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Introduction

The agricultural sector is one of the most basic and vital component in the social and economic structures of
any country. Today, with increasing in the world's population and needing to provide food on the other hand, and
increasing in the price fluctuations of agricultural products on the other hand, traditional agriculture is no longer
responsible for the sustainable food security of the world population. In recent years, the occurrence of two
incidents of the spread of the corona virus and the outbreak of war in Ukraine, have made the price of agricultural
products extremely unstable. Today, even many farmers and agricultural associations in developing countries are
not aware of the changes in market prices and the latest technological developments in the field of agricultural
product prices, and they do not have the ability to discover the optimal price for selling their products. In such a
situation, the use of intelligent models in order to accurately forecast the price of agricultural goods is vitally
important for farmers and agricultural sector activists.

Smart agriculture is an emerging concept that involves the integration of advanced technologies to collect and
analyze data in order to solve the challenges and problems of the agricultural sector. In the meantime, forecasting
the price of agricultural products involves with some basic challenges; including: 1) Data of agricultural product
price is mostly non-linear, unstable, non-normal, and noisy and follows chaotic behavior, 2) There is uncertainty
in the forecasted data obtained from different models, 3) In the studies related to price forecasting, the "publishable
base model" is not provided in order to provide the forecasted price values. Therefore, the aim of this study is to
provide a non-linear hybrid intelligent model for accurate forecasting of the future price of pistachios in the field
of smart agriculture through managing the multidimensional nature of data, considering uncertainty in the
forecasting data and finally building a publishable base model in the field of product price prediction.

The hybrid model proposed in this study has the following innovations; 1) the deep learning neural network
model and the Auto-Encoder network have been used to forecast the agricultural product price and determine the
optimal lag of price as an input variable simultaneously, 2) The Monte Carlo method has been used as a non-
parametric method to provide a confidence interval and calculate the most likely price that can happen, 3) The
practical application of price forecasting models, i.e., "publishable base model" is presented in order to provide
forecasted price values.
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Materials and Methods
The implementation of the proposed hybrid model in this study includes the steps of "data preparation”, "data

feature engineering", "training and testing the final deep learning neural network model"”, "building the optimal
base model”, "creating the most likely price scenarios" using the Monte Carlo method and "inferring new prices
or making out-of-sample forecasting" with new data sets” by feeding new price data into the deep learning neural (]
network model. In the proposed hybrid model, data mining techniques are used, including Wavelet Transform
(WT), Long-Short Term Memory (LSTM), Auto-Encoder network (AE), Monte Carlo-Markov chain (MCMC)
simulation method and the concept of “inferring new prices".

In the data preparation stage, using methods such as data smoothing, data rebuilding, correction of duplicate
data in several consecutive days, and correction of missing data, the continuous set of pistachio future price time
series is prepared to enter the primary model. Also, the wavelet transform function has been used for de-noising
the data, the Auto-Encoder network has been used to determine the optimal lag, the Monte Carlo-Markov chain
simulation has been used to create the most probable price scenarios, and the deployment concept has been used
for out-of-sample forecasting with new data sets. The data used in this study is the time series of the daily price of
pistachio futures on the Iran Commodity Exchange in the period from 10/13/2019 to 12/14/2021 in Rials per
kilogram.

Results and Discussion

The results of this study showed that 1) by using the wavelet theory to de-noise the data, the error rate of the
price data was reduced and the data had a stable trend, 2) the results of the implementation of the Auto-Encoder
network showed that the optimal lag of one can be used as an input variable to forecast the future price of
pistachios, 3) The outcomes derived from employing Monte Carlo-Markov chain simulation, coupled with out-of-
sample forecasting using the new dataset, reveal compelling insights into the future pricing of pistachios on the
Iranian Commodity Exchange. According to the analysis, the most probable and sanguine projection places the
future price at the price ceiling of 213 thousand Tomans. Impressively, the forecasted price exhibits a minimal
variance of merely 0.7% from the actual observed price, attesting to the precision of the proposed model. The
overall accuracy of the model stands commendably high at approximately 93%.

