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3. Mean Ideal Distance (MID)

Journal of Agricultural Information sciences and Technology
Volume 9, Issue 1, Serial Number 17, Spring and Summer 2026

jaist.areeo.ac.ir

Digital Twin and natural hazard management

Abolfazl Jaafari
Assistant Professor;, Research Institute of Forests and Rangelands, Agricultural Research, Education and Extension Organization (AREEQ),
Zehran, lran. Email:_jaafari@ris-ac. ir

Abstract

This article introduces the capabilities and applications of digital twin technology in natural hazard
management. A digital twin is a virtual, dynamic, and interactive representation of physical objects,
processes, or environments that, through the integration of the Internet of Things, artificial intelligence,
and big data, enables accurate simulation and prediction of system conditions and behaviors. Originating
from NASA’s Apollo program in ' 171, this technology has found novel applications in recent years across
various domains, particularly in natural hazard management. Adopting a descriptive approach, the article
examines key applications such as critical scenario modeling, early warning systems, real-time monitoring
of vital infrastructure, emergency resource management, and immersive training. It also introduces
commonly used platforms and explains the role of the Digital Twin Definition Language (DTDL) in
standardizing digital twin structures and behaviors. The article further highlights existing technical and
operational challenges and underscores the importance of developing supportive infrastructure, unified
standards, and interdisciplinary research for the sustainable adoption of this technology. Within the
Agricultural Research, Education, and Extension Organization (AREEQO), digital twins can enhance
natural hazard management through scenario-based research, interactive training in disaster response, and
the promotion of innovative, resilient agricultural models.

Keywords: Drought, crisis management, flood, landslide, Digital Twin, simulation, wildfire.
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V. Spread of Non-dominated Solutions (SNS)
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V. Functional Breakdown Structure (FBS)



b basS g Sgrls (gpplo Jole ((pdlo (e [ g opglateriz Sy plosjl gl slagh oSl A lie

(o O o]
25000
j
'i 20000
. 15000
'_E.
e 2 2 10000 PSO 1|
4 5000 | GA
3" D = T T T T T T T T T T 1
1234567 8 91011121314151617181920
iteration
O O '®)

ol Sl 3991 3 0oliel b oad o ilue JToul 3 B ool (pfilie ol duslis £ K&

Golgiin Sl 31 3 0oliel b ond o filus Sglial Gl ool (b s asLd dwlio .0 JC

80000
3
;EDDDD
]
= 40000 ¥
_-'5 Pf — G A
4
2 20000 e PS O
3

G T T T T T T T T T T T T T T T T T T T 1

1 3 5 7 9 11 13 15 17 19
P

Solguiy S 5951 51 ol Cawd 4 Selrol S o ol y b s ol Sy Sl Sl gt 05.057 i Jol 3N 2By Jv

V0 pladli g sl Y (gl ojled ) o)l cut 0,93 ¢(53,9WS leMbl (559U8 g pole (2mg,5 dlome

1A

SNS
hMean 51 Dew,

M 5k Mean
SNS for NSGA-I

22 L3068 11710 2618
SNS for MOPSO ' |

22 51171 10572 2364

' 23 ' 1897 1259 952

95% CI for meean difference; (=97, 3290

T-Test of mean difference = 0 (vs not =0): T-Value = 1.99 P-Valueg = 0.061

o gl DS Pl (G ludiag 9 ¥ KBS D gdiall (S dinb (SR 151 3l tol> (65 s S 2Ll A lin ¥ Jou

REHPR WA 45‘)\ W esls @ﬂij *)J‘\f&l.b ,a:-l.&
°M§JBT&J>J)6~)J34~LSJLA(.:{)}§H>J§L.a¢4.a|>|).>
!

