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Figure (1) Trend of research variables
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Table (2) Augmented Dickey—Fuller unit root test

Y Joe V Jow
Model 2 Model 1 [EYUELo
Jol 45 50 Jolas zhw Jol 45 50 Jolas zhw Variables
1st Difference Level 1st Difference Level
-3.5025 1.9497 PR ,35 ) gy Censd
(0.0008)™** (0.9866) Iranian Caspian rice price
-6.0203 -1.1964 (PRy) (saibl 2,5 g1 Censd
(0.0000)*** (0.6680) Thai foreign rice price
-4.0154 1.7785 (EX1) oy ) &5
(0.0030)*** (0.9804) Unofficial exchange rate
-6.7823 -0.5157 EX) ez 5 5 £
(0.0000)*** (0.8788) Government exchange rate
-2.8189 0.5955 -2.8189 0.5955 (INF) p g5
(0.0058)*** 0.8414) (0.0058)*** 0.8414) Inflation
-3.2874 2.0215 \(APl) ‘51>~L> C")’ l> GYLT - "'é
0.0015)™** (0.9886) The price of domestic rice substitutes
-3.5986 -0.0621 Y(AP,) ) i il YIS e
(0.0095 y*** 0.9473) The price of foreign rice substitutes
-4.4147 0.6176 -4.4147 0.6176 (WPI) gy e aosd ol
(0.0000)*** (0.8462) (0.0000)*** (0.8462) Global rice price index
-7.5857 -0.2277 -7.5857 -0.2277 M) sy
(0.0000)*** (0.5987) (0.0000)*** (0.5987) Import
Source: Research findings Geizd loazdly anie

A3 oo L Ty ) (oI sine gelas s 5 10 (6 5 oo grbans i ) ¢ (g 5 sine gl
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Gl lso 09l aseine (p5eS L g 3 led ST Sedbl sla Lo 5l eolaul L VAR
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Table (3) The optimal lag of the VAR model for research models 1 and 2

Y oo Y Jos o Joe
Model 2 Model 1 Models
OsS ol Pl ST OsS ol Pl Sy iy ol
HQ) (SC) (AIC) (HQ) (SC) (AIC) Number of lags
~9.64 857 -10.27 1571 -14.63 -16.34 )
Lag 1
1317 -11.18* ~14.35 ~18.89* -16.90* -20.06 T addy
Lag 2
12,69 -9.78 1441 -18.39 ~15.48 -20.10 Y aidy
Lag 3
“1271 -8.89 ~14.97* -19.22* ~15.40 _21.48* ¥ aid,
Lag 4
Source: Research findings Geiod sloazdl ias
Leov) e 4.&55 Sows

0dSS yand 351l Sledbl Jlae ccwol Voo 5l ST aS aiged FA olowd 4y azgi b iyl o
Ot 3l e Sl ools lid 1) gy adBg ¥V iSTas (Jow o )0 aS todg Jow dig Ay
Jo o e r oveaitly Al 95 pas b 0979 ooy Sl (SiBlilen (igejl aige aids
u;‘ 45|)_‘> codu oolaiwl \u,u}«l..uy —us.w.:Lbj.: ‘_,;i..wl.u‘w.ﬁ uyo)T )‘ L‘?L..)‘ 3 sl 00 ‘Al.?u‘
wy ool Shg o)l ly Jae slopiie o 5 (Siillen Jlop Ol i oo 8L g cyge3]
shls oo ol yge3l 40 Woais;neds (opl p 938l el (650 s layge;] Koo 4 Cos
dloio Toig polie iSTas 7 5l o Lol g0 (yge3l (ol yo Abdi (2012) sites  sbxe oI

L PR W 43‘)‘ (f) Js..\.‘> P w).: L YL: ‘_ngu?.a)" CJL.J 09.».4‘50

1 Johansen and Josulius Cointegration Test
2 Trace Test
3 Max Eigen Test
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Table (4) Results of trace and maximum eigenvalues tests