Conclusion

Based on the results, firstly, the forecasted price has a small error with the actual price and this small error
shows the power of the built model in forecasting the future price trend of pistachios. Secondly, the alignment of
the price resulting from the Monte Carlo simulation with the new price can also be used as a confidence index in
risk management for traders and market participants. Thirdly, the process set is the most complete value chain in
the production of price forecasting models. Therefore, the use of the proposed hybrid model and the use of the
components used in it, i.e. wavelet transform function, Auto-Encoder network, deep learning neural network,
Monte Carlo simulation and the concept of inferring new prices; are suggested.

Keywords: Datamining, Deep learning neural network, Future price forecast, Monte Carlo-Markov chain,
Wavelet theory



Journal of Agricultural Economics and Development

https://jead.um.ac.ir

AL

YAQ-YV e NEey J’:‘iL.’. F oyl XV =

Lo g2 (65,59LiS 53 pedle Gees (6 :83L p e Gk e s 58,8 &

*(4:....; ‘;T S S o 15590 4alllas)

"ok Lo, N g3l e gl Lo ez e
VBV AAIY e 8L s b
VENNYYY 16 K550 fu sl

daSe

$50908S Y guamo Caad 0o 13 (59l sl 3T g 5lil (slaciasd Dl 1 (659l LS G Vlab g 55l Sl (6l 0590]
Ll (sly Siaidgn (65y9liS 0jg> 5D (65y9liS YIS cad 585 i (slp Niodon sla o 5| s pSo e cplplo Wlx 1y p3Y (cla 25
@ iy ST Cod (355 miie lp (b pE sy 9 5] alSoals wl p diader Jae G @)l dllae cpl jl Bun 1T )l Sl ool
5 kil BB ol Jae céle g &) Lul@ 9 oMb Sy (gloodld > Cualad s ool sumiin Cunle Jold D990 (slacudgase 2, jskaio
Sy aadlas cnl p> odlitul 5)50 glaodly el (gjysliS SV game b e lp ordle Gros T lapi sl 5SS 4 A
) 5} ol gl sl YE+ o/ UYY B YFRAVIYY ko5 09 5 ya) 6VIS gt 55 (B85 iy 51 (6lm313,),5 gy oo iy Cansd slo;
DAl dy 1 Cead ot Sl 395 it s S Alpte Ay Sl 4 gtie S35 015U & gl 2l ) ol gl (¥ s
Cul cpl Solo it glrodly degazms b diges 5l )18 i 55 9 S )l 0,005 o))l Cige (gjlwand (655,15 51 Lol ol (Y s oald
Cosd 3,05 )18 plogs )l VIV tagd s )3 (ol YIS o2 )3 (B g 5T Cuad (gl 89 B Cunsd (p gailisndp g (5 oo &S
gty (g pud Jdo 1 oolitwl il ol guls wlul p (Cul dopd /Y s i) cuwl (Sl OS] (gl (o8l Cuand b odds oy
9 I g (silutend (Bres (550 as &b I35 215 A (Sage LS @b in o 3 0db 0 I (il (651 5 0t
N gao uls (905l 5 Garotar sy LS BBl g @ape Je So B (50 9 (5] 055 (23 e Glsisa e slaced glizl
D90 gy ilie (Sloj sl g (35 4 Sl b ()9liS

I35 51 Sl gy Ky 5 laools 5 axdly LAl Coagd cloosls sllas lpe dnodls al3jabss (sl SKge (155 (655 b () &S 3 L adllas

e (omas 48w (6550l ((colSodld (S o 0y g5 Cige (oilwdn g Sge (6595 i (I Cansd i 1S saily