sz\jtoj_ﬁ)T€\>u|)‘ou\_ﬁTC,_waﬂu6)\_0-(@\;‘; [ J

Basdl

\olgriy als YY o I Jol mls (S ol s
(3t 5 Y 55 o shrel (stvaile slagn 5 S 51 ol

w\.w‘ B Jnﬁb- @\S; Sl 0l 45‘)‘ a)‘,k.a.k.q- Q‘)b C\:—b)‘

ersledin OLd pleail Siloan Tl oglieli (suiadids
Y L iﬁ N P RSt ST ::;::
el f-oly P e KL L S Pt ) &l l-oly ) o oyled
o 3Bl gl o & s 318l gl
gl \_jTa._m gtel LJ‘T::..\;}
FYALF P VIFFF A FSF LERRVRTY TYALF VVFPE AV LERRAT VS
Tan . W AV TAAY BVRA AR Y v E AVE LR AF Y s
LS FPARTY VETFE FE AR FEENY FIANF S LRI 4Y4FF. P v S
FRVRL TS VERA Y RYTE T TRT LCEEVAREY Ty FaF VA YY ¥ _}3‘._,
BeY VAl ARV AT AT YA BYEY VY VYT YF B4 AN b s
FRoSF M VPRI AL AF TR Foud 4y FESY TFY V4 AFY P
FRAFY Y AF AR BT ALF $5FF LEVRL TR TEEEV VY AR FF 14 VS
FVA VY VAL FPAPANE LRI TR Van5 Y AF BAY VEAY A S
LAFTY5F FRFAS T HTAL BB ALY BV L WL EFAAY AYF NALS 4 e
LeFaY AF VAFFE VA RS BAL 1 BF Biradav LLERE Y B 1o ATV S
LRI FET4Y DAY F1A TR BYATY.SL LR | FYVAFIA WS
BYFVF AL FAL T AT Y Folvev BviIAL NS 4aaF Aty VORF S5 Y S
Flaas e (ELTE RN YRR VAT BRI WY AL YA F1F e hl._"p:;,.
A AR s Y 4Fn FAaF SAVLF BV CELAR T VETAANF WS
FAY Y oF A ST Berdad FAFVE A VVFAV AT A B VAR 0 S
LY 1aF P AT VERYS VEATYF LATEF TS ¥ RLAVE WAL FF npdg;_
SYYA4 VA VAR R4 A FRERAY FAYLE AR FAVEYY VEFL AR Vv ._."5:;"
EAVE A WVF Y SEVEY YRR FaY Y PY aYVF YT WeE FAS A hl._"p:;,.
FraFaAl FOTRY Bva Ly W VALY Froatay TATEYY Wl Favd 14 ‘_!.51;,.
BALLY AP YoAra FARMY LERRTATY FATAY PP Vrdas AR 45 FRY Y. Jg;_
FHVEL A TRE RV AN YVE By AAve OV RV TR BAY VRV 'R d.s:;,
Bt VAL PFFAT AL AR ATE YRFY LT YRRy A AVF MAAP A

1. PSPLIB



et bosS 5 gl ol Pl (2l e /g opslatonia ) plajl (giludin slai Sl anylie

g

Max Spread

A SO0 =

LU LR

250040

2 TN

Data

150040

LMY

200} <

Max Spread for NSGAI

Max Spread for MOPSO

Golgi St 5 3 o Cawwddy JTow! 31 Bl el (uSle oLl polio 9l 09037 4 L g3 0 Box Plot lages .Y <&

S 74 2 e (0 ganl sl ool 2 e L) s ool
Sl ol 28 ooV o )la s dliens 55 Do als Gl
FAVIY,OY Sldie ¥ ¢S o ghial (guvaids (gl o shaals
&i\U,Ja:.m:.?Qbs(‘bg\@u%@ﬁa\fguﬁwt
GAuaib oS A as o DL gl ol g FYOFV,YY Sl ie
s Jomol 5 31 (5 e (S ST 5 5 il 5 ¥ &S5 o il
VU Cmbabpde L (55,5l Ll 55 S nl S a3,
9 Sl e b (e ot Calee (gla gy sl 4 5L
S5l Sl gl 15 (5503 28 sy B OB WS oS o
IS 0l e 2alST &S Sl as slaes s O 5 das s
Sl o gl ol 385 Bla (55,0 LiS 53 ea,ls Cuanl 035
b ils s bl (Jle Ol g ol e
NG o sd plasil plons ST nlin 5 jate s Slej slaojL
5 (6,8 gl Jgpame 0> o
bl 487 sl Olas sdgy 4 s ol 5l el me
S andles oS 5 o g5 & comlie 025 S
AR 55 GlodiS s 2 aSh (At 3 g ) (5555148
(s 3503 b SN 1 (58 sl 5 Sllee Sl 5B
&S sl (glasb s (6 liS (gAuOle) asl o S gllaa

