% -348% 344 159 aliy 2y o o
(LIMPPOQOT)
Source: Research findings NPT VE FRF S0
9 ©lyolo poxo g 3l &5 o BLI )l 5l (oo losiwly Connd s (y903T @l (F) Jgu

by gaogS Wils,ylg

Table (4) Results of LR non-linear test for the link of exchange rate and the export
and import quantity of fertilizers

Jla! 33 T LR 5031 o,bel jlade doleo g43
eoll ax o o .
Porob Statistic value of LR test Equation type
0.00 6 169.8 a5l alond rogS @l yolo aloles
. ' The equation of LEXPF
0.00 10 192 wlind oliord loogS s s alslas
- The equation of LIMPFOS
0.00 8 158.9 anly oliord sloogS s s alsles

The equation of LIMPPOT
Source: Research findings Gt sloadly ias
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Table (5) Results of MSAI(2)-VAR(1) model for the import equation of fertilizers

Regime 1 Regime 0 i awly yuxio
wly Gl care Sadglycepe  aly gy cuye wlind gl cays 70 Dependent
Coefficient for Coefficient for Coefficient for Coefficient for Indepeg:ﬁent variable

potash phosphate potash phosphate variables

0.10(0.80)  055(0.01)  0.03(0.87) 0.25(0.32)* LIMPF(-1)

0.07(0.00) 0.15(0.05)  0.08(0.00) [0.09(0.02) LDRAT(-1)  LIMPF
1354 (0.01) 0.25(0.89)  9.12(0.00)  7.25(0.02) Intercept

0.95(0.00) 0.19(0.45)  0.91(0.00) 0.88(0.00) LDRAT(-1)

0.07(0.12) 0.005(0.27) -0.002(0.90) -0.01(0.42) LIMPF(-1)  LDRAT
0.81(0.12)  0.09 (0.04)  0.02(0.92)  0.38(0.05) Intercept

Vector Normality test Chi*2(4) = 1.07 (0.89) 358 aolas DS g,
Vector ARCH 1-1 test F(4,24) = 0.44 (0.78) Wl Classical
Vector Portmanteau(12) Chi*2(48) = 37.7 (0.85) LIMPFOS  assumptions

' Portmanteau test
2 ARCH test
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Table (5) Results of MSAI(2)-VAR(1) model for the import equation of fertilizers

SC w25y BLEN S

Regime 1 Regime 0 61‘&”&? Ay pusie
anly gly e wlad gl cupe anly @l au,s wilind gl cuyo TP Dependent
Coefficient for Coefficient for Coefficient for Coefficient for Independent variable

potash phosphate potash phosphate variables
Vector Normality test Chi*2(4) = 2.13 (0.71) 35S alalre
Vector ARCH 1-1 test F(4,26) = 0.46 (0.76) ol
Vector Portmanteau(12) Chi*2(48) = 52.15 (0.32) LIMPPOT
Regime 0: LinRes Chi*2(1) =2.00 [0.37] LIMPFOS - LDRAT
Regime 1: LinRes Chi*2(1) = 1.03 [0.51] slansd
Regime 0: LinRes Chi*2(1) =8.49 [0.03] LDRAT - LIMPFOS LIMPFOS
Regime 1: LinRes Chi”*2(1) = 12.72[0.00] Cale akl,
Regime 0: LinRes Chi*2(1) =2.75 [0.25] LIMPPOT - LDRAT Causality
Regime 1: LinRes Chi"2(1) = 0.82 [0.43] wlts

Regime 0: LinRes Chi~2(1) = 12.81[0.01] LDRAT = LIMPPOT LIMPPOT
Regime 1: LinRes Chi"2(1) = 25.12[0.00]

Ll ol o (5510l o susdo yLiS 36l S5 10 olacl s
Source: Research findings Geiod sloasdl iae

B e s )y 4,8 Yl izmes g w23, 2 6 ke DYl o(F) Jga o
VL]l oo ) ol 5 ilind sloogS Sl lg alabra (gl € JUi] Jlozs] u 5lo>
izt adly jo .ol jud> 50 0, 4 025, SO 5l Jl Jlesal oS el pime ol 40 Y]
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L el 99 b o md,y 5o 43S 0)90 p0 aSiul 5l S Bro o) 51 Su ye ol Sl
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Table 6- Transition probabilities of Regimes for for the import equation of fertilizers