Ol 0l aliwsy dmugi g (55ysliS Slatdl g5yl (slo gy Ao Sidngly =)
Olpleilyts o oliwsy drwgi g (65)9UiS dhamdl (g3 )0l (clo ying s dumwge ¢ idg Hbobuol =
(Email: rezaheidari3631@gmail.com : Jszue o gi—)

https://doi.org/10.22067/jead.2023.79545.1165
5 5559l LBl (32540l (Sl iy ss dunmge 53 € 55)sliS GV yoye 53 iy (ST Cansd st Jde (SIbY Clgis b ingh gyb 5l 485 5 ol adllas
Al (pliwg) dawgs


mailto:rezaheidari3631@gmail.com
https://doi.org/10.22067/jead.2023.79545.1165
https://jead.um.ac.ir/

VFY 3l o oylod PV il (650l drwgs g obasdl 4 pis YA

Py Slule S8 &y g Canl g9y oodly 51 63b5 poe Wy L
Sy oy gamrz cunle 1 plaiy lagSl aiS L Sl e
SoS (6559liS” Y gats Cuosd (348D (o i 4y (65y0liS Sloj
J(Hirapara and Vanjara, 2022; Vohra et al., 2019) x L
asd dlan | 65ysliS Sloj sy o3l dsgaree Logas
Baes o9 ol 4 il awsh gamas canle cul S
Jloy yd dill o das e Conlo (5))5liS loj (5w (gloodl>
i slb e an 3108 o Cund Slogal jL 5l g azily g
Lol clo3g03 S’ Slaslins y3 Sl alawlgs |y (3L Cangumo gol,
Ao o duol slacudgize laie cod (gloaly lgl s lus 8 d4ng
h b sdse ) pegase b e Gl g <85 ials
odlawl b P g yo L;Lm&,,;.{(i dxwgd cL'):{‘ » 09)4.0 L] 03903 rvh‘)ﬂ
Cusdly nl Sl ilisie ldlas 3o 5l s 3509,
$lacaie J sxSope b sty slaie o ol S L5t
ke olacudgasme xdy Sl s 4 ¢ Jao S LB o Jao cpin
Slogdl 13y 9 )by Jloy & (pliwall (s pé b Sy
AL cled o Copde Glojen job 4 1y laodly dcgasme 1> dg3g0
P odd Gmphy bedly ) Cuslad pas Sy (85 i
Joshi and Patel, 2022; ) cul pdy ol 50 (o0 yud sl Jio
Oledlles wyp opwizeed J(Paul and Garai, 2021; Paul, 2015
s Jde 0 ob (£5)5liS Y guate Cuaud s yiay 0j5> yd alisee
Sl (S &5 S e ple sy Sl sl ) 2 g (e
s llllas opl 28148 Canl Cpl Cuosd i slaJde )0 7 skas
ot plie Bl jslaiedy Ll LB a4l Jaor S Sl an
a5 b A xloolss a8l)] 1) oai] gy 5 ool S (gl Cand 0d
598 Y gase Cuodd (il 0 (eolol Gl M2 392 4
Cozlad pie 395 g uasd Jloj (g yw o0l ganiins cunlo foli
ool ol LB Gl Jae S &l pas g odd i codly jo
oS 9ae (bl 1) g dlge 13 &5 335 o polae Sl
IS g S e 1) gt 2538 Jae plST (35
e 9 Sl (65ygliS i > ol (Slple Y gae (e
Sk Slple (o))l g e uiS pj waw Myl (e JB
by w1 ced il o3y olassl 36 |y Jgase oyl
Sllwg aoud jd g oy olpen ed Cllwy b 3l o Jls
UJ"LSBS Q\})SL;';S &S d)9jo 4wl OI):’.] Ol)lf Lvor) d..\.ai).)
o> siilon g il lple )5 1y T L dblie 5 o e
1) fconl ol pots Cuzlad pae g ond Sy b (6550liS” &Y guaseo
ol aplog cul pSoilul g o] ied laplog 4 g
oo > e Gk Cueal 4 dog bl Yoy slokg