Y Joe V Joe [EYPRV

Model 2 Model 1 Models
5 e ; 5 e ; .
Juzl S R Tt bl St

Critical ~ Statistic Critical ~ Statistic Null hypothesis
Prob rob

Value Value
0.00 95.75 141.27 0.00 95.75 151.75 O Sxalilen oy ho
(0.00) (40.07) (56.92) (0.00) (40.07) (50.51) None
0.00 69.81 84.34 0.00 69.81 101.23 ¢ Sealden o S Sl
(0.00) (33.87) (40.48) (0.00) (33.87) (43.03) At most 1
0.11 47.85 43.85 0.00 47.85 58.19  Saalden Jop 9 Sl
0.27) (27.58) (20.94) (0.01) (27.58) (31.27) At most 2
0.25 29.79 22.90 0.10 29.79 26.92 ililes oy aw Sl
0.14) (21.13) (17.54) (0.38) (21.13) (13.70) At most 3
0.76 15.49 5.36 0.10 15.49 13.22 Sl o Jozr Sl
0.75) (14.26) (4.87) (0.18) (14.26) (10.46) At most 4
0.48 3.84 0.48 0.09 3.84 2.75 Saldlen oy Sl
(0.48) (3.84) (0.48) (0.09) (3.84) (2.75) At most 5

Source: Research findings Geizs gloaidly anie

el 90 e j0 yao ans,8 0, 0inaLis @ 5 ol Juw 10 jho a8 5 saslis
o Jilie pgo sl olael 5 31 s3] gl 4y gy e yls s 50 Jilie Jol sl slacl g oogy +/+ 0 gl ,0 il 20 slo o

ol oy polie JiSlas 903l gulis 4 bogs o (551 49,0 Slacl) Hlo

099 3 gl Joe yo oS olgse (F Jgaz) ofzg nolie iS1a (i3l g 1 (03] @l » L
ol 00l 0l Jow sl jusin (o (SOl 02 Jlo 3 90 5 aw iSTas S99 i 4y
ool g8 g awasdy alaly 8,91

odd Jloy Jlon sl 2 epd 5 Jol sladoe slo pite (e Sowaidy alaily (o3 (pl 5o
1oy Sl o sl sals 5491 55 (PR2(-1) | PR1(-1)) addy S5 L 15055, (sl yuiin 4y s
305950 Gl i a4y S 00l Jlo g Yo aS 05 axgi Wb Jow o st (o Sawaidy
Al o g 5 o yo 5 abl st golatdl slas 55 L ey o cuadle L 5l ol

w‘ W) 43‘)‘ )J) I Jss.\.‘> )O ‘Sil.?r.u‘ 4.....9‘4 )L)).) @Lu ‘L....o U"‘ »



VYo o G991 (& 5b

(oouily alayly) (Sabolbiled 5105 591 3 (8) Jgu

Table (5) Estimation of the cointegration vector (long-term relationship)

Ve glocs o Ve glac o Lo riie
Coefficients of Model 2 Coefficients of Model 1 Variables
1.0000 (PRl_) > Ls"!)-.’.‘ C-')-’ ‘-*-“-*3
Iranian Caspian rice price
1.0000 (PR2) oyl (o2, @i Sead
Thai foreign rice price
0116 EX0) oy 351 5
0.0221) Unofficial exchange rate
0.2719 EX2) oz y )l &5
(0.0245) Government exchange rate
##%_( 5118 ##40,1230 (INF) 5
(0.1562) (0.0361) Inflation
**°-1.0038 AP1) J51s 5 iy YIS Caas
(0.0100) The price of domestic rice substitutes
**%-0.9983 AP) 7,15 @ ol Y Cand
(0.0462) The price of foreign rice substitutes
0.2823 **_0.2313 WPI) g Sl Caod asls
(0.3558) (0.1026) Global rice price index
##%0,1195 -0.0072 (M) &ls s
(0.0177) (0.0041) Import
0.3092 -0.1566 C) lae 5l 20
Intercept

