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Climate Change and Forests: From Global Warming to a
Threat Against Forest Ecosystems

Attarod, P.}, Zobeiri, M., Farkhondeh Makhdom, M., Feghhi, J.,
Mobarghaee, N. and Jourgholami, M.

Climate change, as one of the most critical environmental challenges of the current
century, extensively impacts forest ecosystems, while forest destruction has, in turn,
exacerbated this phenomenon. This study investigates the two-way relationship between
climate change and forests, demonstrating that the increase in greenhouse gases from
human activities, along with natural factors, has led to global warming, altered
precipitation patterns, increased droughts, and forest fires. Forests, acting as the most
important carbon sinks, play a key role in moderating the climate, but deforestation is a
significant contributor to carbon dioxide emissions. In Iran, climate change has caused
increased temperatures, reduced rainfall, intensified droughts, and a serious threat to the
country’s forests. This research emphasizes the need to implement solutions for the
protection and restoration of forests, sustainable water resource management, reduction of
greenhouse gas emissions, and ecological planning to prevent the escalation of the crisis.
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Using of Allelopathic Properties of Agronomic Plants for
Weed Control

Salehi, F.! and Jalali, A.H.2

Plants affect the growth of other plants through the use of certain chemical
compounds (allelochemicals), a process known as allelopathy. Presence of
allelopathic compounds have also been reported in various plant species. The most
important allelochemical groups in major crops include phenolics, benzoxazoles,
sorgoleon, glucosinolates, terpenes, alkaloids, and mumilactones. The allelopathic
potential of crops can be used for weed control in the field. This may become possible
by characterizing the allelopathic activities of crops and their application methods for
weed control. These methods include the development of slow-growing crop cultivars
with allelopathic potential, intercropping a crop with allelopathic potential with a crop
without this feature, growing another crop with allelopathic activity in the field, using
crop residues with allelopathic properties as mulch, and using an allelopathic crop as a
cover crop. Given the increasing environmental risks caused by chemical pesticides,
the commercialization of allelopathic compounds for weed control is an attractive
branch of research.
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Sampling in Environmental Sciences; Principles and Methods
with Emphasis on Vegetation and Ecological Factors

Zare Chahouki, M.A.L 2

Sampling in the environmental sciences is recognized as a fundamental basis for
collecting reliable data and for analyzing ecological phenomena. This review, with an
emphasis on vegetation and associated ecological factors, examines the principles, methods,
and challenges of sampling in natural environments. Primary sampling approaches include
non-probability (non-random), probability (random), stratified, cluster, spatial, and
integrated (hybrid) designs, each is selected according to the conditions and complexity of
natural ecosystems, the practical challenges of field data collection, the study’s
spatiotemporal scale and objectives, and the types of variables under investigation. For the
assessment of ecological drivers in plant communities, correct selection of sampling units
and instruments, appropriate sampling protocols, and the incorporation of modern
technologies such as geographic information systems (GIS) and remote sensing play a
central role in reducing measurement error and uncertainty and in increasing data accuracy
and precision. Moreover, explicit consideration of spatial heterogeneity and species
distributions, temporal replication of sampling, and the determination of optimal sample size
and sampling intensity ensure data quality and the generalizability of findings. This review
presents an integrated framework for selecting sampling methods that leverages remote
sensing and GIS data in vegetation studies of heterogeneous ecosystems, thereby enabling
error and uncertainty reduction and cost optimization. The findings indicated that combining
traditional field methods with advanced technologies (e.g., GIS and remote sensing), together
with adherence to statistical principles and objective-driven study design, not only improves
data accuracy but also strengthens the capacity to provide practical management
recommendations for the conservation and sustainable management of rangeland ecosystems.

Key words: Environmental monitoring, Natural ecosystems, Novel technologies, Sampling
accuracy, Uncertainty.

1. Corresponding author’s Email: mazare@ut.ac.ir
2. Professor of University of Tehran, Tehran.

¥¥



AF-d)PY L FO L;L(M:L&..o\ o)Lo.LL ) ol b.-.».».loéxt.aj 6)‘)5L’.‘5 |J>5J.C N L§°ﬁ-‘°‘) LSLQQ‘*“B)”‘\'L’“

'Ol L 6ysTolb 9 )05 5t Slag i
¥ oM swglS dome g Tol3T @M (pelane

oS>

Ol e85 ozmen ladilSS b )by, 5 5 Cenl e Bl o a5 L SUlg slirea 55T
0y o e slodlanly jpax 5 ol ik g el WS Ceed spals slaog b 5 518 g sleesls anse
o D9 rd Eyoge e 3 Sl g a9, o le iz bokis 4 (Ll yo Gy adg b Sl A8 (5]
Gloglring sanceglsl 5 olulids ol Ghagh Bas wiS e plizes | LG Gyslol » S5 slagl i
e sslozzl (goladl ol iy axws Hlaz dLiwl) cpl o 0l pll VF-F L o oS cl ! IS Syl 135
as wsls plas bl b gwyp Glelid IS g 8 s 5l 5 V0 a8 lie b ol pigen > VY CJB o (U584 8
Slpaiion by cpl gl ‘5)5—@»[5 el o 1y il i (FYO/A) (23 9 (LFANY) JI5L g soladl glogyl iy
By Gloanie b culite dpedl Cwod (rnd g (651085 e pllas 0 (6555l Cojeme b las S sl 050 o0
5 2 Olrtm e Ol OISl (e Sl e Sl L olyen (olaBl Jule o 5ol plgis 4 o
Sgete esobatdl ol Glojen Wlgioo b idu cal 2 5505 1) 098 JWs (b laal)ls 5 Sl s5lugs
WS e 1y Sl3l laglog 5 (dremme slaglz a0 Ol @slol SRl 5 690 42
Aiedan (g S aiged o5yl 25 (3l (ol e abidis Al B (erenal C3 ) cdalidins 1 gualS (slaesly

dodio
aiile doailss 5 b s eyl 4l )0 o5 5 6)5le (Joo (slp laailels SUl5 4 «(55,5La8 50 Tis gl
aw sl 5,510t (Berbet, 2024) ols o,lil Jaaw; sl il g 5L slaleg « coddl slo S5 5o
bl as gl oo cpl jo .(Meuwissen et al., 2019) el (s 3 o5 5 (6 s plSouinl (guldS e )b
aleles S a5 ol (6,L28 ok ,Silis S bl ol 0,Lil joSate 1iS ey b gluyb Lo (sl aileles 5

s gl albel (g0 1,550 cud b 6l sy (Walker et al., 2004) oS Joos canSlls 3l ian Wlg oo

VECEN Y i pdy ol VECEYN - il e gl -
m.amin.gholamazad@Uut.ac.ir : Jstus o g Sy x50 Cany -¥
kS ozils JLezils ¢ )l oKl (6,550 (gemiily i 5 4y Y

4, Resilience



S Lis gley Job 53 1) 395 5Ele 5 adgi b aasge ojlo] ailalu ) 4 canl oiie Lulyd 4 095 slagealy
slayled s a4 ailbels T as loj oz ailob G sll LUl 5l o le 55 6 pd Joou (Folke etal., 2010)
(Paasetal., 2021) s5i oo il o claiz! b golaidl ( o5liipg
S 5 b e oLl (Rahmani et al., 2023) s g0l coonl Ko )8 5 goladl [l 51 o5l o gl> cuis
Sk 51 .(Khormali et al., 2007) oS o o018 sl ws) gl (comwlbio Lol i o005k 9 LS slayliw] jdol>
Sl s Je oladl o ol plo Juily g (I3 Bran ol 5l g 00,5 SIS e Sy 4 6,0l (soladl
aSL 398 o0 Cgmxe Slpl roslgls o Lol Saie SO L & gl cnl 938 .(Shokrzadeh et al., 2022)
91t (Rahmani etal., 2023) 5 s cloixl pyusy g IoT )0 cagn (s g 0,10 aiy, Joee S8 10 (55 sboay
ol 5 5,5k wiejls o5 cwl sloixl g goladl ( Jase sl fole 5l glodmy iiSen p azes oSG
Slas LTl sl 78V Lo lpl 5o sl slagl (solamsl Sl uilee a5 wlosls (ylas b oy il oo dwgns
(Ghaderi et al., 2019) s s 5925 mslio 3| aige oolaiul 5 (590,40 Sgupe (Sl (G pSoir (slad join 4S5 W20 o
55298 (e e 95205 L g 31 (6l ol o e Cadgime oSl 555 i Slo iz %00 3l imizeon
el (5550 BRI sln (g Glasysld 5 leesles (55) 6T wlep 50 1) ol (QUlg5 950 (ol &5 aitin
(Veisi et al., 2017) ol ol (65,0laS la ig, a0 HlA5 ol ) jw p guz aile uizmon ((Jo il (pl 020 o
5wyl Slags,old 4 sgaze (o e 9 IS S5 9 L 355 wiile Waodles 4 by e slaanze (il
Sise oLelr ln (Jle sbaSiie oS g 0dsi 5590 00 539 b cge ST (Sl slrosid 4y (Kl
slaglog ol s L oKl 5o g9 5l (Fami et al., 2009; Motamed et al., 2010; Ghaderi et al., 2019)
IRV IV JRH IR OY R I S 1 B P ONP-S SRVICS DN SN COVIVEIP- V- SUUEL IPUSP SN SPVR CCON- S PO
|y solazdl (s pdyamml 5 ools G2alS 1) Soeasly 6,18 wls oo 055l Cansd (50l cpl wws o 513 3G 5
Ol3pglaS 098 o0 9o Lo 9 5L laglugs ccnl 2 098 (VWD ol Sen 5 (l5d e (L)) wmdoo Sul34
7 3 S F5le ©,03  GLISele izan il 231 398 5 W55 (sl siiebae (5 yaeliy il
5 b gaiedgw | g5 ol 45 59 o cge a3 sloiS e b SL bLs | g baasslos] Gies 5o ,95 5 (o))l
5 slr 315 5 Aol la il 5, Lo (VF Y (adle 5 sindioz (350) 355 S caslin and il
959 e &5 Sl (lpl LSl ol jw 2 K00 (2lla g 0l 0l (gl Saadad B9 cr g by a5l 35
S5 Sl Jass 5 oo diile 6,500 sla Jele (Hicks, 2009; Fami et al., 2009) 55 o )5l ol 4 oy
sl ol ol alar 31 Sy 2SI 0o slaslsd0 5 a3 Sl Bigal 5 glio b (o s 3955 ss3led Sloulo
Asadihkoob & Ebrahimi, 2014; ) el s Al e b1l 5o Slpl oLl 2o, Glgs 2alS coge a5
sz sla 2l ams so 8 3 5 el o 1) GG 6,sll a5 e ele ,Sus 5| .(Ghaderi et al., 2019
Glodilons 5 (xS slajls 4 S Sogdl asle olas,lsss b lpl o Gl catS .l (55,5LS sloogeds
Oyl (Ziarati et al., 2013) o130 G 50 6la cuinS g o)5,sliS Ceodles Wil o 45T Sl 5,409, Lopeas
aS b o )l by cuiS g ady mhaw g pKeds WU (ol oy ohy 4 cosddl lafole (ol

