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Extended Abstract

Introduction

Efficient irrigation management is one of the most
important challenges in sugar beet production,
particularly under conditions of increasing water
scarcity. Since the sensitivity of sugar beet to water
deficit varies throughout its growth cycle, identifying
the critical growth stages for water allocation can
substantially improve water productivity while
maintaining crop performance. Conventional irrigation
scheduling generally treats all growth stages similarly
and therefore may not maximize the efficiency of
limited water resources. Multi-criteria decision-making
(MCDM) techniques provide an effective framework for
integrating multiple agronomic criteria into a single
decision-making process. Among these methods, the
VIKOR model is capable of identifying compromise
solutions by simultaneously considering group utility
and individual regret. Therefore, this study aimed to
prioritize sugar beet growth stages for sustainable
irrigation management using the VIKOR multi-criteria
decision-making method based on biomass water
productivity and the relative contribution of each growth
stage to plant growth.

Materials and Methods

The study was conducted using data obtained from a
two-year field experiment. Two evaluation criteria,
including biomass water productivity (kg m™) and the
relative growth share (%) of each growth stage, were
used to construct the decision matrix. Four growth
stages (Initial, Development, Mid-season, and Late-
season) were considered as the decision alternatives.

Criteria weights were determined using both equal
weighting and Shannon entropy weighting approaches.
The VIKOR method was then employed to rank the
growth stages based on the S, R, and Q indices. The
acceptable advantage and acceptable stability conditions
proposed by Opricovic were evaluated to verify the
validity of the compromise solution. Furthermore,
sensitivity analysis based on systematic variation of
criteria weights, together with Tornado analysis and
Spearman rank correlation coefficient, was performed to
assess the robustness and stability of the obtained
rankings.

Results and discussion

The biomass accumulation pattern followed a typical
sigmoid growth curve, with rapid dry matter
accumulation  occurring  primarily  during the
development and mid-season stages. Mean biomass
water productivity values for the Initial, Development,
Mid-season, and late-season stages were 4.91, 8.66, 3.84
and 3.83 kg m?3, respectively for the Initial,
Development, Mid and Late stages, respectively, while
their corresponding relative growth shares were 7.24,
45.99, 41.77 and 5.01%, respectively. Application of the
VIKOR model indicated that the Development stage
consistently ranked first with Q = 0.000, followed by the
Mid (Q = 0.774), Initial (Q = 0.903), and Late (Q =
1.000) stages. Both acceptable advantage (AQ =0.774 >
DQ = 0.333) and acceptable stability conditions were
satisfied, confirming the existence of a unique
compromise solution. Sensitivity analysis demonstrated
that the Development stage maintained 100% ranking
stability under all weight scenarios, whereas the Mid and
Initial stages exhibited 64% stability and exchanged
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their relative positions only within a narrow range of
weight variation. The Late stage consistently remained
the least preferred alternative. In addition, Spearman's
rank correlation coefficient equaled 1.00 for both annual
analyses and the two-year average, indicating complete
agreement between rankings obtained using equal and
entropy weighting methods.

Conclusion

The results demonstrated that integrating physiological
growth characteristics with water productivity indicators
through the VIKOR multi-criteria framework provides a
reliable approach for identifying critical irrigation stages
in sugar beet. Among all growth stages, the
Development stage was consistently identified as the
most efficient and robust stage for water allocation
owing to its higher biomass water productivity, greatest
contribution to biomass accumulation, and complete
ranking stability under different weighting scenarios.
The Mid stage represented the second priority but
showed moderate sensitivity to changes in criteria
weights, whereas the Initial and Late stages had
comparatively lower management priority. The
robustness confirmed by sensitivity analysis and
Spearman correlation further supports the reliability of
the proposed ranking. Therefore, prioritizing irrigation
during the Development stage can improve water-use
efficiency and  support sustainable irrigation
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management of sugar beet under water-limited
conditions.

Keywords: Growth stages; Irrigation management;
Multi-criteria decision making; Sensitivity analysis;
Sugar beet; Water productivity; VIKOR

References

Bahraseman SE, Firoozzare A, Pourmohammad F,
Boccia F, Saghaian S. Determining the best
strategies to improve agricultural water productivity
in arid and semi-arid regions: An ordinal priority
approach. Journal of Arid Environments. 2025;
231: Article 105458. Doi:
https://doi.org/10.1016/j.jaridenv.2025.105458.