Source: Research findings Gebos sloasdl rpo

Y | AR PRVA RS NPT I WIS 2
el 0as Jloyi PR2(-V) g PR1(-V) piio 4y Cons  Sililon alal,

PR]H) = 0.156 — O0.111EX, ; — 0.123INF_; +1.003AP, ;, + 0.23WPI _, + 0.007IM _, )

PR, = — 0309 — 0271EX , )+ 0.511INF_; +0.998AP, , — 0.283WPI ) — 0.119IM

G -

9]

Joe 0 PRY) 35 Sl @y Caad daly sl i 3> & lopiite (sdon 4SSl &) ax g5 L
Lol ool bowd Cudie a4y e 5 (Rho 4 Cude s po coodle W sailonds Jaie
S pan daw g &, Dya8 JalS Coge g odd alwlS Sl Jg 5,1 (EX) 5,1 F 5 58l
bodss adsl olse 5 gauds laosles 52 6,185 31 Bayb 5l mizran 35800 LS S a0
s (giimnn 0368 il 51 50y Ceend AT w0 lo 0 55 T YIS Ko cwed il g
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TECM ollas g dloz oy lie VECM s g SoroolisS alayl, 0,515 gl 52 L
Sl ey Ol el onds 0T = ¥R plr pgs Joe sl s =¥+ pl Jsl Joe sl
0,90 ;@ 40 G el Ooaily 5 Jolw lade Ceows 4 DowolisS gl moral iy
g Vg ) sladoe i 0y90 4 barpe slaolss pae 5l as o Y ag0 b
Seck, et ¢Naim (2008) Campbell (1932) sla w,p zls b (iagh onl s Fogd oo
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3 Error Correction Model (ECM)
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Figure (2) Response of rice price variables (Caspian and Thai) to shocks

y Impulse Response Function (IRF)
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Table (6) Results of variance decomposition

)L.Mdl):zﬂ 0y99

PR; EX; AP, INF WPI IM
S.D Period
100.000 0.000 0.000 0.000 0.000 0.000 0.045 1
94.063 0.170 4.212 0.149 0.677 0.726 0.070 2 V e
........................................................................ Model 1
43.375 35.204 17.309 1.375 1.585 1.149 0.183 10
66.309 16.534 13.942 1.273 1.199 0.739 Sl
Average
PR, EX, AP, INF WPI IM et °’_5°
S.D Period
100.000 0.000 0.000 0.000 0.000 0.000 0.064 1
73.408 0.135 17.011 1.244 7.931 0.269 0.101 2 A
........................................................................ Model 2
29.687 3.553 37.469 7.332 19.906 2.049 0.179 10
46.799 2.769 30.838 3.898 14.569 1.12 Sl
Average

Source: Research findings Geiod sloazdl ias
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Figure (3) Out-of-sample prices forecasting of Iranian Caspian rice and Thai foreign
rice (2023:5-2024:03)

Jlo bbb of (eed g, 35 Slalan sl Voslew al s o JSS Gl Jlogal sl
2 SRl Er eSS S ed b Gl el 0ol oo Gl sl S0 4 VE Y
0,3V ) 65,V g lew liw S Jlo joeads oot JU, ATV LI F-Y ol >
sosn @ &8 Ol 5l S ok Sl by A VT Jlade (e o8 551 25 50 I
BYSREV IV AFVERLE S G CE L Oy S SR JA N 15 COWIrp- COPSURS iy TSVRTLIONE: RN I W)
Ay S5 eodds ol i 4 az g bl 0al 050 JU, VYEAVOA 5 JL, VYFOYVFA
) 63yl slog s 51 s, ol VEY Wil B ols 5 ET 51 as o FAIAY 5 ausyo YOISY
F8 @ @ ol CaB g yliw 99 50 Sl el jpate )33 Slplwin lp (s @) Y
L 0sd e yiien (aiie IS i0)50 0Ll & (ad FSuo5 b g ead (St o2l
P29 OR9 4 py5 S92 i 9 el 05 Lo Jlo pgo dnle (b 0 @i Sl Sl 4 ax g
ord sl i, 5 5 slologs st (sl ol 5 loslys cangd tal38 o i Sy