(Khormali et al., 2007) uuS" sgamme ) f5,5liS” (550,00 Silg o 3 S 6o Sy 9 s wiile ey sl S5is

\fs



Ol G sl s)ysll a8 51 sl iy

6 gl Gl 5 o)l mhw p it slaole a5 wims oo olis ollaS 6 5Tl o)y Lo iags
Ly eo)ls 65,9LaS (,9Tol ol o PRSI L SOV R SV A Sy VR ] K V- O P B A W A g
AISGA SaS Lgl? A BT ‘5\5)5 6)9Tub 9 09.(:6‘5.4 )lf)Lw Ja.:‘).m ).».».u L; g9 009 LJ}J u,u.i‘é L)"‘
Slp 1y 2oib el 5 S oled wile o sl il o8l slo s (izmen (LN et al., 2022)
S g gl aile oaldl (gl ots b )5l atalign sba g, (625,54 Lol el 00 S sloml sl 5l
ezl ale s opl 0 o933l (Biyagama, 2024) sas iol38l la S ol plp 50 1, (6,510l wlgs co ¢ cibe
(Trimerani & Ardiani, 2023) wS' o SaS 20> Sygo 43 bg,lads Jo g molio yige STiil 4y o438 cloizl
heme 5 solatsl sl ile L 33l oo Uy 1y lagl 5 03,5 a8 oM (6,510 40 ,%0Ss LS o Lol ol
gl 9,409, 55 ek
O gl ] )L).f).:‘ 6))5LMS Q‘)b)-’ojéf ngjjul.s > A;JJ'B 9 LSJ sdél.«:.d‘ cLsCLob‘ alisee &LQQ‘J-M
il WS loia) sl yasi b )55k 5 as)lsy s Al S 2Ulg 2 yslol sleizl slag i
byl S jsbay oS conl ol slacoles g arels> claizl slacasd b o cloixl gloaSiil 00 15 5 o oyl iy
(ol (5970 dnalz o8y (6l (65l elazzl glagpiay Sgee 00 S50 M 4l sl 1) Ay
olazdl sl b 5 gl b ()l o axslr S (Ul 2 5910l golasdl (sl iy (Carpenter, 2013)
wile ole Jole Jolis oyl iy ool .l JJAS 51 goladl 5 clozal old) sl (gl ailin 3| aige oolatul ol
5 ol olal slacuilos 5 (9o slacoles 5 00lgls aal sie 0 55665 oyl Lljls g of5,9les ol
Cugis (Sutomo, 2024; Fauzi et al., 2025) ol sgupe Jlo slojoigel @) 5 Lawgie § SxgS (sloolX g
A5 0 S5UsS «s5sliS slaady oIS Sl olie cotel slml cage spslol golazdl glagl iy
7o Sz a5 (linng; laadlane )3 oy 4 lwly dnwg 19 9 Lk slagleg 5l (26 kS pall g b Jpaxe
sl (Ding et al., 2020; Luo et al., 2025; Yao et al., 2024) 548 o canl o0ls gl 055 0 1) (g i
5 ool oyt wiile aome Gl il b (29 by, 0 50sleS s ol pe s lls 4 syslols (o
Capie g JLSas ply 0 Caglie slas,glid 5l eslitul weiS Ss5sS anile slaole ,5b 5 bagyl i ol
.(Ranjan & Athalye, 2009) 555 o deluals Lyl 1 ol y 30 )15l (5,510l iol38l Cgo a5 5 )ls 13 LT wolie
(Kalogiannidis et al., 2023) ceul coslio sla g0l 3 culor sloculow wejls § WS o KaS 55 ol
sly oy Glagsy, 5 Leyld § @rSene ¢y ©iusleS pion llopeste @Uls Gpslol (8 clagplrie
223 o0 gt ) xS 5 (onldl Gl pss ol jo Cuglie g adgi Gl (e Slo Al b 2g)ks,
Slacmls ey coSIle o158 Corlue Jolis (6,010l (Sopnd slogyl i 500 (som 3l (KUMar et al., 2024)

v



OIS0t 5912 2 69b5 2B 3 395 Sl Ad &) gms i 5 camslin (slmoolr & gus s (e (SR
.(Jayadas & Ambujam, 2021) &)l (5;,9LaS yisu

gy g g 5yl ol slajsme 5| (S plsie @ ale laaiig o p3 sloars 0 (55,5l g5l
Sl (55518 ol al po WIS 000 ] oy sl 055U slao Sag, 5l (25 5 (3 () Kkrey 5 005 ke
sobazdl gysll zals VYA B 1YY 050 4o (goladl glaasli 5 gloj sleesls 5 ooliwl L (VF++) o) ISen o
Slogie g |y Slad J5uS 50 s 5 Sl 505 sl Sl o5z pladele 5 0390 ST, 555leS
A b o peie V5l S oS 5 el SO 6 S B L (VT Y) 2680 g Sl pazman asiiusls 135
691l o ol aladis (550815 by » 4SS b g (e § (Bl p (solamdl (sudg (F b Cuner (ol
9 LS &S GlaigFa wile Kol 1) bl ol folae oglis linl uls sz |y olpl slagbnl 65,5le8
4 oy sloagSl 3l eolil ¢ Fasaz (slahaghy )0 .85 )8 o (a8 5 08 5 (5591l e o o (5110 550 2
olas 'SEM &l ladslee 3lwssl 5l 6,50, L (VFY) ) Ke 5 (gaigled ol @il yiulidl ool (g4lSTy
A Ly 5o e iy 6l )Jgils (6510l 5o GlonisS e (R il 5 (i (Se5ed sloasloyw o5 ol
alulo 98Ty ail 3 (6,5 54 g (255 dunlin slodolicn 5l oolainl L (VF-Y) o [Sen g dolize (puizman .a5)ls Gﬂ
iz oS szl g ais S eyl 5 olulid 1) LS LSS (55510l » 5 slagl iy (seS (il
SrSoel g (A 0 Sugy b ez o Linetal @022) ool ady Say (550l gy sl F5SUsT slosliin s,
@ gy ate S aiile ;0laS alyy; (slaaad g (seg Sl &5 sl (L (B slaalas 5 (IS L salis
el coolamdl aim oz 1o e 00 5 ol VA 51 USiiie 15)5LaS (69Tl asls dnusgs Ly uin s Ambujam
il Condse o oolall a5 ol Jiml 05 AT Gl 0 sl e oS Wil (lad (S5 g 8
915 5l ool b (g 33500l 4o Tanuputri & Bai, (2023) (S0 ooy )0 gl oo wgummo baile o yiage 5l aclusls
NS0 s pdgmmsl 53085 D95 52 5035 gmy |y (Sl el 0025 Sla e S g canS 3 (5i8Ty 5 (5990
Sitlat 4 2 sz 2 355 J 0 0558 ST gl 0oy K olol 4o e oS 5 sl 0y 0
;o Kuo & Boseley (2024) «p! 5 cys38! gy o0 o 0 0,5 ol55laS ks cud b iol38l o sollS sla lole
el 4025 5 ol |y LS 5 Ty sl 5,58 ] slossgs o oS oS (5055 0505, b 5
WS By o9l 0y p ege ) Cawjlae faiigs slaciS il eolaiwl ¢ o Jpame (53lw95LsS g 00 )

wlazsls y (65)0liS 69l gose 4 (LSS Slatrgly az S 45 wms oo (LiS ALBIS (slam 2 5950

aalanly K5y j9a> g boolys anie olidl ( A3l sgame JIiL 4 (Sly  goendd W5 Cad slalug