o

LV RY-T

g ok S5l e 55 5 lar ez G130 o
b e s bl o &8 @ g Mg clmoslys cunsd yial3l
el Coel 5985l ;503 (e (6559l (559l Y guae
ool Ygaze ik Gl 5 )b Sl ol 285 4 )
dacdyy lp (lel il ojlgen K> B 1 (6j)9liS
Liu et al., ) casl o35 (53558 Lok oblsladl 5 o8 Caslons
S laie a4 (6555l OV guame Caosd (e opl 5> (2020
g ah Ll (gmle olgen «5hgliS i e sloadlse
S350 (5y9lsS slasdl v yialS b yialial b ol anuslys
sy 93 £584 0wl o b (Vohra et al., 2019) .l
509U SV Cuod (ul Sol S 59 9 Ug)S gy )Ll
Heydari and Haj Seyed Javadi, ) cuol 63,5 ,lubb luas |,
(2022
«$5r9liS SYgarme Cd e Sl ol jl )6
SLy5aS ) (559liS (sl ezl g (5)9LiS 51 ()l (5> 059l
$29l8 o piey (0 31 9 )l3k slaciesd Ol pe Sl dnwgs i 5
)5 Ty 33 E¥gaze gy gy wollas Caod @3S LUl
&l <yl wly (Joshi and Patel, 2022; Hegde et al., 2021)
4 Gl Vsarme Cwd notn syl B
@ U sl SaS (gjysliS o)l genS g i poliS dacS s
b ol bl ol Lzl b g 4l cuss 53 Jssd LB Gilaal
Cacdl g Gops jl gla b el 1) Sed Sy gd90>
3L 0y50 O SUST 5 Wyl 1l ¢ 65,5LiS" Y guamte Cansd oy
s ol dlie 4 4 395 355 L o sl Gl
Joshi and Patel, 2022; Paul ) cuol sais a5 ol5)5lisS™ (gl
and Garai, 2021; Mitra and Paul, 2020; Vohra et al.,
(2019
Gl Jols &5 sl juabg (oagpde ciedgn (5))liS
5 e o bl ol wile adydn clagld
il 5 3 sl bedh yglaer sl 50k lapna)sS)
38> oMl b 23,5 0 rkae (6,9l (s (VI &y
RS 43|)| Jy.a.’xa 5! d..sb @L.: S G e d)jw.:ma.: d‘ﬁ.
nglfo)b dLb,»bﬂ»i” 9 uwl,a d)ﬁfblg. S ‘OL‘:" O,g] 5
5 Bluo o somo 0 sllae a5 51 (S Glsisr S5
Cad 38 opln O dex ) Madan (g5)5liS M
S3o9S jayel sl3 )3 &S Iz 2398 gjlae ((5jyeliS SV gas



YAV kadign (55,0l 33 crmmiile Gans 5550k 1 (o 5oy (S Sk (6 5315 & (> 9 (50192 s >