Biswas T, Sah RP, Kumar R, Kumar V, Nath CP.
Evaluation of management practices in rice—wheat
cropping system using multicriteria decision-
making methods in conservation agriculture. 2024;
Scientific Reports, 14, 8600. Doi:
https://doi.org/10.1038/s41598-024-58022-w

Opricovic S, Tzeng GH. Compromise solution by
MCDM methods: A comparative analysis of
VIKOR and TOPSIS. European Journal of
Operational Research. 2004; 156(2): 445-455. Doi:
https://doi.org/10.1016/S0377-2217(03)00020-1
[Accessed 10 May 2026].


https://doi.org/10.1038/s41598-024-58022-w
https://doi.org/10.1016/S0377-2217(03)00020-1

7 ~ 20 4
N » » 1)
L P’ . " “
/_ AP IN e R 2
O
‘.. “ ISCPBS
SBSI Journal Home Page: https:/jsb.areeo.ac.ir St ot = e o

oS 63555 51 03l b O b sl S et (61pr NGB ki iy cilisee Jilpe guiscas ol

o lroi> (55

LS oo Lo
VEO/FINY i pdy Zu,b VE-0/Y/Y rcdl ) o,

g3y dllie g5
DOI: 10.22092/jsb.2026.372764.1405

—YAD (Y)¥Y By ojlaediy (658 el (6355 1 aaliil b O wlio b Copte gy 18,000 15, cilise Jolye (cauCuggl AFFlS siosxe )
Y.¥

oS

Ban b aagss ol Gl CEI5S4 0l ady 0,93 Jsb 43 o 51 9 Cowl 2y ida Jluly Sdgd ouiiSdga0x0 Jolgs (1 Fetes 1 (S (otleS
93 - el (VIKOR) ;5505 0 )lisosiar (5505 o Jao 31 03Ukl b o0l B pucno (5590 0 ko 1 0i8 iy ahy iliSeo Joul o (giaagly!
i dlo po (SE ldgr 7Y+ 3930 B CadlS 1) andy (oaloial als o o 3 0LS by (o oo 9 0395 Conmnt§ 21 (5990 0t Jolud pad L
slissl 3,90 (Gl B S JolS iy ) ol als yo SB Jol§ gy U 7Y+ 1) o als yo SB iy I¥+ 398 B )+ 1)
921 19529 (99, 4 85lmenia Jod (oizned b ool Jlw 95 (il (mimed 9 Jw 2 gl il 2 Wodls uily jlg 4525 .85 1,5
Args als po (313 4135 Glagy luw plod 43 oS 31> (LS S .08 )5 el (9ilid — (90T (230359 9 Wyleme a1 (LS (B30 59 3,5,
iy 3 ¢ IYIV=2IVYAY 3955 Q 3l b (Sloo Al o ool 51 (pm -39 (55 sl Caaglyl (2 W 9 (Q=2) 1550 ad LS yladle (2 oS (415
GOy Bl gl oy 2 855 )18 0, 4y 13 Q=Y e b (SLL als jo g @ 4 3 +[AFO-+/AFA 3905 Q y3lie b (2l dlx 5o (09
i ool ol yoboas (o3l — (9,5 (19 53 (Bllae (555 1 b Lol g2 51,8 51 Wgy Jlws (ol 3 (5lanly by )51 5 31 ki yoSa
U 930 195 Copusls 43325 5 (0 ] o Kunnod oy o o] iy 325 B siloo g gl Ul Jolh oudjlus g o, dSgosma el ol
S alalls G 5 oS Jlo 50 ol 03,5 L 1) (glawsy U5 a0 3 A0 1 i 9 0393 Hlaul HolS + /A B+ /Y 539 851 13 drwgs als yo oS 31
9 ¥yl drwed Al o a5 313 i gl (getme 13 WS o pdi o g Il Jolpe sl ] 43 45wl unlie +/OA (39 290 43
9 odll ol )3 il BaoS (nl 5 butel Cawd dy O drwgi Ca Cawl w8yl )3 O Bpae Cupite (512l po (32 )5 dinge
3313 G955 0] Clalllas )3 Mowigr (S Jbe g 8 lmosia (6305 pronal Loy pilw b dunslie g S egiie (4 y100

s95as Jdo o lumarin Lo (T (6590 2 <00l — 29551 1S g0y

r.mohammadikia@areeo.ac.ir : Jsiume odiwn g #


https://jsb.areeo.ac.ir/

eyl Co e (gl A8 jniae Ay e ol (gana gl

95 o5 3,8des Lais ¢ (Water productivity) ol (¢,g0 0
Sl ge ST Jpame (&5

caliseo olpe 50 Ol Cudgiome a4 1B e (iiSly 45 ol )
olS Cumlue > 5 Ol (6y90 00 «Su5lgiSS CuisS iy
ol e Coglyl e sl il syl g byt 4
082 ) D98 00 S (shmiz g ol dliue Sy 4 Jol e
il @ yite 4asld Ky ol 3 By (655 pmonad ¢yl 5
Coodl | gale (5 pgal Slicod A5 doyd b ady) 3 )Slas
Sloier 2l ulpl ey @l us) alspe ja Al
e 9 Seigdsid (B (oS Sl adli I lasgece
Bpae Copde & Cumd My Jolpo (p Foles ue sl
sy oo a5 4 (5y9p0 ]