1. Structural equation modeling

A



Ol G sl s)ysll a8 51 sl iy

0333 5565518 golazdl sl camsl il 5o (6555LaS sloog 5 plos 5l Gt O)S0lr &5 sl 03,8 Sl (al s
6 el ooelll slo oS ) Jpamme cnl SYb 528250 5 )01z sladibaie (ol caddl sla S5 00l
35 45 D9 o rge (dome Cuge g Sin b p0 slr Al po K0 (sgm el o5l sgzg |y (sl 90
IS5 s sling, laansls clatsl Stwen p g il atsls slasdl j 5l olaasly (idu ool Cunds
slogltn ganadyl 5 ololis (LG (55510l v slo)Saly G iage 51 (S ol iz p0 0l
5 elolid & 'FAHP 6518 5150 aludes (59l5Ty ail 3 3l bl b yols> Liagh sl ool 5o T 5 08,50
skl o a8 el inl jo (g, ol (ol gaimsges sl a3y Sl 510l 5 LIS slagl iy ana s
&lr dilee wl 3 1) b jlas Gl o0y, pled 5 5880 Ganad,; Hl el ol jon liabl 5.5 L wledlbl a5
795 dmilio aaslitn y (5513 05,5 (12| G 5 ey SlBERYS 00 S 350 b Il dlaools (55155
Ol I8 Jolts g ol plowil wiodon (g pSdiged (g, 4 G o3 235 08,5 )18 plaase il (o255 L2 0
e Ol Sy 5 S oK1 (55,558 psle saSads pale Sloa (slisl LS (il (53,5058 e ol
s 63 (o5l e aleder (55USTg il 3 ) 5 (S0t e line 25 5 b jlne Ly )3 092 )9035 sl Slindow
Sonte lwaine) Wlg o solpiin lociulw lz! slisl,y o cawys 5 a6l g ol iy ol ololis o

3l gl 5 Cario gl (6l s 5 el (55Tl

Wigy 9 9lge

5 @llis o Bas 50,5 o )13 (6519 imogi - (05 (slagiogl oy o Cosle W | ol ragh
2 5795 Granlio aslitis y daosls 59l 5 ol il ool Gl (Sl 6psTl 1 F5e lag ey soncasl
dmosls (555135 (slp it 2wl 3 S 5 65l Sle wl » ol (s, 45 05 31 slasse b& el 4l
slacin slasl (9aS by Olidod dnto ol Raagy Jold) oS p (5 235 Lozan s 9 6 90> slaaslas
a5 5 i3 Langs Lol iplon] (LS il (65,518 slgz loibos Glolid IS 5 Lasjo sloolSitls ale
4575 538 (e alads (gl8Tg al b sl oLl b (25 (sloannlio slive yr o0isispglaaz Sledbl bl 15 5 90 5
TG LLY

5 Shole 55Ty wile b ) 5l (285 ote (SIS e Sy, 3l Olg e Lap) i 53BT5 5 (plulid sl
sar (3l ST ISl 5 g 0 5 ot (e oy sladele ol 5 il (ol s SasST o9 oo
abds (551515 aul3 AHP 92000 "MCDM o )Lnasiz (558 aonss (slosby, 3l e hlie 1o isloigo ool 1y (2lizn
5L Jo s da g, 5l atws opl g e ool Lol pin (sotcoglgl g (anas, Ban b i "TBWM 4 55 5l
Sy abie gla gl 0 Lo by) o ol G eoleiel BB g pitne gl @)l g (09 2K BB 9 Blad (jieS glaosls &
(Emrouznejad & Ho, 2018) silad 5, 3 a>o

0 U o bay ol sl ol iolS gl cConsgame 3529 b a5 05 &) 1, wl, AHP sy, Saaty (1977)
Qs Sy ol BIS s oS gla ke 4 2S5 laST ol has j0 g 005 (S13 sla il )b g5le o

3Ty anlp (550 s dag)lado cnl do sl wadior wgmie Gl slacusgame Koo il (Sl slags gl 4

1. Fuzzy analytic hierarchy process 2. Multiple criteria decision making 3. Best-worst method

¥



6B slracgome 4y hai g AHP  _ilye aliles Lole Juld gzl g0 oS 5 5l asas glal 6506 o510 alids

(Bozdag et al., 2003) <ol ooy 5L
(638 s 155 (VL ) oadad (sla e sl dnd o el S g @il cu e 3 s, 99 ol kol ol
JUESTRPS DX | R IRTCHUN I SRV S BPC VRSN PR IENC SYETOK SUURDS JPVNE SN IICHN B PR B IPCOVPORRI 2
Sl gy .aidS (glwdad g |y ox8ly ppae slaonsay -V g aled s iy Olassl ) SLS 5 el -Y (5,8
coigy ol g ile oo mold 1, (65 Glasas 4 el IS a5 slaggls o Sl g5l ol alude sslSTy
laylado w335 oo ol (e 531 lajlaiie O )50 4 lags 5 098 o0 plxl 551 slasas b (295 slaaslic
53 Sanhad 095 b el (g, (nl S (Saiesgu Migdi oo i pai (Vi V) Dy dy e Sl (ol b
3 638 slaosls (L3ls (sl n 691 69,5, lsar Slarwss 6oy by, N ARF L o adliee b 2L
30 (\YAF ( sebe «Chang, 1996; Zou et al., 2013) aisu co dgua | o gslSTy i a5 0l 3ym0 (655 puonad
Jo Qb Vb 13S0 58 o U AL VO slaubiie S il oo SKtmgl o 2g) sldulio an]
Db a8 SSE el b el S e G 5 slacs sl ool S5k o T YL eds 5 el
ol ales ol 8yt SELL L1, 355 sl ol b weo s ojll olS i 4y 5 00,5 wali3 1, Slij slas i
05 ool S )3 (Slaslone 9 L)l dnlie (sl (wlide 0 i celin Dlgie 4 (pla b Ol gy 5o

(Saaty, 2008) ol ploxl (g i CBo b bva 55 le pled g jadeid ollgh Ul oas

G35l dades 5ol wnl 3 50 (6318 sleoue ulde g OIS Jobeo (o518 slroae -V Jgo

&6 vae wlide &N wbde &8 vas
(Vo) Sobuo \
(VYY) ot (Sl Y
(vovef) FreS ¥
(v f0) oddoslozs 3 ¥
(fo8) PO o
(CER)] e S & £
(FvA) e b \
(VAAQ) S Jel b4 A
(A8 -) (o) Cuoal culy A

Abdel et al. (2001) :3l az3 5 s

Ol Gy ol 4l (5 aanslio b 093 lags s (505 meodl 1531 (10 alds (55T wal 2 50
sl Sloe (Emrouznejad & Ho, 2018) wigis o bas M = (I m, u) cuw g b sl 538 slasoe s loc )l cpl.aiS oo
:)’| J.u)l...c 6}15 61-‘2’4-1-‘“["" GLA

M1 +M2 == (l1+l2,M1+M2,u1+u2) ) ‘Lb—”‘)
Mt ===, Y oddal
ul’ ’l]_

MQGA UL“” ‘)YL»‘Ugd;JA)‘QAA ‘mu.ul.:»sl UT)QAS



Ol G sl s)ysll a8 51 sl iy

09....)&59 |).>‘ Mb)LoLw Y ) Lg)‘lé ‘;.;‘,o aluLos L_gjlﬂj .).gl)ﬁ ‘) LgL.m‘nlf 5

OVF Y g0l 0580 plonil (B 55 Ly mhaw o Gl paie (e (o79)
duolio lo s yilo 9 oo d,mu) e 5508 slose & 8 5 ola b flf o) 5o =58 lrdwle p9d (slf
D30 50 dslne (F) alaly b (i) sl o (oS5 sloylade 5 0ol LSS (g5l 255
-1
Sk = Xj=1 My X [Z?=1Z?=1 Mij] ¥ ek,

(Emrouznejad & Ho, 2018) s5i oo ploxl s i 4y 55 ol o pl8 ] j0 = B3¢9 5 duslie pgus plS

538 slsas sl (V) (oms (5)52 4250 dnslono -
1 if m >m, O alal,

V=(M,3>M,)= u -1,
(u,=1,)+(m, -m,)

otherwise

(Peng et al., 2026) o o>l ol (39 omets -V
W'(x)=min{V(S, 2S,)}, k=1..nk=i 7 al,

OYAZ ((Goge) Jlop Oyg0a agyjg g5leJle s =Y
W'=[W'(C,),W(C,),...W'(C)I' Y aky,

R é‘Lﬁ)‘ 6‘)_‘ st? L)"‘ ) —d)ls L;‘:'.‘)" alulw 65[5‘3 ..\....sJ)s )é ULM_'.A.IG‘ le.bcla.u Ml?ur 9 M ‘P)LR flf

o polaie (nl glp 0D atine (29 ladmalie ;0 595 Slas gl A S O 1S 5l o e Gliebl oo s
) 05 (1) Tl lialsl 5 (+10) Thamgte liabol (1) WL il Jol 4w i3 S k5 5 el el
aglio oy ilo alie gl 1L 5] a5 wind _ailejlos ol s ile S I 45 b e (ol s (VE 4V
coliie 000 8 ol 2 2l (59 (EMrouznejad & Ho (2018) (golprion o, 5 oolaiwl b alol jo .l 295
20 839 00,5 (9ld (5 pliebl v b &S S la)lil iS5 b e gl bl s L

28l Gl oS ) Jol gl jlisl aliws ooy g 09505 8L )0 (ke 039 (2l Glralne
Oogloemsay gl al> ol )0 =298 (551 (il Aludes g9l ailb 1o (b Slag)je dmiloe ey plS
hoee slagsg oshiie Gaos el plesl SuSH b (B 15 (seled (295 slaamlie 5l Jol> @bt (ol slagjs
@ lylre ) g ojlrs (ol (559 B o5 oS 5 sl pliebl mhaw o jliel jlade (28,5 Jas )0 b 0SS gral ,0