J= 61 Y S o dael (gl ai b 5 o) s batein S5
o5 Rl Ll e (65, 5LiS (Slae]s s (s uOle ) i
@\_ﬂ%ﬁwf\smmouuﬁmn S Jol>
j:,gjj_,,gé;}up}u,“,}_m,u%u)srbg‘
e Sile 5 by (JTodsl 51 Ol ol (e st Ls)
(s Ol ot 2,505 Y 685 o shaall (s elvaib 4 S 5 5
JTedl 51 ol il 5Kk ot Hldae ) o jled ali e 53
St 3 FVNA o) shiadier O3 ol (5l s
Jils 53 Lo gy e o 35 Y 685 o slael (gl aal
31O il 5 Sle L Ls 1Y ojlad ali s dile Sodomy
PAANY o shtadior D)3 plos 51 (6 5lmaigs V.:;_,,iil JTous!
S e ¥ 65 il (g aib () STl 53 3 5
La ol i abolb oiasplits &8 Aiioalie YYVAZYA YL
Sl sl Jomoly a5 das o 0L § o5 pl il a0 )
Sedeyshiadar Oyl els il (g Glwaig Slesliul ol s
03,5 wal 5 (S 5 5 S 385 (Alle) 5 03 K35 Sk
Slas w50 153,03 (63005 ml 4S5
CnS 5 LS Lot (s 5 S8 o (55l
2SN Ss sl s a1 Sl o 1) U g
£ 5 SAS T pasr s 53 ¥ S skl sy i

V0 plidli g sl Y (gl ojled ) o)l cutd 0,93 653,98 leMbl (559U g pole (2,5 Al v

158

16

14 -

1

100

Data

- |

T
MHFS for MSGEA-

T
MFS for MNOP SO

Solgiiny (S3lgring (SR 3eI1 3 ool Cuwd 4 SPN ke (8l 2 g03T 4 gy o tolp X0B Hloges 1 Kb

O}A}To)b-")‘u\:ﬁ.ﬁ cbﬁwbl.».&w‘? J)J.’-)‘S)}LQLQ.& [ ]
o3 ol 53,8 o5l 3 s )390 Oliabsl 03l 55 o

Jﬁ);&.‘éu’i}b)ﬁ&)‘ﬂ.))‘bﬁ)bﬁﬁbﬂ)‘@

030l b o plial gla Jomoly 3 28 ot ls sla , Kle
osls Ol Y ﬁj? Jgd s ealgin Lgl.ar:.:)jiﬂjl

] ol

Solgiing Sy 3951 3l oolatul b JTows! 31 Bl il - oKilko (s ls S Sl S 9l t 0031 31 Jol> (SskT @b £ Jooo

MID
Mean 51 Dev,
N SE Mean
MID for NSGA-II
22 2137 4889 1093
MIK for MOPSO
22 647 152 34
22 1490 4893 1094
95% CI for mean difference: (-800, 3780)
T-Test of mean difference = 0 (vs not = 0): T-Value = 1.36 P-Value = 0.189

35 bl opl plol Ol (g 5lmaigy i pi Lol (e
325158 (S)50 2 35t S 30 5345 ST el o3 g
Slles ple g ils pocils ccsls Jola e Jlad -l s 505
Ceile sldad o paCusgdome 4 a5 L L 4 S Wilkes 5

gh el olens ST Ll a5 Sll (65,0 YT

<=l>:)'1 Silwag g'-:i)jiﬂ 9 :JSL.:— (R 04_1 BXL

wl Eadia O_i\}:ZBOXPIOt)b}_aJ O:‘?r‘”--’)"\—;