WU ) o) 5 99 (GUO and Wozniak, 2021) Sls594 g 95
Sher 5 J (Gaoetal., 2021) Ko o 55 (et al., 2021
9 o (Paul et al., 2020) ,Ken 4 J «(Li et al., 2020)
{Li and Wang, 2020) Iy 5 J Liu et al., 2020) I, \Sen
&b 3 eolanwl &5 oy oL (Wang and Li, 2018) J 4 Ky 4
dnodls degoro (35395 (Sl (omas (Sl b S5 > S
S0 (B pn sy g |y bodly 5l Jols o i Wles o
Sl bled Gupie Gy G ras S8 S s
sladse plo b ol o i €85 g ord odlitul cilises laVIS
Nassar) o, Ken ¢ las adllas Jlio glys ol 05 duglio (g )lo]
5 Xily (Sabu and Kumar, 2020) ,LsS" 5 ol et al., 2020
ohler 9 eSS (Wang et al., 2018) Ko
Siami Namini, ) _ue slo J(Karakoyun et al., 2018)
ol ol (Kamilaris et al., 2018) 4, San 5 (s yMeolS™ (2018
St poyo (Fiw S Jde Sl Bras 650k Jhe iy cBd &S
2 sylel Gl Jao BMS 4y a5 ops D)lge 5 (SO pisred o]
pis oo Wl 0 4;'.">|>),‘s~ Oi & )‘.05 (RS S gl e
Cuol oy b Jde g5 cpl )0 il o ol &) pKin j> Coalad
@l 3l odlatal Ll ge yoSe Jelod g Mt (ool Lo o o &S
O amd e i gyl ool il el )81y o i sla e
odd ()15 cuslio 3,8es g ()92 e Jd> 4 S g g,
(@dxte 3 g0 sl Cuabad pae 2 Sl ey ey ol )
addllas gas (gl Cunl ods 555 eiSU gy ol il edlawl p
(Pablo et al., 2016) ,Kan 5 5Ll (Akhbari, 2018) (,Ls!
Pourreza Bilondi and Khashei ) (S'guw (il 9 gl Lo )y0
ol (Maiti and Tiwari, 2009) (¢,lb 9 ulo o (Siuki, 2015
sl Jde oo cBd )5 Cige gy il salatwl 45T Cowl el
ol 020> iulal |y o i
SigliS CYgaxe Cwd (doghn die) (IS Heba
g oo oyl bl 5 (B &S ol i plol alisee cildllas
SjoliS ¥ gare Cuod nghy ojp> 5> (I Clllhe dlex
Haj Seyed Javadi ) (s,0s 5 (oolsdw gls Ollllae 4y lo5 oo
Hoseyni et al., ) ,Ke» 5 swe (and Heydari, 2022
{Ghaderzadeh et al., 2019) ,Ken 5 odlj6 (2021
Ghahremanzadeh  and ) 0315 ylo yo 8
Touhidy et al., ) Ko 5 s8> (Rashidghalam, 2015
Moghadasi and Zhaleh Rajabi, ) =, dlj 5 wide 4 (2015
il eslatwl p S5 b ()8 Sldllas ales I g 6)lil (2013

eMens, g

3- Monte Carlo Method (MCM)

I exSsle Gl cwle Slajlil 6550 po3l 9 olul VI
2 S Sadsn Jho S QB! Coli 3 9 g 5> di
Hadgh (55,908 o) )3 g (J1 Cuad 555 ey sl S
Caad pie 3505 Blod daosly (samiin cunle cupie )b jl
ksl BB al Jie cale bls g ond doiie cbosh
sl (65)9LiS Y gz Ceod (i Sy dine)
2 pghe yob 4 SleMbl (655l sbaisyglys &S Cunl z2ly
Sldsly 5 Las OV pane drwg & e g Jiwd b b
Ui 5 @lie wlsi oo 53 g 4 o gl oo alyglsi (6,8
&ly 3 Syl el @ oliyeliS iy @ g o sl o2
5 smoin Sl |y )8 pte sd,S0g) 5 (6y5l8 s iy
Joshiand ) cosl 03505 warl 3 (sim i (glaodls 5l SleMbl w)yp
e ol opl » (Patel, 2022; Raflesia et al., 2021
Soty lp gdedsw sladp)lS gl (golSely  slaSuss
o Ll alen 51 a8 sin (65)9liS Y gamme Caodd i
Silodnd g TGres (mac &b M Soge has @b sp)lS 4
agorme (hibpotn sly Wsed plysar 0,5 o)lal TS sge
Olsists Sage Joas @b Sloj gy M g Bl g oy
595 4 39y 9 o3 Wal)lS jlaas Mai8 S palbl SuSS S
sass (Anjoy et al., 2017) S ol (s bn Cugoxe
Sl gyolis g oS closldl 598 5 Shas > &) 55 Bres omas
Jgie 1) (55)5liS Lise slaculld I (o)l 045 00 dlm] >
Gaos (6050 o 3l edlawl j3 0ads plol wlddod ST sl 03,8
Oleis & I)._>l &S 12 o Ui g Cuol VoA Jlo 5l e 4y bgye
sy (> g b yie (e 1y W358 g 4 iy IRl SO
AWOTKa et ) ol 43,5 ))\5 dngi )90 Coenl 4y i I Ll
al., 2022; Rasheed et al., 2021; Liu et al., 2020; Wojtas
e 9 iy 5l 5w ) g (gileand L(and Chen, 2020
S calizes cladis )d dgge Cualad pis awyp dlp LSESS
]y Cuskad pie (35 g0 4 g b o & Casl iy e
J(Pourreza Bilondi and Khashei Siuki, 2015) 5.5 » ,l ,»
oS (omas 4505 «Sage 145 b o) calisee cilllas 4
sl 048 A0l o gl dgme lp ) Coge siloand 4
Sago i el 5 455 jl onlil sdllas iz gulis ol 5
@S Bl ) Sloj (g 3 39290 Slang Nlge Hge 5k
aote e 3 odd o5 Sloj sy | g S5k
axlllas o ‘JL\.O Lg‘)f f.);o.)LéL»‘ Le(v] .))g.o& dgabe dl)f cewslio