A 50 S50 i g 4z LS (IS 4 O 15 sla ki 0gd e g0 0,505, (nl gh e (o295 D90

QOYAF (Gege) &S o (gt Jliel 5 280 o s ylo ol g oo ais S

loal> o Lol g 005 iyl (nl 15 69580 rp 4l 2 AT P —gyalols Glapl ity Gaas, i oS

1. High confidence 2. Average confidence 3. Low confidence

AR



oINS (S g ol5T e
OLSlz (53510l slapl iy (sacuslyl 5 (alulid) Bas gl (s Jsl s Jalis o5 ol 250 Ll <)
Slopl iy (AL-AT) Joro 5 cidn L 13k 5 soladl slapl i ol jleme gz Jalis a5 p50 o (LS
e b (g slag)riny dC1-CB) Jlne s cutin bf (35 (slagyl iy {BL-BY) Jlne pj s bf elozz
el pga s 30 lxe 5 YV ggame 10 9 {(D1-D5) jlixa
AP ol b oS 05y Glae 50 Wosls (g jslae (33, 5 0092 (63lT9) (hrogi-so )5 g5 5l gty ool =Y
AHP/FAHP o jlasliw] gladolican 5l oolaiwl b g VF T lins) 10 0,05 VO 5 e jlai 0 a5 255 dunlie

.(Saaty, 2008, Saaty & Peniwati, 2008) <ol o0 (5,912
b 0 Juw gilweoly g oond slogyie anloee (gl y o5l 25150 abidos solSTg winlyd (o, 5l aS Wnesls osls, -F

2% oolaiw! MATLAB

Han et al., 2023, ) i sloipgh gomaez 5l Liwly (ol 0 a5 g o cw,p b ol oo lael -F
A OF Y () g deiine V) (2555 5 Sluxl) (Yusriadi et al., 2024, Kurlavicius et al., 2024
2 s pSore i onl OB

w20 so (LS gl Sygo |y 58 olye Abades 5Ty wnl b agy wnlp ) S

& oy o ool i g )

| \

| ikte (o sliel 4 WelSasn has ) } | il ol gly s (i 4z dlne N l
| i gy ol ol g e ¥ |
| } | o Supe & gy i Jlop ¥ I

frroud LS5 i N
i i ¥

\
|
I
\ .
| dhaw o poke o (2) sladaslie T

allls (e gl sl s,
S

I
| i L . |
| el cage i ik dlay ool | \ 28 bl (slagdaw eesd ) |
el S35 Ls Y ‘ [ b sl o S oS 5y (e (g lone| } clolel slagdans gl B85 Y |
\ |
: |

}_ L G S paenal iy delmo ¥
e e - T e
| ik sy b g | e kel
| el sl gl

L e o |
| Aoy~ gy 5 ) - -
oot Jlod Lol (slafine 1pg3 o ¥ | \ [ )
| e Job Lol slalns zpg §oslizad b dmesls (g lsf by =¥ > 3 FAHP 3l oslizal b lasls 3l

| o T T T T T T T T - LS I P TVR S O o J
|

| elogl g e sloms! slagiy ofi g cgobat I
|

|

\ _ ; | : AHP/FAHP skl claadkzn, | D g ooty (el b o5 (s e)
\ S sl 2 | e } s
| o o 2 one; Woipgw gl ¥ | L o

S3B (lpe ads (5989wl 3 g, anlyd ) IS

O3S el 0ol Al Y Joaz 0 preal CS 0 D50 4yl lmghy 50 ooliiul 0 )50 (slajlire ) g Lajlns

Ol (nl 3 sl 48T Sjgo sime )l glacsz ) glie 2 L yslol 4 by slajlaey 5 Lo )lae
Oles 535 5 ol elezzl 5 (Jaome glopeuis b of355Li8 )85k (SiSz om0 | ks sloligy )k
oly 950 W ezl s golaidl g2libes sloass Jols (55510 S 2z Sesle p 4l o)y cage B
el (sla 15 & pglie (slaed, 5l eolital it gTUsS aile oadly Sl clao pual, i o ololid ly |,

1. Adaptive dynamics theory
oY



Ol G sl s)ysll a8 51 sl iy

425 Dyg o g ool pshs g obsy » sl ol (nizred Sl oo Jlsen sag Ll (5,5 S 5 S 5 Ol o e
(Metz & Geritz, 2010; He et al., 2024; McKenzie et al., 2024) sl oS Gyl cud b o Jloj sl 4
2 9l (shol Syl a5 8 5T o wal 3 el 5 o0ld sz la | sleaiallys (Sl eSo 4yl ol (ys 9
adale aims b3l b lajlme 2 5 1o jlre 0505) (ol ol 2 sl 35 p0e Tis g 5 T s n bl T ueglie
S5 50 s (B (i il i (anass 5l Cy ik ¢ 90,00 5 Lo ¢ g0ld Culox daislis (6 pdgSllanil g
(Duitetal., 2010; Feindt etal., 2021) o5 48,5, 0 b)) ezl 18 55 )l ,9leS (6,91l sl g s0ls GLQ:J.!.;

P ORI O IPUONSS SLIES G PR

Il OLle (655Tob » S50 ot

A 4

D) S8
(O slx éL sla S5

Aibe g, 4 lacSluy j 4y gy

©) b
¥

(€D b Jyame glgl cols

(€C2) 5,5l 59, 4 slacpile 4y (o i

B) bzl

¥

B Kl (eleizlalop

A) 5L 9 goladl

(A oy Vb o pa o
A2) Sl sal o

SladSd ¢ iSaj 5 5l (slasilals
D2) sjlwo 33 Glodlws 9 sl 5
D) ool & o35 B9 sl oo 07 o8

(C3) oy (slwoslyd 4y g yiwsd o) 295 CBCdS Ay g yid

5 S3gkeS Ol Gl e 3390l

(B3) (o p! asile
O 3y 4 snd (28 sl e €4) 25 looges glyl el 2L M) Bl ol - Codlad o 0l 28l
@) (sl ey Lo Lal, SR 5 asle gl
(GRS
5 bomile atle IS0l Sopb slaolls (C5) (ol Al & (o jiasd B5) dibie (Silr coner slacylled) (S S5TUsS

(©5) oyl wiils (A5) (o Kole solacdl
(€B) 15 59, 2l 5l (5 50 e B6) JSulz & (AB) I}l 4 (guw a0
€C7) JSole o poe slos e B Sy ol slisl Jlass (AT dilate Jj i alps ad

€8 slxr g

Han et al., 2023; Motamed et al., 2024; Kurlavi¢ius et al., 2024; Yusriadi et al., 2024\ ¥+ \ (2555 ¢ gluo| 13l 48,5
™

aS s oo (LS Y Jgd mlls ! 0oel YV B Y sloJgozx j0 iy @ aylas (gl oo dnwlxe sl

E3o90 ol )l LS il G (5,510l jo 1y ol oy i LFANY s 039 b 5L 5 (soladl slagyl pios
tloizl) laam plo G Jlb 4 o ytwd 5 (sends Crod o]y atile golaidl sla fole a5 coul ol il
IAVIEY 039 b (slaizl lagl i (Jlie jo aitwn JISS1 Gl gll 5 )55k lg 2 (S5 9 (&8
ohes sl ol syl baawy plo b avslie 10 (65meS 285 (8 15 w0 5l g Wlools olais| 365 i 1) wew (koS
g Nlgi oo yiSu (pl 0 s g Canl alily eolal glo e 4 Jol 4z o )Gl Sy9lol as A o

Q019) gy s 4l (nl 093 (ngh SLrsysld 5 udSL sloosles 5l ooliiul dagly o (5, alo s (g5 hals

1. Enabling governance theory 2. Robustness 3. Adaptability 4. Transformability

oY



oST e als js s slacules g lajlael (25 5 of3,5laS ael o Caenl a8 s o Slsseen Maltou & Yonas
Limo (2013) (slo )y 1o digod (gl ol Sglitio iy (slaids 5| (S b (idghy opl laasdly  Jl> ol boacisls
3t Wl e osla ol el o0 (3155 6ysll Jale o ytege elezzl am (0YA9) (o Sen 5 by

DBl oy 0 50 slodihaie o Soles (LiSlu g golaidl Lyl b cslae ) slacuglas

el S350 sl lae 0 gy o s sl 59 Y Jga

(22)9) (s 039 Ol rier Sles
TANY b s st sag i A
YO/A- 2 slagy) iy C
i S slag i D
VY/EN sloim! slac) iy B
Inconsistency rate=0.038 O sleaidl e

el 09 Slp J—ols @l g iy Jlre a3k g golaidl slogl i jlxs Gl p puo—al C3 50 0
S G5 F Jgaz 50 layls )

M w)d )‘)b 9 Lg»)l.»a.d‘ LS‘LQL)‘)"“""O&)} aQ Ja}’}a w L;Lbu)g —f Ja&}

(20,9) (s 05 Ol > olei
ARIEA PRV A2

YY/VY Gl el g5 Ceard A3

VO/F) Gp5laS (6,550 5 aile glacylld o Il oS lee A4

AIYA omey Vb Co g anie Al

#IVY (5l golaidl glacdled) Sus; Ss5UsS AS

Yy Jibay ey AB

¥ adlato yl5,9laS @l el AT

Inconsistency rate - 0.037 SRy sealy ixie

Lol aelys il 5 bzl slaglpian b e lolre ) oo j0 45 sims o Lis ¥ Sy slaaiily

OSSOSO N L 3] PPN SEUN SRS AT SR B B IS IRSK N SRICVOUS BRI R FESA SYES SRPURERTN
Sy g5 CodeS 9 )0 (6Tl y Sl aeTys al33l a5 slasS @ o ls (BT (6551l (sloaisS a5
o 0908 (Jolie 0.0 )91 o0 mal B 15 (65,9LiS (g slas;9lid 5l s Tt g CeiuSL slaoslys 5 eolitul dagly
Jyame CoieS Sl Cales 5 g baalauly a4 (Sily Gialdl oy glaanie Copae o (Jbo olg Ghals a5 selys
5805 wile JoSto slacidlad j3 o8 Lawe g TYVIVY (55 b slar (somendd 0353 Cood e 3l g el o0 (2 le6
slml g cdgs culer slaculon Cosal gao90 ol ilad S 13 cam slaas, ;0 TIN5 b (s5,0las
adlaie y;,5LaS il yo el o ¢ blie yo A oo lis IS Syl Cogis o 1) Sl 61‘}&.;3])0 slecuws s
Selz 52 peins woly gl el 50 )50l 50 aes ) G 4z (T g ol |y el 2 e UYL