S (o Aol 7 sbs

Lo olwd
3 Olhas Sl (glas gazen (65,38 53 GuuObe) laess 4@

S el yo g esin Mg Ll oS s anly sl



Sd koS 9 Ngals gl Ple (2o Glire /g 0pslainniz ) pladjl giludinge slap oSl anylie

r

Solano, N. E. C., Llinas, G. A. G., & Montoya-Torres, J.
R. (2022). Operational model for minimizing costs in
agricultural production systems. Computers and Elec-
tronics in Agriculture, 197, 106932.

Taheri Hajivand, A., Shirini, K., & Samadi Gharehveran,
S. (2023). Presenting a meta-heuristic optimization al-
gorithm for solving the problem of allocating limited
resources to agricultural mechanization projects by
creating a balance between time and cost goals: 4 case
study of Moghan Plain. Agricultural Machinery.

Taherihajivand, A., Shirini, K., & Samadi Gharehveran,
S. (2024). An overview of product performance predic-
tion using artificial algorithms. Agricultural Mechani-
zation, 9(3), 1-14.

Taherihajivand, A., Shirini, K., & Samadi Gharehveran,
S. (2024). Weed detection in fields using convolutional
neural network based on deep learning. Agricultural
Engineering, 47(1), 129-142.

Taherihajivand, A., Shirini, K., & Samadi Gharehveran,
S. (2024). An overview of product performance predic-
tion using artificial algorithms. Agricultural Mechani-
zation, 9(3), 1-14.

Zaki Dizaji, H., Shirini, K., Taheri Hajivand, A., & Monje-
zi, N. (2025). Modeling variables affecting the yield of
sugarcane fields using deep recurrent neural network.
Iranian Journal of Biosystems Engineering.

Sprecher, A., & Kolisch, R. (1996). PSPLIB-a project
scheduling problem library. European journal of oper-
ational research, 96, 205-216.

I. (2021). Modified particle swarm algorithm for sched-
uling agricultural products. Engineering Science and
Technology, An International Journal, 24(3), 818-828.

Liu, Y., Zhou, J., Lim, A., & Hu, Q. (2023). A tree search
heuristic for the resource constrained project schedul-
ing problem with transfer times. European Journal of
Operational Research, 304(3), 939-951.

Memmah, M. M., Lescourret, F., Yao, X., & Lavigne, C.
(2015). Metaheuristics for agricultural land use optimi-
zation. A review. Agronomy for Sustainable Develop-
ment, 35, 975-998.

Saeidian, B., Mesgari, M. S., Pradhan, B., & Alamri, A. M.
(2019). Irrigation water allocation at farm level based
on temporal cultivation-related data using meta-heuris-
tic optimisation algorithms. Water, 11(12), 2611.

Seraj, Y., & Kavousi Davoudi, S. M. (2020). Solving
the bi-objective RCPSP model using a hybrid impe-
rialist competitive-genetic meta-heuristic algorithm.
1st International Conference on New Challenges and
Solutions in Industrial Engineering, Management and
Accounting, Sari.

Shirini, K., & Samadi Gharehveran, S. (2024). Balancing
Time and Cost in Resource-Constrained Project Sched-
uling Using Meta-Heuristic Approach. Journal of Ag-
ricultural Machinery, 14(2).

Shirini, K., Aghdasi, H. S., & Saeedvand, S. (2024). A
comprehensive survey on multiple-runway aircraft
landing optimization problem. International Journal
of Aeronautical and Space Sciences, 25(4), 1574-1602.

Shirini, K., Aghdasi, H. S., & Saeedvand, S. (2024). Modi-
fied imperialist competitive algorithm for aircraft land-
ing scheduling problem. The Journal of Supercomput-
ing, 80(10), 13782-13812.

Shirini, K., Kordan, M. B., & Gharehveran, S. S. (2025).
Impact of learning rate and epochs on Istm model per-
formance: a study of chlorophyll-a concentrations in
the Marmara Sea. The Journal of Supercomputing,
81(1), 1-18.