1- Wavelet Transform (WT)
2- Long-Short Term Memory (LSTM)



VFeY 5l o oylod PV il (65,9l dmwgs g obaidl 4,5 YAY

Caosd (b Slp ooty e Jlo S Lo ) IS5 )

SN pud J.\.o dl)?‘ FOMESW] O‘)il L;YU ONR D A u‘i
Sl Oldllas ) oid oy yad 3yl 49y S bl (oolgiiin
Gilwoslel 5 (gyglaend Kaltwe dlul g oy ol Joli
A Ko (gla S5y wdigo) Wodly Juloi g 4y iz Klaodls
Sinygilor ol Jao b ooty Jao o5l 5
Ll slaced gl 5 «(obiin Jl b g cils)
3909 Bk €[ laodls asgerme b dged | )b (i)
2 Gl Bras (65500 mae a8 Jdo 4 Cuodd s glaodl
s @b Jols gglSoals (Sl ) ooliiy i Jae
01558 455 (LSTM) g5 (£ S0y s 455 WT) S g
—shlS Cige (iludund (B9) (Bras 550k 45D 3 (AE) T K05
oolaiwl (DE) «yin (slaodly degozme b dig0d jl yl8 oy
‘_;AJ.)‘)M-\) Aiins Koo .)‘.:u] 9 uJ).:u» d.l>)/a 29 '.L.JI 2 ) 0
o 25 o 8 g 2050 ol GV gt 3 iy 1 e
el g) 5l ookl b dmodls (5lwodlel als o 13 sy g0 €laodl
Sl Cadd dwgy Sy (g glgewl) osly (gileylsen wile
o b (3905 luSy) odld (g3l 5T )il ot (glotus, oo
Slodly 2Msl 5 Jlgio 5y i 30 (6155 slaoals FMol (aosl
4 39)9 ly Ay 1 Cad Sloj (g dlsgey degazme @A oS
950 Pl JuS1 53 dogsyo (5)le] Slslone plosl 5 i Joo 3
2 cuSiligd 28y slo hg, 5l ool b 55 (61,5 slaodly M
oo 13 5o plr (IBM 835 b Lo ye) il il
(o3> (sla Sy (wiiaen) b laodls o 5 41525 (dm pye
Wi (S Cansd Ay By s g (ajags CBis) laodly (oljades
GiProin Gl Sage Jods @l Sl alsye cnl 3 gBly )5
4.0.99 iy 9 ol odlaiwl w.‘) L_S"L:’) & @].))499: 9 SleMb
s s IS 395 23S IS 40 3] 6 Syt Ml b iy & gy
oo 3550 e e 45 £S5 L lajad o & (e
Jolis als po oyl ol € ooloiuing Jdo y905] g drwg» Jols am
duslie 5 Jdo calizes (slalid b d}o}] drosly poes ol S
55 590 (slmosls slass daodly poms i SSE Ceomid 4> canlyd]
oasede gejl g omieyliel (el slaise (dlp
5 osliznl b o Jde cilisee (sla)lisbe g0j] Cromd jd 2945 oo
b5l 550 e coglate (gla, bl liol ¢ il (650 (sl sl