O¥



Ol G sl s)ysll a8 51 sl iy

Oy 3 il sl gaess Maltou & Yonas (2019) o)y zlis b leadly, ol il cddlate delyo 1 Sile 45
J ol bassl RRyE Mg b gals s (gs slacules g o liel 4w jtws 5 ol555laS welys guuls
5 |y oolasdl ez a5 (VYY) (e o Glislie Ghagh alex 5100 Gl ow,n Jl (2 b s ol @l
oS el e S 5l (B0 Wl e Dol cnl sl Dglite cilazidls Gliwg; (5,510l 0 ele (ol
S8l lacslos 5 golaBl Coundg 4 ouad (Siwsls a5 a3l (LS 5 gl

Gl bgrpe gy (2o b a3)S A 0 peeal 3 50 Lo Cda eleal slaglie o)l
ol oo 1550 Jooz 50 bajlens

WM MD)\) GCLQ..}‘ C;LQU‘}.MGOP LY Joa.vfo GH.MJ 6LQQ)5 -0 Jj..\?

(1) (oo 0039 Ol riaes,> oles
YEVY Mol a2 BO
YY¥/f8 Sl oolgils glacl los  BY
VPR gl o 5 (55,8425 oo Sl B398D) sy ey (Sociass &y gy B3
VYO Mol el alopw Bl
YIAY JSoly as ndy B2
YT (ocp) atils g dame Lol i b blg) o> wd g pdodillanl B4
\AR! daibie Gl Cure>  BS
Inconsistency rate = 0.053 Sy sleaisl ae

Sy Sl (0 San UYPINY (s (339 b S0l 028 seloizl slolons ) (e )0 45 simd oo ()LaS s

GLEL digy Copie jo oS L1l oo Gladlee g Guls a5 cl fl Slas assly pl sl 8 s s
OLlz «@dly o aijls ol Jpame CuaS Gl 5 s )lan 5 LESI L (295ks, dwosles ) 5e ooliul «slz
3 T 5 naslgd iy e 5le sla i 5 55 ol L1530 015,55 & o 2 250
«Sx90 ORI 4 i 5l 6195 aies g g, Jgame CudS el g Ladilens S dags Lo
ers g solamdl 5510l ol ol 5l g dalaml oo s psT8 5 cdloyy slahs, See 5 Sl slaae ials
Sl ply o ol GSel (Sl Gl o slos (RIS 5 a8 09008 o Jlie 55 055 o0 Cashs Oy psliS
Sled ipgd 4 pe ;5 w3 ooyl 3 Wnalanly 4y (Sily Gl g ol alS ¢ Jgame Sk falS (emen (S95UsS
Coles 5 IS oy el o Il Sl glie 25 [SLES 45 oo L3 LYEIFF g0 L Sl eslyils sl
fboizl lo s 5 (VFA) comsy gy Dlodd a4y g yiwd (pizmed Cowl (65,5laS glocodled 5l clozx]
JEl o cloin| laaSis 5 caass slabigel coenl Kby a5 W)ls 3 sam slaas e ;o (VYD) Sl
)15 1) Carndl oS LYIFR 0 b dilaie ool Comaz < blie o ol 53,5l slac,los sl 5 il
5 oloizl loyu b aSonl Ko il aiils (5,510l j0 (6pfadn 1 Wl pad 2l 4 OjyslaS leds 1
5 o5t Ll Caanl 45 el guan Lin et al. 2022) (eloasily b gl ol il ol yas sl lojle (glasKan
ol 3 ey slacwas g Gisgel L (eizmen wlos S AT (65Tl Cags o o0l iy (slaa s

SleMbl dy (s yind g o j0] Aisls yLis aS 5 s Jlgsen Jayadas & Ambujam (2021) sla cw,p b Liegh

AN



wile ooz byl @l o Gl oS i ) codldl gloazass ply 5o 01555LaS (555100 s wlgi o0
L el Sglis wslatasls (5,90l Jole o yrates 1) (seloixl amy 45 (V¥A9) ol IKe 5 b p39 9 Limo (2013)
5 selezl an g saladl (slaale b anmlia ;3 Lol eo)ls (50l Coeal (53,5 425 wiz sy Gl nl o
DS (§ 7S Zaglsl gy
33 ke Gul (omnd (g B 48T S )3 el 353 50 ey Sta (B slagl iy e sl
IYVAY (o (5 L Sl (5 e Sl lan Jamoy (ol o5 5 Lalid S L5 & g b ol ool # Jpuz
e Copde 3 oLl @Uly o cl cal Ko ol cnl 0L 0jg ol elaidl sg5 ) 45, (p ot
50 ixd 5yl balanly 4y (Sly (1205 5 (5550, GRIBI 50 G9elS G825 anie S (s ,aeln
ol o 1B, 55 S ol 5 5 Jpara ke 2alS st (sloassi Sl il e S ke slos g
Casii sl b)lSaly (n Al 5 (S paass glaojslie 5 (bisel slaee ol I b lee cal Sl onl pliy
039 b S5 slmosles g stand 5 LYY (539 b o g 1o (slz Al csm sl po sl GLISly (51l
2 631l 5 slaele S0 5 calin sloosles el 5 (5550 40 SLE | aBS o lis a5 a5,ls 15 71 0/VA
SNl 50 (g8 S ysl (g s 5 5915 S Sl (LVYIOY) Lo g, (23l 51 (6550 e miza it
R OM PR NENT SUESNVNE I NCHOVS IRVCOR g2 /1 PRI L PRV IC P PO SRSCIL FI-AN KO KW
Ol ol i8e nl 5o adg oS UsS sla ity S, )0 Cudgase § (i sleoged (S 5l LU Wlg e
S5k slosy9lid g cpgs (e SR Sg, (65,5 A Cael  aS 5 o Slaen Kumaretal. (2024) rags L laasdly
Jayadas & Ambujam (021) gulis b yol> gl (uioed wlazils aST (63,508 (6l (ol )| o (ool sla i
b alos ol o 4)5,5LS (6,9Tls a3l 50 (gulS sla ol 51 1, dae ledlbol 5 laoslys a4y o s 45 Ca] guanos
> YRR IS 5 o 50) Wlanadls yrage |y soles b elaizrl s o oo 2o b lis ool dslie ccnl 052
IS Fhz p (LA (S e SO le oy 4 (B slaele csla i 0 a5 wamd o s S (VT T () ISen

el S35 (S8 sl pines B 4 by e (ol slayjs - Jga

(1) o 039 O rieed > LS
VYA Kol Fupse sla &)les c

vy slr oy c8

VoIV adsi sl oolgd 4y (guw s c3

\Y/oY L5 5y il 5l 6 S Ccé

vi-v Sl 595 4 YT ble 4y (ot c2

A ooalil slaosls ay gus yiwd cs

YA o Jpams glysl st c1

\AR oy slaoged gloil cslis C4

Inconsistency rate = 0.086 Sy sleasl e

ool ely laculxe slagy e slo,lade o a8 § 1 o el S0 10 (S 58 sl i olp lao s )
Sl plad (S5 ol iy lo)bre ) sl (7o) Gloamslio 5l Jol> mlis wl (3155 Y Jgaz 50 la s )

Sl o ol oo 1y ady oy TFAE o 3 L bl aile 5 bapeile aiile JSile (b s oS

bF



Ol G sl s)ysll a8 51 sl iy

L;L.Qc\.,.a].&s u,...:olf €590 1 LgLa.U\ o °“\""SU’$""" LSM"Q" ‘WL.A s_:|)».e‘.>u 99y % LthwLA 4 st).».w»b FLg L)"‘
sloas e ol cgledly pals coge Oljpas (Sogw 3 b ogaS ( Jlae ;0 0 b Jaamme CobS Sege g oy
b sloseS @il are; 53 63l 5 (9o slaalem o) (nl 558 o0 (i I 59505 4 it (Snly 5 oy
o LYVIY# 359 l) L;)l..wojo.) UL»A.\—MMJL 9 ‘5))‘).5 6&4&...» 5‘5“&) 9 Lg)L».J ‘_.;‘L.QAJLALM: asle 9y & dwaLu)J)
g ol cod b Wilgh oo by slacSlu ) Saue 45 a2 o LIS Eadge (pl el 48,5 |8 Coenl pg0 A e
4 $905 9 (NTIPA) lr EL la Sy omizmon 003 (il (6 pSeir job ) (65)5laS slacudlad 6k
she sla)lil g yind Gl 5 mey (Sosd balpd (i il 4 5yl 18 sam sl jo o (/8- 9) el
@ Jole cpl 1y el il 1) Coonl op 2aS 7EIYO (59 b By ds (g yiwd o blie j0 .ol (5,510l Cugss o
Laaidly (ol 3l 15,9LaS (6551l 2 (5 52aS 3l 5 039 5,005, Cadgaime b yieS (cus) 8590 ddlaie )3 (ool y5b
Coodl 5 aS o)ls Jlgen Ranjan & Athalye (2009)  iasy cioxen ¢ Kalogiannidis et al. (2023) s b
o laisls AJ‘L’ Q‘})sl..i‘,f ‘5)5—‘k7)l5 6[.35)\ B M‘ L;Lasf...u ).3|J.3 ) r:jLﬁ.c 6L®6)5Lzé 9 g;i.’.):‘.j Lgl.mda:}bﬁ)’
257 A 5o (b Slacusles gzl 5 g8 wiejles Ol (S5 soslol iyl 45705 Bl Ol 0 o
oy 4 slal el dee 5 dnng (55,5l liead g bigdle Sloios 5 sileg el (ol
Lmrabé‘ CJ‘i‘ LS)BT)? MLGA sl 6&0&[‘) Lyl s g Lﬁné).ss sl (e g Srly lasis 4 6)L.'.~?T slaalele