Time t
Regime 1 Regime 0
0.063 0.973 Regime0 eVl b s s
0.937 0.027 Regime 1 Time t+1 Transition Conditional probability
0.348 0.962 Regime 0 "
0.652 0.038 Regimel Y~
1393(2)-1396(4 1397(1)-1401(4 Slaws . IR
1393§1;-1393§4; 139451;-139654; w3 2 2 55 ) sleesse Job
1397(1)-1397(3)  1397(4)-1401(4) ool Periods duration in each regime
15 20 Slawd 2 sroygs o ais T 18 sla ad slass
23
5 29 ol The number of months in the periods of
each regime
15 20 Sland ' o L
2 12 w2y R 50 4B 15 la Jad slas
ool The number of months in each regime
3 17 i
N Cumulative probability of stability
%14.71  %85.29 ol (percentage)
15 20 Slans w25 2 plgd 0y50 (Sile
25 145 ool Average duration of in each regime

Source: Research findings Gebos (slaasdl aie
Ao w2y 3l JUT Jla (anly) a5linsd 555 Slsly dlslas sl () Jguzr @l sl 2
Aoy had ST Solke 4 il (000 A7) wo 0 AV il 5 YU s 3, Oles &
KUY P RV S SIB T I SURT-X CTIN) WL IS KW-S V) BRSNS G PUES | PIPR W PP L JU g -
(22,0 P0) 2o )0 ATl (awly) a5lansd 545 dolas gl 6 w3, lp Jloin! per .28
sl sl izren Sl (g5t Ml I ST ) 4 S o @) nlnle o]
e Jsb 5 sl oSl i w1y (b Y)Y uad To (dusly) lind glaosS ol
Do 50 el ek 4y a5 e ploy sl (a8 VHIO) Jad Yo 50 005, ool yo aibe
2 alie jsb . clbls salss pglad @, () (Jad VWIB) Jad Yo ho ) 50 o285 )8
Szl ail o oS (b B) b V0 Sy 05, 2 e(liy) alind (glaosS” il lg aloles
(0035 AB) Ao 3 B (eokty) il (glaosS sl alolna sl sio 435, gy plgd crazs
48,5 )18 Jho w5y 50 oy 0590 0590 JS 5 (Ao ;0 AD) 3o 0 BV a5 aed e L g ]
W5lid liands sloosS Sl Jg alolre sl MSAIR)-VAR(L) e (5,505 o2 gy5 o
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Figure (2) Model outputs of MSAI(2)-VAR(1) for Phosphate fertilizers
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Figure (3) Model outputs of MSAI(2)-VAR(1) for Potash fertilizers
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Table (7) Results of MSIH(2)-VAR(1) model for the export of Nitrogen fertilizers

o oy Gl e Lly yiito
Coefficient Independent variables  Dependent variable
0.84 (0.00)* LEXPA(-1)
_ 0.16 (0.02) _ LRAT(-1) LEXPA
Regime 1 Regime 0 Intercent
0.08 (0.96) 0.34 (0.85) P
-0.01 (0.66) LEXPA(-1)
_ 0.91 (0.00) _ LRAT(-1) LRAT
Regime 1 Regime 0 Intercent
0.18 (0.72) 0.07 (0.87) P
Vector Normality test Chi*2(4) = 3.49 (0.48) S 59,8
Vector ARCH 1-1 test F(4,32) = 0.044 (0.99) Classical
Vector Portmanteau(12) Chi~2(46) = 39.17 (0.75) assumptions
LinRes Chi”~2(1) = 0.19 [0.66] LEXPA > LRAT e alal,
LinRes Chi~2(1) = 6.17 [0.01] LRAT = LEXPA Causality
el ol po (65100 grdaw susdo LG 6l p JS 1o olael
Source: Research findings Geios sloaidly anie

B o o oy 4,108 GVl e g ) 2 6 Bk OVl (A) Jgum o
Sy sl Jusl Jlast dA) Jgaz gl el pcwl oals a1l « Jlasl Jlast o 5lo»
Lol aid )5 1,8 SO o3, yo shad ST Soke 4wl oo )0 A il g YU 03 ples
05 Glp Jleiz] ued 3,8 aales J18 SO mh, 50 o Jad o do 0 1)l
Ole b 4 sl (S Sy w2y 2 JR8 V0 5 e )y 2 Jad Ve (D) Jeoar il