3- Auto-Encoder (AE)

{Joshi and Patel, 2022) [L 5 Lig> aslllas & )le5 o (5yliS
LB 5 Js {Sharma and Rajawat, 2022) <lglsly 4 Loyl
Haviluddin et) |,\Sea 5 ;p3sbsla (Paul and Garai, 2021)
9 b (Raflesia et al., 2021) |, Ken 5 Luddly (al., 2021
Rasheed et ) l,\Ken 4 Aoy (Hegde et al., 2021) -, Ko
Jo 91500 (Mehtab et al., 2021) l,Sen 5 Llis 4(al., 2021
o9 dLiuetal., 2020) l,Ken 4 oJ (Mitra and Paul, 2020)
OhSen 5 Ylgus, o (Wen et al, 2020) ,Ken
Slodl wyy Eaemme )3 3,5 o)lil (Roondiwala et al., 2017)
adlas cpl )3 (65,9liS SV game Cuad (o Ogelim ()l
cslio (gl ;oS 5l oS s (63,8 Slisiss (V oS by L
b mobn e e @Sk cbdie Al p e
Sladlas jd duy o Y5 & 5 Slodged eolitwl (55l Y
WS g Bees mac aSd Jlo jl lojen jebay eSS
Orrete 53y o Y Cod it gl ol 55 eass
d )8 (V bl ouuts ool (anlllae ol 5> diips 4ddg luas) L yuxie
P 4 9 Aol g g sl PSS90 b I (J3I lalllas 5
Cige ey 5l adlas sl plosl 53 Lol o onlitel digas a5l
alols &l g dnslore jolate 4 S lyLL B9 S lgie 4 g5
5 (o,&,.f: e e slodls (gly L;)l.aT s Jse JuLo) L')li.:.o.‘ol
Owile 63650k sl oSl oen a4 Jlte (o8I S iS5
Je L () 9 (L3 Sldllas 1 (g5l 50 (Vg 2905 o0 0liiu]
o ol Glos 3 g 00l (Byee Cd inpte sl culie
Cod el lp Gliol LB 5 b Ju colo» 8y
Jos cublB ) od by 4 Sl osds &l (6550liST Y guame
asgome sl ("Wige Jl )l npinr b ' Cimglas pords 5l o)
als yo )3 adlllas ol (6)9lg @Bl 4> ol 0AES pumse Mdn (slmodl
dope g Jho Yl 3 (Wl Laulpd (Sialan 5 0,5 (ol
ol 4 By Sls b o698 cyun Jbo S ol (ol
Sl (G55l GV g2 53 Aty G S i
b 3 ey Jae wlpl s o olie 4 (ot
Gros (gpar &b «Sage s @b Wl LS a3l 5955
b @05 5l ) e 5 o8 oo (gilwand 8255 saiSsS

Do o pue ud> (slaodld degezee

W g, 9 g0

1- Deployment
2- Scoring new data



YAO  kiedigh (55,90l 33 (ymmiile Gaos (5550l 1 (o Sy (S Sk (6 5515 & (0> 9 (50192 s >