09h sl adg ol Coshl g (LIS Sene (90 Ll A et jgbay Wl o

ool S350 (o b Slagl phnes B 4 by e (e slagyje -V 9o

() o 539 S pros > oles
FAIS lacpl aiile 5 laopeile asile ol Sojb slagl)ls DO
YVIYS o 5 65 oS (5585 5 ()l dlatli aiile (pg Sy 4 gwyins D2

S xS
VYIPA sz hslaSny  P1
2 solr oy Ko D3
FYD B 4 o (Sajb sladele DA
Inconsistency rate = 0.026 oo sloasl tae

b SOlgiias 5 5 ¥ a0l
bl G2 @ az g ool Gl Gl canio ol anwg g Lis 0 oS sladele ) S oSl 65Tl
SOl 3510l e Glaglriny Cugi 5 aloled gl ol (S0 Gaal g (hovs slail s canio
Sl R (g s05e Gl sl bl ssee b algioe gt cal el o555 slong uen
on S SaS i onl sl @ Gl s e e il b sy, b0 Ol gilesiadlss 5 golaidl

oy



Sy bl Glyie 4 (So5d g (8 e sleizl 5l 5 golatdl sla )l piay 28,5 Sl o b pole gl o

S8l; 0 )5 g iged G512 (295 lrdmalio 4l » bagliing ol anas) Gle s VY olulid g e
lis Gl dis (905 Slwl) 33 e (B Lol ol (ool (285 Shgo 551 (ST Akl (55T
a5 aims e ol ol sy @l el Ol g0 (LSSl yslol S 5 Sl s axes g By, ez
S S i ) 5ol s 5 SISl Ll Syt skl e s 55 703 sl e oIS

Bl s golazdl glog)piny a5 wisls oLt ol agh b —gaels bl (Rl 5 golamdl glo gl g -

U Jlono 25 (i oten (siumonddl Caod g oly0 el ol )3 5 )lo LGl (6yal 0l jo 1y (i o i TFANY g b
otals sl 25 g5le ol jer a4y cadgs adly gloanyse b )] Jlgsan 5 (6,135 Cuesd pllii )0 (5,550 (ol ol iy
Qa0 il 6 lolie JSb as 1) Sl i (5,510l g (solaidl ol Wilgi oo daalawly 4 ganl,s  Kils

..\....3)5 JUERUNONY p9d oKl O LYOIA RS L 6.5 Lglmol)..i;ﬁ ~(5390 3 S92 6‘):‘ SR o ‘SLDA:’)LQJI 6153)‘ -y

Co e die) 30 shisel laasly gzl s (>l clils (5 a0 L Ax ol e oKl (o pae slos e
olBl g o pse cud b ] 6l owlel Glapldl sl adg g slacs,glid 5l eolatul g laas jo Cu poe xS

Sl g boslo ) Coesl [N TAYIE mo b (So3d Glo gl —(Su5ed slaal )l Caghi 9 g3lwgs -F

u.\.ob 5 Oless (gilwgs ls oSt Gl Jole Glore 4 K58 la ol i85y gull ais Soglol jo
Loz ply 5o Gl Cwglie al was oo (il g5 (590,00 L5 & sl Sbogl 5l 9 50 slagrtle
S (o8 Sl G

8 el aie 0 IOYIY o b olaizrl slo ey - ooloizl 69l Galifl sl (opt ot 28 5.5, 5 -

5 yaliy 0 ol5,slS o slaa,zs g il 5l S 0g Jlasyn; nyete (LSl w5 azs S

s e Sl o sl ) cai¥ole (5 138 Ceard g el Cusi 5 S ad 45 wias se i ol gl o IS sboay

oLl sl Gl sl aell sz lr Wil (e slaa 20 5l (5pS0st 5 (Sosd slaalls s3lug

aSl il walgs HeiS sla e 6l Gld )l i ge LS & e jee (ol b lstren slacwlow Sl ..bﬂ] w2l,8
WS oo e 3 1y o] 4 aily Gla gl Stiiae Sol

F W
dhre . orlBl gloyss ply 50 Gl (65,58 ()l DU sty )T O F ) ) (2gSh oy Sl
doi: 10.22047/srjasnr.2022.147432 :5| YA-£Y (V)Y « seud molio 5 (55,5Li8 pale 10 (00 ,0), slo ings

AART P u‘).QJ oKisls ubl.w‘ ng‘ u_JL‘> o)L’.AA.»} d‘).jw OF-Y) o‘?m 5)9.’).~o|
ol oliwg, sla lgls LS)ST%‘U Jeloi g oo (VF V) 00 )5 s (500 talliain (g tdable ¢ gaigles
doi: 10.30495/jae 2021.20982.2000 55| D) (FNY « 5L oleatsl licdins birgy ade dolils )

OA



Ol G sl s)ysll a8 51 sl iy

ghw olad Llog (VWAY) Lo o wliw] by tooues (g3geme 50 (8 pmiilyx ¢ 18T e ¢ Slwslie
diloles (z9)8 Sl e 635 o Gy saalllas 9590) larme Slblrs ply 50 (olbisy, GloolSusSs (s sl
YAV D «pale i

bzl (55510l e (ol OF-Y) Ly, (Globe (31,81 3L same Gl olz e (g9l tplo (>l
Sippbis dresi 5 Slatd] Clidid alme oy (L e 3550 0] (S gl b arzlse 5 (55lsS
d0i:10.22059/1JAEDR.2022.338067.669128 :;| AYA-)-Y (\)OYF «//

adlae) Glpl o Glr ase p Jse Jolse (VYD) s (Gloy 5 )byl plolal g (olsdye LI
https.//sid.ir/paper/492469/fa :;| A¥V-VV0 ((VF olo) YV + csolaid/ gildio ((DLS liwl s 50

tdabld ly (6 Sue tdabld  pade  SU,E lay (ks BulS toeme (e ldDIS- cwgglS fon S dese cdelne
Slidz (LS bl LIS 6,510l S5 Jelse ancaglsl s olubis ((VFY) asbls o >dls aisgn
doi: 10.22124/cr.2024.26768.1810 ;51 .¥YA-Y¥ 10 (F)\Y o)

doi: 10.22070/c5.2024.18726.1365 :5 AA-FY (V)Y + (5,1 (el yoly oale dpeii ] 5 g b e,

YFe Lo S pine oaSidls ol jlacil c )l 45 oBidls cldac j0 Gudzr j0 ad Cleo (VYAF) jpain ¢ Soge
ol byl g Gromiw (VW) L siidasms « il jgimws Lo ple ¢ SLadl e ¢ Gli,8 ST e cyloas S ¢bg, ¢ )b 139

slezegy Qlores Gl s adllass jg0) JLSis b agzlse (o glivg, aslsz g9l Qb o)l 5 5o
SEOFY (N o i,

Asadihkoob, H. & Ebrahimi, M.S. (2014). Challenges and strategies of e-commerce in Iran’s agriculture.
Agricultural Communications, 2(1), 80-88.

Berbe¢, AK. Agricultural resilience and agricultural sustainability — which is which? Current Agronomy, 2024,
Sciendo, 53(1), 10-22. Retrieved from: https://doi.org/10.2478/cag-2024-0002

Biyagama, K. K. (2024). Climate smart tea (Camellia sinensis) cultivation practices in Rathnapura District.
In Proceedings of International Forestry and Environment Symposium (Vol. 28). Retrieved
from: https://doi.org/10.31357/fesympo.v28.7123

Bozdag, C., Ruan, D. & Kahraman, E. (2003). Fuzzy group decision making for selection among computer.
Integrated Manufacturing Systems Computer in Industry, Computers in Industry, 51(1), 13-29. Retrieved
from: doi:10.1016/S0166-3615(03)00029-0

Carpenter, A. (2013). Social ties, space, and resilience: Literature review of community resilience to disasters and
constituent social and built environment factors. FRB Atlanta Community and Economic Development Discussion
Paper, (2013-02).

Chang, D.Y. (1996). Applications of the extent analysis method on fuzzy AHP, European Journal of Operational
Research, 95(3), 649-655. Retrieved from: doi: 10.1016/0377-2217(95)00300-2.

Ding, J.J., Wang, Z., Liu, Y. H. & Yu, F. (2020). Measurement of economic resilience of contiguous poverty-
stricken areas in China and influencing factor analysis. Prog. Geogr, 39, 924-937. Retrieved from:
https://doi.org/10.18306/d1kxjz.2020.06.004

Duit, A, Galaz, V., Eckerberg, K. & Ebbesson, J. (2010). Governance and resilience: A framework for analysis.
Ecology and Society, 15(4), 18. Retrieved from: https://www.ecologyandsociety.org/vol15/iss4/art18/

Emrouznejad, A. & Ho, W. (2018). Fuzzy analytic hierarchy process, CRC Press, Taylor & Francis Group. P.430.

Fami, H.S., Samiee, A. & Sadati, S.A. (2009). An examination of challenges facing peasant farming system in Iran.
World Applied Sciences Journal, 6(9), 1281-1286.