Shirini, K., Taherihajivand, A., & Samadi Gharehveran, S.
(2023). A review of algorithms for solving the project
scheduling problem with resource-constrained consid-
ering agricultural problems. Agricultural Mechaniza-
tion, 8(1), 1-14.

Siarry P. and others, “Metaheuristics for Hard Optimiza-

tions”, Springer-Verlag Berlin Heidelberg, 2006.

VFed OL’.’.“...!\S 9 e Y &L) 0yled <) 0lauds oo 093 “5))5‘*\.5 OleWb! d)su 9 ‘ﬂslc ﬁsﬁ dulb:o Y

aquifer using meta-heuristic algorithms and finite ele-
ment method. Water Resources Management, 34, 21-
34.

Breman, H., Groot, J. R., & van Keulen, H. (2001). Re-
source limitations in Sahelian agriculture. Global En-
vironmental Change, 11(1), 59-68.

Choopan, Y., & Emami, S. (2020). An approach to reduce
water consumption by optimizing and determining
of crop cultivation pattern using meta-heuristic algo-
rithms: A case study on Moghan plain. Journal of Ap-
plied Research in Water and Wastewater, 7(1), 48-56.

Davis, K. F., Gephart, J. A., Emery, K. A., Leach, A. M.,
Galloway, J. N., & D’Odorico, P. (2016). Meeting future
food demand with current agricultural resources. Glob-
al Environmental Change, 39, 125-132.

Daneshgari, N., Imani, D. M., & Nouri, S. (2022). Project
scheduling model for allocating and leveling limited
resources under uncertainty with a meta-heuristic al-
gorithm approach. Journal of Industrial Engineering
and Management Studies. 4 (12)2016

Gharehveran, S. S., Shirini, K., & Abdolahi, A. (2025).
Optimizing Energy Storage Solutions for Grid Re-
silience: A Comprehensive Overview. From: https://
www.intechopen.com/chapters/1192415

Golab, A., Gooya, E. S., Al Falou, A., & Cabon, M. (2022,
May). Investigating the performance of an artificial
neural network for solving the resource constrained
project scheduling problem (RCPSP). In Pattern Rec-
ognition and Tracking XXXIII (Vol. 12101, pp. 78-83).
SPIE.

Haddad, O. B., Tabari, M. M. R., Fallah-Mehdipour, E.,
& Marino, M. A. (2013). Groundwater model calibra-
tion by meta-heuristic algorithms. Water Resources
Management, 27, 2515-2529.

Jafari, M., & Rezaei-Nik, A. (2017). Modeling and solv-
ing multi-objective MRCPSP using NSGA and MOSO
meta-heuristic algorithms with a case study. /0¢h
International Conference of the Iranian Operations
Research Society, Babolsar.

Jalalat Ata’Allah, F., Asadi Gangaraj, A., & Emami, S.
(2020). Development of scheduling models in agricul-
tural harvesting operations. /3th International Con-
ference of the Iranian Operations Research Society,
Shahrood.