RGO =53] [ IR I W PR A
o3 (V7 52 © Saond) 525 ¥ Joo (sl gl g2 )bew slie oo plol (cin g 2l
D ER e sde Ve Gl peo syl ol g Jb) VAP kb p S5kS 5o
£ ol 1 Consd i ey Jfoga B el 0 30 o, YAVARY (o 5
Caod ey nl 510,05 0925 o1 50 (s0b5 slaglug g od (i (F1HS JSE 4 g 5
T TYVARY b s a5 s 090 5L sl eyl ¥ g ) slogs s cgline s o ol iy



PE¥/Y) oolad/ VA Mo/ (65 39Lis SLadl \ VP

Ve omldl g Slojly sl oz 5l F 50 s el odld o i Jb, YAVEYS
Sbos w3 o Gl by Vo e v e 099 1) Gkl g Sed (i S (0 0y
50 el 4Bl 0y woy0 VP g a0 VY Gt A uibl mip Ceed Vg ) g liw
il B ols 3 slaole (gl ailili 5 )55 a0 £99 99 0 Ceond 0l om i polie caalol

el 030V Jga ;0 VFY Lo

(Jby) $isl Gg,buw b il (2515 9 555 (Slnl gz 05 b SO B (Sunian (V) Jogur
Table (7) Forecasting the price of one kilogram of Iranian Caspian and Thai foreign
rice with currency scenarios (Rial)

Y Joe V Joe
Model 2 Model 1 ole
ARGHESE Vil b ARG Vil sl Month
Currency Scenario 2 Currency Scenario 1 Currency Scenario 2 Currency Scenario 1
292954 219569 880074 844370 ol 5
293074 220413 909618 865050 o
292706 220671 943951 889083 518 4o
292110 220513 983359 916669 9
291556 220135 1027867 947825 v
291308 219748 1077230 982379 bl
291606 219557 1130937 1019973 N
292657 219753 1188242 1060087 ©o
294625 220502 1248207 1102062 e
297626 221937 1309758 1145148 !
Source: Research findings Geiod sloazdl ias
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Table (8) Statistics showing the accuracy of out-of-sample forecasting

S bcore Blheyd S0k Blhaoyad (SSke eKlee pgo o) PSVE b Joke
(Theil) (MAPE) > o5 )0 (MAE) L (RMSE) s> j5ixe Scenarios Models

(Scenario 1) Y Joe
(¥ g,l0) Model 1

0.0166 3.1902 0.4159 0.4263

0.0186 3.6463 05323 05342 :

(Scenario 2)
0.0017 0.3081 0.0377 0.0437 () sl

(Scenario 1) Y Jow
0.0025 0.4875 0.0596 0.0636 (¥ 2,l)  Model 2

(Scenario 2)

Source: Research findings Gudos sloadl rato
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Extended Abstract
Introduction

Considering the importance of rice and the significant share of its
consumption in the household basket, the correct policy to control its price
in the market will play a chief role in the well-being and food security of
households. Therefore, checking the price trend and providing price
forecasts for this product is significant.

In the present study, the VAR model was used to predict the price of rices.
Because it is possible to use and examine the simultaneous effect of multiple
variables on the dependent variable. So, these models are better than
artificial neural networks, fuzzy, and genetic algorithms models (single
variable models). Also, we identified determinant variables on the price of
rices based on a literature review and the expert opinions of the research
group. Then, we designed a model and estimated to predict the price of rices;
this is one of the other innovations of this study. In addition, using up-to-
date and monthly data from reliable sources leads to providing more accurate
forecasts, which is one of the other advantages of this research.