04


https://sid.ir/paper/492469/fa
https://doi.org/10.2478/cag-2024-0002
https://doi.org/10.31357/fesympo.v28.7123
https://doi.org/10.18306/dlkxjz.2020.06.004
https://doi.org/10.18306/dlkxjz.2020.06.004
https://www.ecologyandsociety.org/vol15/iss4/art18/

Fauzi, A., Rosmiati, S. & Juliansyah, R. (2025). Building farmers’ economic resilience: The role of quality seeds,
fertilizers, and land size in increasing farmers’ income. Baileo: Jurnal Sosial Humaniora, 2(2), 211-224.

Feindt, P., Newig, J. & Challies, E. (2021). Adaptive governance and resilience capacity of farms. Frontiers in
Environmental Science, 9, Article 668836. Retrieved from: https://www:.frontiersin.org/journals/environmental-
science/articles/10.3389/fenvs.2021.668836/full

Folke, C., Carpenter, S.R., Walker, B., Scheffer, M., Chapin, T. & Rockstrom, J. (2010). Resilience thinking:
integrating resilience, adaptability and transformability. Ecology and society, 15(4). Retrieved from:
https://doi.org/10.5751/ES-03610-150420

Ghaderi, Z., Menhaj, M. H., Kavoosi-Kalashami, M., & Sanjari, S. M. (2019). Efficiency analysis of traditional tea
farms in Iran. Exornomuxa Tomonpuspeoe, 66(2), 423-436.

Han, Z., Youn, Y. C., Kim, S. & Choe, H. (2023). Improving Farmer Livelihood Resilience to Climate Change in
Rural Areas of Inner Mongolia, China. Agriculture, 13(10), 2030. Retrieved
from: https://doi.org/10.3390/agriculture13102030

He, X, Li, Y. & Zhang, W. (2024). Linking smallholders' livelihood resilience with their adaptation strategies: A
case study from the Tibetan Plateau. Ecology and Society, 29(2), Atticle 7. Retrieved
from: https://ecologyandsociety.org/vol29/iss2/art7/

Hicks, A. (2009). Current status and future development of global tea production and tea products. Australian
Journal of Dairy Technology, 12(4), 251-264.

Jayadas, A. & Ambujam, N. (2021). Research and design of a farmer resilience index in coastal farming
communities of Tamil Nadu, India. Journal of Water & Climate Change, 12(7), 3144-3158.

Kalogiannidis, S., Papadopoulou, C.1., Loizou, E. & Chatzitheodoridis, F. (2023). Risk, vulnerability, and resilience
in agriculture and their impact on sustainable rural economy development: A case study of Greece. Agriculture,
13(6), 1222. Retrieved from: https://doi.org/10.3390/agriculture13061222

Khormali, F., Ayoubi, S., Kananro Foomani, F., Fatemi, A. & Hemmati, K. (2007). Tea yield and soil properties as
affected by slope position and aspect in Lahijan area, Iran. International Journal of Plant Production, 1(1), 99-
111. Retrieved from: https://doi.org/10.22069/1JPP.2012.529

Kumar, M., Boruah, A., Sonia, H. & Padha, K. (2024). Building Agricultural Resilience: Strategies for Climate
Change Adaptation. International Journal of Environment and Climate Change, 14(11), 561-568. Retrieved
from: https://doi.org/10.9734/ijecc/2024/v14i114568

Kuo, Y. L. & Boseley, C. (2024). Resilience Strategies to Weather Hazards in Tea-Farming Households in Pinglin,
Taiwan. In: Handbook of Nature-Based Solutions to Mitigation and Adaptation to Climate Change (pp. 1-24).
Cham: Springer Nature Switzerland.

Kurlavi¢ius, A., Zukovskis, J., Gozdowski, D. & Wojcik-Gront, E. (2024). Economic, Social, and Environmental
Factors Impacting Resilience and Disturbances of Lithuanian Family Farms. Agriculture, 14(7), 1088. Retrieved
from: https://doi.org/10.3390/agriculture14071088

Limo, W. K. (2013). Factors influencing climate change adaptation among tea farmers in chebut catchment area,
Nandi central district, Kenya (Doctoral dissertation, University of Nairobi).

Lin, X., Zhu, H. & Yin, D. (2022). Enhancing rural resilience in a tea town of China: exploring tea farmers’
Knowledge production for tea planting, tea processing and tea tasting. Land, 11(4), 583. Retrieved
from: https://doi.org/10.3390/land11040583

Luo, W., Zuo, S., Song, Y. & Tang, S. (2025). The impact of data elements on agricultural economic resilience: a
dynamic QCA analysis. Frontiers in Sustainable Food Systems, 8, 1510328.

Maltou, R. & Bahta, Y.T. (2019). Factors influencing the resilience of smallholder livestock farmers to agricultural
drought in South Africa: Implication for adaptive capabilities. Jamba: Journal of Disaster Risk Studies, 11(1), 1-
7. Retrieved from: https://doi.org/10.4102/jamba.v11i1.805

McKenzie, F., Brown, C., & Smith, J. (2024). Eastern Australian farmers managing and thinking differently:
Innovative adaptation cycles. ECU Works, 2022-2026. Retrieved
from: https://ro.ecu.edu.au/cgi/viewcontent.cgi ?article=3998&context=ecuworks2022-2026

Metz, J. A. J. & Geritz, S. A. H. (2010). Adaptive dynamics theory: Case study of a NP model [PDF]. Istituto Veneto di
Scienze, Lettere ed Arti. Retrieved from: http://mamwv.istitutoveneto.org/lbess/conclusions_2010/Bess_presentation. pdf



https://www.frontiersin.org/journals/environmental-science/articles/10.3389/fenvs.2021.668836/full
https://www.frontiersin.org/journals/environmental-science/articles/10.3389/fenvs.2021.668836/full
https://doi.org/10.5751/ES-03610-150420
https://doi.org/10.3390/agriculture13102030
https://ecologyandsociety.org/vol29/iss2/art7/
https://doi.org/10.3390/agriculture13061222
https://doi.org/10.22069/IJPP.2012.529
https://doi.org/10.9734/ijecc/2024/v14i114568
https://doi.org/10.3390/agriculture14071088
https://doi.org/10.4102/jamba.v11i1.805
https://ro.ecu.edu.au/cgi/viewcontent.cgi?article=3998&context=ecuworks2022-2026

Ol G sl s)ysll a8 51 sl iy

Meuwissen, M., Feindt, P., Spiegel, A., Termeer, C., Mathijs, E. et al. (2019). A framework to assess the resilience of
farming systems. Agricultural Systems, 176, 102656. Retrieved from: https:/doi.org/10.1016/j.agsy.2019.102656

Motamed, M.K., Irannejad, F., Rezaei, M. & Rousta, K. (2010). An investigation of educational needs of Guilan-
Iran's tea—planters. Journal of Development and Agricultural Economics, 2(3), 086-093.

Paas, W.H., Coopmans, 1., Severini, S., Van Ittersum, M.K., Meuwissen, M.P. & Reidsma, P. (2021). Participatory
assessment of sustainability and resilience of three specialized farming systems. Ecology and Society, 26(2).
Retrieved from: https://doi.org/10.5751/ES-12200-260202

Rahmani, A., Armak, F., Khazaei, M., Asgari, G., Leili, M. & Rashti, M.E. (2023). Human Health Risk Assessment
of Organophosphorus Pesticides in Tea Leaves Harvested from Farm Regions of Gilan Province, Iran. Avicenna
Journal of Environmental Health Engineering, 10(2), 78-84. Retrieved from:  https://doi.org/10.34172/ajehe.5310

Ranjan, R. & Athalye, S. (2009). Drought resilience in agriculture: The role of technological options, land use
dynamics, and risk perception. Natural Resource Modeling, 22(3), 437-462. Retrieved
from: https://doi.org/10.1111/].1939-7445.2009.00044.x

Saaty, T. L. (1977). Ascaling method for priorities in hierarchical structures. Journal of Mathematical Psychology,
15(3), 234-281.

Saaty, T. L. (2008). Decision Making for Leaders: The Analytic Hierarchy Process for Decisions in a Complex
World. Pittsburgh, Pennsylvania: RWS Publications. pp. 83-98.

Saaty, T.L. & Peniwati, K. (2008). Group Decision Making: Drawing out and Reconciling Differences Pittsburgh,

Pennsylvania: RWS Publications. P. 389.

Shokrzadeh, M., Hosseinzadeh, M.H., Boustani, M. & Habibi, E. (2022). Determination of caffeine, total phenol,
and heavy metals content in green and black tea collected from Gilan Province, Iran by spectroscopic
method. Pharmaceutical and Biomedical Research, 8(1), 23-30. Retrieved
from: https://doi.org/10.18502/pbr.v8i1.9383

Sutomo, D. A. (2024). Community-led Economic Resilience: Fostering SME Growth through Financial Education.
Golden Ratio of Data in Summary, 4(2), 361-371.

Tanuputri, M. R. & Bai, H. (2023). A framework to build a resilient supply chain: a case study of Javanese tea in
Indonesia. The International Journal of Logistics Management, 34(6), 1629-1648.

Trimerani, R., & Ardiani, F. (2023). Evaluation of The Role of Social Capital in the Tea Farmer Partnership System
at PT. Pagilaran Afdeling Samigaluh Kulon Progo. AGRITEPA: Jurnal llmu dan Teknologi Pertanian, 10(2),
357-370. Retrieved from: https://doi.org/10.37676/agritepa.v10i2.5146

Veisi, H., Carolan, M.S. & Alipour, A. (2017). Exploring the motivations and problems of farmers for conwversion
to organic farming in Iran. International Journal of Agricultural Sustainability, 15(3), 303-320.