Khalid, Q. S., Azim, S., Abas, M., Babar, A. R., & Ahmad,

0355 JS OLts Dk (o ol 3l 4 pin g 5 50 ) S|
Sl S b ol s ¢ sy onl 5o Solgidy 5858
3058 Gl Ilab 4 3 putoms mlin ot 53 (58N 5
Slkas @ o il ozl o7 gl S a0 bl grnlin s Shos
b (8 gl mlie N1 515 3L Sl sl 5 o Bl
wils 6 e 2 Sllw Lud Eel b i) ol pmomen
e Ll 5 b Gllae 5 jang Lac b suole) 5 3l
22 355 sn Mgy codaT sty il a5 3 50 a5
e 6 PERT dile (g1as (gla S 5oy T Sliions
S e 3 b ol bl b gl 1 Ol 5585
25 0l 851 pn Jolod Koo itk Jlowus b ot ¢ S
a6 )8 5 el (5 S an 5 4 L5 p S
2SI (S sl S T e nl pesdle 25t
Slodgs 53 etile 6,834 ashr—"uﬁ‘ 5 bz SIS
b 25 SLSI oo Ll 5 oo 6 505LaST slae s 1 s u0ls
ol 6 S5 5 o oty impan LIS 0 53
(bl e u0b ) dsle (65,58 Calides (gLa ide )5
sodkd bl 55 o) sbelg w5 5 YT dle &y ke
.J}j‘ﬂﬁ‘)‘@tﬁ%ﬁu\ﬂé‘ﬁ&j%&b)&ﬁ‘)t-LL:LLW‘}:
&8l L;uv;i,jisut o3liul 457 315 OLiS iags ol
23 33dme e aaisi 5 Ol (Silmaing 5o IS A
5 538 Gla S anw g 55,05 655t G5l s 55
e e 4 g ols Al (650 0 Llg o ST,

Aalasily (65,5L8ST e

&b
Afzal, A., Buradi, A., Jilte, R., Shaik, S., Kaladgi, A. R.,
Arici, M, ... & Nizetié, S. (2023). Optimizing the ther-
mal performance of solar energy devices using me-
ta-heuristic algorithms: A critical review. Renewable
and Sustainable Energy Reviews, 173, 112903.
Akbarpour, A., Zeynali, M. J., & Nazeri Tahroudi, M.
(2020). Locating optimal position of pumping Wells in



Yo

Journal of Agricultural Information sciences and Technology
Volume 8, Issue 1, Serial Number 15, Spring and Summer 2025

jaist.areeo.ac.ir

Comparison of Multi-Objective Particle Swarm Optimization Algorithms and Ge-
netic Undominated Classification 2 in Reducing Agricultural Operation Time with
Resource Constraints

Mehran Salehi!, Adel Taheri Hajivand?, Kimia Shirini?
7. ADepartment of Biosystems Engineering, Faculty of Agriculture, University of Tabriz, Tabriz, lran.

2. Department of Biosystems Engineering, Faculty of Agriculture, University of Tabriz, Tabriz, lran (Corresponding author).
Email. z za/eri@iabrizu.ac.ir:

3. Department of Biosystems Engineering, Faculty of Agriculture, University of Tabriz, Tabriz, lran.

Abstract

Due to resource constraints in the agricultural sector and to increase productivity and reduce resource waste,

optimal management of agricultural activity scheduling is of great importance. In this study, to reduce the
time of agricultural processes, metaheuristic algorithms of multi-objective particle swarm optimization and
genetic nondominated classification 2 have been used to optimize resource allocation. The research method
is descriptive and mathematical tools and modeling have been used for data analysis. One-way analysis of
variance (ANOVA) test in Matlab software has been used to evaluate the performance of the proposed model.

Quantitative results showed that the multi-objective particle swarm optimization algorithm based on the aver-
age deviation index from the ideal with a mean value of 750 has a better performance compared to the value of
1000 of the genetic nondominated classification algorithm 2. In other words, the obtained solutions are closer
to the Pareto frontier and more optimal. On the other hand, the Genetic Undominated Classification Algorithm
2 performed better in the measure of the Undominated Solution Expansion Index with an average of 0.25
compared to 0.18 of the Multi-Objective Particle Swarm Optimization, which indicates greater diversity and
dispersion of solutions. The presented model has been able to allocate resources to key agricultural activities
including tillage, tillage, planting, and harvesting with high efficiency and provide appropriate scheduling for
the implementation of these operations. Based on the model, the scheduling of activities for wheat, rapeseed,

and barley crops has been determined in such a way that each stage consists of the best time, semi-optimal time,

and emergency time intervals, so that tillage is performed between days 1 and 20, tillage between days 30 and
90, planting between days 5 and 30, and harvesting between days 80 and 120. This highly accurate scheduling
program increases the probability of timely operations and enables optimal resource management.

Keywords: Moghan Plain, agricultural processes, multi-objective particle swarm optimization algorithm, Genetic
Undominated Classification Algorithm 2, resource constraints.