Materials and Method

The present study aims to identify the influencing variables and investigate
their effect on the price of rices (Iranian Caspian rice and Thai foreign rice)
in Iran and provide an out-of-sample forecast (2023:05-2024:03) from the
price trend it, using the vector autoregression (VAR) method. The empirical
models are as follows:

LnPR, =a+ BLNEX, + B,LnINF + BLNAP, + BLAWPI + BLnIM, +u, (V)
LnPR, =a+ BLNEX, + BLNINF + BLnAP, + B,LnWPI, + ZLnIM, +u,  (Y)
Where PRy is the Iranian Caspian rice price, EXzt is the unofficial exchange
rate, INF¢is the inflation rate, AP is the price of Iranian Tarem Aela rice
(substitute product), WPI; is the Total global rice price index, IM is the
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Import of rice, PRzt is the Thai foreign rice price, EXz; is the government
exchange rate, AP is the price of Pakistani Basmati rice (substitute
product). All variables are in natural logarithmic form.

Results and discussion

In the present study, taking into account the specific economic conditions of
the country, reviewing the literature on the determinant factors price of rices,
as well as the expert opinions of the research group, two suitable models that
includes price of rices (lranian Caspian rice and Thai foreign rice), unofficial
exchange rates and government exchange rate, price of substitute products,
Inflation rate, Total global rice price index and Import of rice it were
designed, and estimated using vector autoregression (VAR) modeling.
First, we performed Generalized Dickey-fuller (ADF) unit root test for the
research variables 1 and 2 models. The results of these tests showed that all
variables are not stationary in level. So, we performed the tests for the 1st
difference. All variables were stationary in the 1st difference. Next, we
performed the Johansen Juselius cointegration test to check the cointegration
between the variables. Before running this test, we selected two lags as the
optimal lag of the models by Schwartz's criterion. Then, based on the
maximum eigenvalue and trace test statistics, in the first and second models,
respectively, three and two cointegration vectors were determined.

Next, we estimated the long-term relationship between the variables. Then,
the vector error correction model (VECM) was estimated. According to the
obtained results, the coefficient of error correction term (ECM) is estimated
as -0.300 and -0.309 for 1 and 2 models respectively, which indicates the
speed of short-term error correction towards the equilibrium and long-term
value. In other words, about 30% of the imbalances related to the previous
period were corrected in each period.

Finally, we estimated out-of-sample forecasts (with two currency scenarios).
Based on the prediction evaluation criteria, the research models can
accurately predict the price trend of Iranian and foreign rices.

Suggestion

Finally, based on the results of a long-term relationship estimation, impulse
response  functions analyses, and variance decomposition, we
recommended:

a) Considering the essentiality of rice in the household consumption basket,
it is appropriate to formulate policies to control rice prices within a
reasonable range by taking into account the impact of exchange rate,
substitute commodity price, and global price index variables.



b) Due to the high impact of global rice prices on the price of imported rice,
it is recommended to increase imports of this product during periods when
this index is low. These reserves can then be used to regulate the domestic
rice market price during periods when the index may increase. This will
require the establishment or construction of appropriate infrastructure for the
proper and high-quality storage of imported rice.

¢) The multiplicity of laws, regulations, and import guidelines has disrupted
the import and clearance of foreign rice. It is therefore necessary to take
measures to expedite their clearance through the country's customs in order
to ensure market stability for this product in terms of both quantity and price.
d) Considering the essentiality of rice in the household consumption basket,
in order to remove production obstacles and encourage producers to increase
production of this product, it is recommended that the government take
measures such as guaranteed purchase of domestically produced rice directly
from paddy fields without intermediaries.
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