Walker, B., Holling, C. S., Carpenter, S. R., & Kinzig, A. (2004). Resilience, adaptability and transformability in social—
ecological systems. Ecology and Society, 9(2). Retrieved from: https://doi.org/10.5751/ES-00650-090205

Yao, R., Ma, Z., Wu, H. & Xie, Y. (2024). Mechanism and measurement of the effects of industrial
agglomeration on agricultural economic resilience. Agriculture, 14(3), 337.

Yusriadi, Y., Cahaya, A. & Masriadi, M. (2024). Tourism and farmers' economic transformation: lessons from
North Toraja. Frontiers in Sustainable Food Systems, 8, 1487452

Ziarati, P., Khoshhal, Z., Asgarpanah, J., & Qomi, M. (2013). Contaminations of heavy metals in tea leaves, finished tea
products and ligour in Gilan province, Iran. International Journal of Farming and Allied Sciences, 2(13), 383-387.

Zou, Q., Zhou, J. Z., Zhou, C., Song, L. X. & Guo, J. (2013). Comprehensive flood risk assessment based on set
pair analysis-variable fuzzy sets model and fuzzy AHP. Stochastic Environmental Research and Risk Assessment,
27,525-546. Retrieved from: doi: 10.1007/s00477-012-0598-5

£\


https://doi.org/10.1016/j.agsy.2019.102656
https://doi.org/10.1016/j.agsy.2019.102656
https://doi.org/10.5751/ES-12200-260202
https://doi.org/10.34172/ajehe.5310
https://doi.org/10.1111/j.1939-7445.2009.00044.x
https://doi.org/10.18502/pbr.v8i1.9383
https://doi.org/10.37676/agritepa.v10i2.5146
https://doi.org/10.5751/ES-00650-090205
https://doi.org/10.5751/ES-00650-090205

Strategic Research Journal of Agricultural Sciences and Natural Resources 11(1):45-62 (2026)

Key Drivers Affecting the Resilience of Iranian Tea Farmers

Gholamazad, M.A.! and Kavoosi Kalashami, M.2

Resilience refers to the ability to survive and grow under changing conditions and
plays a vital role in coping with shocks such as climate change, rising production input
costs, severe fluctuations in guaranteed purchase prices and free-market rates, and the
dominance of multiple intermediaries in the value chain. Tea production in Iran is
particularly confronted with such challenges, which highlights the necessity of examining
the drivers influencing tea farmers’ resilience. The aim of this study, conducted in 2025,
is to identify and prioritize the drivers affecting the resilience of Iranian tea farmers. To
this end, four categories of drivers (economic, social, technical, and physical) comprising
27 sub-drivers were assessed through the participation of 15 experts and specialists. The
results revealed that economic and market drivers (48.13%) and technical drivers
(25.80%) play the most significant roles in enhancing resilience. On this basis, it is
recommended that policies focus on revising the pricing system and setting guaranteed
purchase prices consistent with the actual cost of production as the main economic factor,
while simultaneously strengthening tea farmers’ managerial skills as the key technical
driver and modernizing equipment and physical assets. Such emphasis can
simultaneously ensure economic sustainability, improve productivity, and enhance the
resilience of tea farmers against environmental crises and market fluctuations.

Key words: Decision tree, Fuzzy analytic hierarchy process (FAHP), Inconsistency rate,
Purposive sampling, Questionnaire.
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Strategic Research Journal of Agricultural Sciences and Natural Resources 11(1): 63-76 (2026)

An Analytical Examination of Opportunities, Threats, Strengths,
and Weaknesses of Floodwater Spreading Projects in Iran

Moazeni, S.R.! and Malekian, A.2

Floodwater spreading projects, as one of the key methods for runoff management and
enhancing natural water infiltration in downstream lands—particularly in arid and semi-
arid regions of Iran—play a vital role in reducing flood damages, strengthening the
natural recharge of aquifers, and improving the ecological condition of rangelands and
rain-fed farmlands. The aim of this study was to systematically analyze the strengths,
weaknesses, opportunities, and threats (SWOT) associated with floodwater spreading
projects in Iran and to develop optimal strategies for improving their performance and
achieving sustainable development through the use of analytical models SWOT and
QSPM. In this research, internal factors (strengths and weaknesses) and external factors
(opportunities and threats) were identified and evaluated through targeted interviews with
experts, managers, natural resources specialists, and university professors. The results
revealed that these projects are in a position where adopting conservative (WO) strategies
can lead to the best outcomes. Based on the findings, applying advanced technologies for
flood modeling and monitoring (such as GIS, remote sensing, and numerical hydrological
models), strengthening cooperation among scientific, executive, and local institutions,
and enhancing community participation are among the most important strategies that can
improve the performance and sustainability of floodwater spreading projects. Moreover,
integrating indigenous knowledge with financial support and localization of successful
global experiences can enhance these projects’ capacity to cope with challenges such as
soil salinity and sedimentation. The results also indicated that environmental monitoring
and the use of advanced technologies play a decisive role in improving project performance.
Ultimately, this study demonstrates that through appropriate strategies and integrated
management, floodwater spreading projects can become an effective tool for mitigating
climate change impacts and enhancing water resources management in arid regions.

Key words: Climate resilience, Ecosystem sustainability, Integrated management, Local
community engagement, SWOT analysis.
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Analysis of the Adaptive Capacity of Qashgai Nomads in
Response to Climate Change in Rangelands of Shiraz County

Rostam Morad Doquzlu, H.R., Ghorbani, M.%, Naseri. H.R., Tavili A. and Jalilian S.2

This study investigated the perceptions and adaptive capacity of Qashgai nomads in
the mid-range rangelands of Shiraz County in response to climate change. The objective
was to analyze herders’ understanding of climate change indicators and to assess
various dimensions of adaptive capacity—including economic, social, infrastructural,
knowledge-based, and governmental policy aspects—in order to propose strategies for
enhancing livelihood resilience. The research followed a descriptive-survey method
using a structured questionnaire, whose validity was confirmed by experts and
reliability assessed using Cronbach's alpha: 0/773 for climate perception and 0/772 for
adaptive capacity. The statistical population included nomads from the Sheshboluki and
Rahimlu tribes, with 79 members of the fifth-term tribal council selected through
purposeful and complete sampling. Results showed that the nomads had a moderate to
high perception of climate change (mean = 3/23), particularly identifying reduced
snowfall and drying water resources as the most evident signs, whereas increased pest
outbreaks and wind pattern changes were perceived as less significant indicators.
Among the dimensions of adaptive capacity, the knowledge-based aspect had the
highest mean score (2/33), while the economic (1/86) and governmental policy (1/94)
dimensions had the lowest. The Friedman test confirmed significant differences among
these dimensions. Structural equation modeling did not reveal a significant relationship
between climate perception and adaptive capacity. Based on these findings, it is
recommended to enhance nomadic resilience to climate change by strengthening
cooperatives, offering integrated indigenous and modern training programs, ensuring
equitable distribution of technology, and providing targeted support to vulnerable households.

Key words: Adaptive capacity, Climate perception, Mid-altitude rangelands, Qashqai
nomads, Rangeland users.
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Analyzing the Role of Water and Fertilizer in Agricultural
Export Policymaking

Khoshgoftarmanesh, A.H.! and Vatankhah, H.?

In recent years, special attention has been paid to the export of agricultural products,
including greenhouse products. However, the sustainable development and prosperity of
this sector require attention to certain indicators and agricultural-economic aspects that
seem to have largely been overlooked and received less attention from policymakers.
This article highlights some hidden aspects and unseen angles of agricultural product
exports. ldentifying these principles, which do not apply to other goods, is beneficial
and perhaps necessary for formulating innovative and scientific policies for the export
of agricultural products. Considering the amount of water, energy, and nutrients
exported per unit of product (namely virtual water, virtual energy, and virtual fertilizer,
respectively), as well as other hidden aspects in the production of agricultural products,
it is strategically important to formulate related export policies for each product.
Furthermore, identifying target countries for export is essential, taking into account the
possibility of bartering the strategic needs of the country with the exported product. It
should be noted that in the case of product exports, the subsidy is allocated only to the
producer of the product and not to the general public. Social justice will only be
established if the real cost of inputs is considered in the valuation of the exported
product and made available to the public through specific methods.

Key words: Safe food, Virtual energy, Virtual fertilizer, Virtual water.
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The Role of Energy Productivity Index in Data-Driven
Policy and Innovation Transfer in Agriculture: A Case Study
of Wheat in Tillage Systems of Alborz Province

Taheri Hajivand, A.r and Abbasi, M.?

Rising concerns over resource crises, declining input productivity and environmental
impacts have amplified the need to reform wheat production systems in Iran. This study
aims to provide a comparative analysis of the energy productivity index and to elucidate
the significance of data-driven, evidence-based policymaking by comparing conventional
and conservation tillage systems in wheat farms of Alborz Province. Data were collected
through field surveys, recording input consumption, energy inflows and outflows and
environmental indicators and analyzed using validated coefficients and standard software.
The results demonstrated that implementing conservation tillage led to a significant
reduction (over 50%) in total energy consumption, saving fuel and nitrogen fertilizer,
while markedly improving energy productivity and the output-input ratio. Furthermore,
the share of renewable energy increased and negative environmental effects, including
ecosystem damage and depletion of non-renewable resources were reduced. Life cycle
assessment indicated that targeted management of fertilizer and fuel constitutes the most
effective tools for minimizing the environmental footprint of wheat in the region. Thus,
the development of energy indices and data-driven analysis, combined with targeted
education and enhanced access to conservation mechanization technologies, can
accelerate the transition to sustainable and resilient agriculture in Iran and serve as a
practical strategy for informed policymaking in the agricultural sector.

Key words: Conservation tillage, Data-driven policymaking, Energy productivity, Smart
agriculture, Wheat.
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