ailjey Cuosd (Sloj (gyw adllas oyl > oolitwl 350 (glaodld
Sloj 0399 53 Glpl GV oy )3 iy (5T S0 8 S s
Pyl sl 5,58 15 by s VEe o[- Q/VY I YFAA/-V/YY
S AV SPYA PO KV AR VS P IRV LS KV PR RV I W
039y Ay p,S ol Voo Joleo al3) )3 o ojluil il o ol 58
Molns o5y 53 ity (ST (laalal,3 lolan ) Cansd i 03l
Lo O (il g Cuo pSIa 8 (Malae jg) dygasd Ceasd &y S
YO diny u-’T ol 0 o)law o poes Sl piren ol
FS s lgs o 5)lhw o 40 (6 i &S dme cpy S4Bl e 2l)),8
4 Y LS i O ) (A p,S5LS YO Jolas) ols)l,8 YO
Colos yolaiods dtwy ST (sladldyl )8 Molre g y3 45 ol 83
Cuol o 48 )5 Ja5 3> Ylad (gl 50,8 iS¢ g y5liS” YIS 5
Oleile @yl 5> g YIS yes Melro 3505 Cdldyy 5l )b yidiio 5
Iran Mercantile Exchange, ) siws Bl bl Gyl 5 ()9
(2022

Ol €l Jho (abj)D dsye 13 098 o0 dumlie S0y
o jiel )l g odd Ol Jue Sl o iae 0ddh (gl sla e
Ao )3 298 00 patdie (gml S WLLE B )b Sl Jue Ao
L] Bl Jao (et Jao a5 5o b St ilor
e sl BBl Jao 39 o fossi 5 5l 5 J] ol 5
Sloyed 1 Cuadd o i ) ol Jo laie 4 Wlg e aS ]
B 5> o Ol e oy yiae @ly 93 05 ), o3kl 3590
P el BB &S gysbas b o0 Joas dyluliel LB sl &S
& Ll BBl Jao Jpame bty Al il (slo )il
glizol Jols olal dlsyo b o ans XML Caoyd &jq0
Slr P Coge iloans jlals o ool 5wl €y lace,d
sy 503 ol & 9 izl G Jla] 5 Jene 1)
Taw Vb b (dlosd (Bros (svas &b (295 lp I Coge
ol @l i > S (e dnalre 1) Sy (a8 g (liebl
ey odzn Olulbre OYaleo 5 Ly, 5l edlaiwl b 50 dls e
Dgd oo plodl €uas (glaodld dcgezme b diged g B o io¥

Hgdien (Syme by Jro lil ISy caeldl

Ol Y6 (w90 3 dinny (ST Cuond (ol (8152 (SRl (5 S0 JUB Lo ) JSWo
Figure 1- The structure of the proposed hybrid model for forecasting the future price of pistachios in the Iranian Commodity
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Table 1- Specifications of daily maturity data of pistachio futures contracts in the period under review
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Figure 4- Normality distribution of daily data of pistachio futures contracts maturity in the period under review
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Table 2- Test results of daily maturity critical values of pistachio futures contracts in the period under review
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Figure 5- The time series of the future price of pistachio and its components analyzed by Dabshiz wavelet 2
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Figure 6- Density diagram of denoised data for the future price of pistachios in the period under review
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Figure 7- Performance chart of model of “Wavelet Transform Function-Auto Encoder-Deep Learning Neural Network-
Monte Carlo” for predicting the future price of pistachios
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Table 3- Out-of-sample forecasting using the model of “Wavelet Transform Function-Auto Encoder-Deep Learning Neural
Network-Monte Carlo" for the future price of pistachios (Riyals per kg)

- e sosly (srg U Wged 51 gy Cuod (S oo (ABly Ceond 3o s
D.\-;.:‘ @)U Y dm‘ M)b
Future (_‘JL:’) s (‘_Jli’) _ (‘Jl_'l’) Percentage
date New price data scenarios Forecasted price values outside Actual price values difference
(Rials) the sample (Rials) (Rials)
1400/09/24 2150000 2136703 2152314 % 0.7
1400/09/25 2155000 2136703 2152314 % 0.7
1400/09/26 2160000 2136703 2152314 % 0.7
1400/09/27 2170000 2136703 2152314 % 0.7
1400/09/28 2207000 2136703 2152314 % 0.7
1400/09/29 2210000 2136703 2152314 %0.7
1400/09/30 2116000 2124870 2152314 %13
1400/10/01 2140000 2124870 2152314 %13
1400/10/02 2120000 2124870 2152314 %13
Source: Research findings
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