] o0 v 30\/ ol A u_i.:j)&..c 5 ‘_glj.) ‘a15o
(_gLQQﬁS g_)bdl..c > (5‘)-' f°")) 9o o 0 LJ‘")‘)" )J.)LM 9 ‘516‘9 ).M)LM MLM )‘Oa.o.:
m)éju..A‘wS(]o)S u_i’))&_am ‘_QLQOJ‘QL’ ‘593‘9)40&&9(‘5;‘ k_ii)) 03 Q)jT)J)JQLQ.A
0ss ily st 4 4] olisd sloosS Sliolo alolas gl MSIH(2) -VAR(L) Jas

el gt sl yeie 51 S o byt Jleim] i Sl 5 (F) U5 Sl s,y el
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Table( 8) Transition probabilities of Regimes for the export of Nitrogen fertilizers

oYl b s Jlos
Transition Conditional probability

Timet
Regime 1 Regime 0
0.083 0.898
0.917 0.102

Regime 0 Time t+1

Regime 1

1397(1)-1399(4)
1401(2)-1401(4)

1393(2) - 1396(4)
1400(1) - 1401(1)

w25y o2 a8 S 18 gleeygo Jsobo
Periods duration in each regime

w25y 2 Seoysd ,o 418,518 sla fab slass

15 20 . . .
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Figure (3) Model outputs of MSAI(2)-VAR(1) for Nitrogen fertilizers
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Extended Abstract

Introduction

The exchange rate is one of the most important variables that affecting the
macroeconomic variables in a country, and the effects of its changes have
always been one of the important topics in policy making. The exchange rate
is considered as a key variable due to its interrelationship with other
macroeconomic variables and has an effective role in the export and import
of agricultural goods and inputs.

Iran's agricultural sector, as one of the productive sectors of Iran's economy,
has two-way relations with world markets. Because on the one hand, it is an
exporter of major products and on the other hand, it is an importer of
agricultural inputs. Since a major share of the inputs of Iran's agricultural
sector is supplied through global markets, therefore, the agriculture is one of
the sectors dependent on the exchange rate, and as a result, exchange rate
fluctuations can affect the export and import of agricultural inputs, such as
fertilizers. In fact, a part of the import and export inputs of the agricultural
sector is dedicated to fertilizers.

In Iran, although in the past years, the emphasis was on reducing the
consumption of fertilizers, but now and after the crises of Covid-19 and the
war in Ukraine, due to the high price and unavailability, the consumption of
fertilizers in Iran has decreased, so that nowadays fertilizers are one of the
limiting resources in the production of agricultural products. Considering the
effect of the Covid-19 crises and the Ukrainian war on exchange rate, and on
the other hand, the importance of fertilizers trade in current conditions and
their non-linear behavior, the purpose of this study is to investigate the non-
linear causality of exchange rate with import and export values of fertilizers
using of Markov switching model.

Materials and Methods
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In this study, the Markov switching model is used to investigate the non-
linear causality between the exchange rate and the quantity of import and
export of fertilizers. The equations of export and import of fertilizers used in
this study are as follows:

LEXPA, = XL, o3;(S)LEXPA_; + Xi_; B1i (S LRAT, ; The equation Of_eXport
LRAT; = %i; 0 (S)LRAT.; + X, B2i (s)LEXPA; of Ammonia
LIMPF; = 3 ; 8;;(s)LIMPF,_; + Xi_; Ay (s)LDRAT,_; The equation of import
LDRAT, = Y., 8i(s)LDRAT,; + f_; A5 (s)LIMPF,; of Phosphate/Potash

In this study, the studied time period includes quarterly data from 2014 to
2022. EViews12 and OxMetrics7 software packages were used.

Results and discussion

Estimation results of MS-VAR model showed that: 1) The non-linearity test
(likelihood ratio) showed that the relationship between the exchange rate
variable and the quantity of export and import of fertilizers is non-linear; 2)
The optimal model for the equation of import and export of fertilizers is
MSAH(2)-VAR(1) and MSIH(2)-VAR(3), respectively and each optimal
model has two regimes; 3) A one-way causality relationship exists from the
gap of exchange rate to the import quantity of Phosphate and Potash; 4) There
is a one-way causality relationship from the exchange rate to the export
quantity of Ammonia.

Suggestion

Considering that the volume of import and export of fertilizers constitutes
only a small part of the total export and import of Iran. Therefore, according
to the results, it is expected that a one-way causality relationship exists from
the gap of exchange rate to the import of Phosphate and Potash and as from
the exchange rate to the export of Ammonia as. According to the obtained
results, in order to reduce the fluctuations of the exchange rate, it is suggested
to diversify import target countries and export target countries for fertilizers,
and establishing bilateral interactive relations with target countries in order
to reach a win-win agreement.
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Keywords: Non-linear causality, Exchange rate, Fertilizers, Foreign trade,
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