(Multi- ojlnesiz (¢S prancad slagsby) sl lalo
oyl laeq criteria decision making; MCDM)
650988 )3 (e oz Bluws Sl gl yino g 0ol
opl Al S 15 03 uS g D90 O ple Copto g
1y sliie ol8 5 Cilisen (slajlins lajen (bl ool Lo b,
bylys o b 0 e SaS 505 5 myonal 4y 5 a3l pal b
odly 5 Cuslad pac b apalse 0 v g mlie Codgione
gyl 5 alolid 1) cuslie (pae slaan S ¢ all
(Opricovic and Tzeng 2004; Qureshi et al. .S
S 5% oilwdings »» MCDM (clas Sy, .2018)
SiagkiS soslyy Bpae giludigy 9 Jlosis s
(Biswas et al. 2024; Tuncel and .)ly (glos S 54,8
S 57 o de 3 ool eyl 51 0gde .GUNLUrK 2024)
9oy (TOPSIS) el wile laghs; 0 (e
Pl e gans ganas) ol g (S eranal
(Li et al. 2020) Lisky Ssuts gjysliS (sloailobus

YAS

EPRTSY
St § S olyieas (Beta vulgaris L.) .8,
2 bl GRS oo 53 S ey (el); Y gaee
iyl (655LS sl 5 olid poliao dmasgs ¢ i il el
Bblie )3 0o g3yl oo cnl Mg5 ()luly S oo
5 ol @lio Cudgize p3l Co Guiba ( Siddoy g Suis
(Pidgeon cul 4,5 1,8 Sis o i Slgl,d iolsdl
5SS ajeS > oS ld b s ol et al. 2001)
5 oo d2lge Ol wlio gar Codgumme b ooy Sitdaoy
Siojl ol oA B e 0 5S )5 lsieds (455l ik
A Bpas siloatag lp 2L 200 (gla Kl drngs
(Koocheki et al. cuwl ey &Y game 5,Sloe Lais 4
pasasS 5 lel e Copde (dailyd oy 5 .2007)
et 3 S el by il ol 4 ol ag
$59LiS > Mg 6yl g Ol 5y 500 il slad peal
Job 3 (Sid G5 4 a8 juiie Sl 295 00 Cgune
ol diuanly 0l (gl dls o 4y g 03905 CAIGSS Ay 090
Copmd 13y Jolpo (S 45 Wlosls (Ll SGjglgn b lalllas
Sl ol 3 G5 89 9 W)l (5 ey Sl Gl 39,05 4,
@l oS 9 0 Slas )y gpilohe Gl Alge
Olobe @y dsg dloyo ¢ Jlo plgicas 23l aztly Joame
>y o iles Glgisa (BUIKING) adyy (4d 5y s yo
2 losinna Boygd cpl 33 o A5 1j g 4l )
& 9 Suid 03l @95 ¢ s g Cudils (S o dngs
(Draycott 2006; Hoffmann 5,8 . it ,5b j,5e
oo &S Conl oas j5)l55 yicmen .and Kenter 2018)
o S5 5 (odagy ) Hlai 1 Sy adsl dmngs g il
ol (S aS Jo  aitn §pslan oS 4 s Sy
Lmd o QU AT 4 Cumd (S ol JooO (gdu
(Doorenbos and Kassam 1979; Yonts et al. 2003;
olS Sujglanud gl y> oy ol Kenter et al. 2006)



YAV

L 59, 9 3190

Slelhe aibie

acyio 5 (WAY 5 WWAP) Jlse Jo 9o (b adllas -y
2 &y 498 ol 5 SB Sliiod dupe Slaiod olSiy
4> YO 5 42,0 YO oldle clatke b z)5 ol e
b bl (Bpd Job 4dBs OV 5 423 0 g Jled (5)e
Sid g p)5 yi)logd (sorlll (gunatl ulul 5y adlate o l8]
Sy slaglime) 9 SUiS 5 )5 slagluwl b sl
o8l sl 158wl s (Jafarpour et al. 2023) ¢!
Sgd by slod (1Sl 2 S ddlaio 0 VWYN=VFe e 690
42> Ky g 4ineS slod (1le 5 AT Bl 42> YV
(Anonymous 2021) cul e3g; 3,5 gl

oARg3 o ol g SB- sl Sy
soglw Ye=Fe 5 =Y cges | SB sladige
ol 28l Jols S (58 sla S 5 osleer
(Gee and Bauder oL 5 > lwy oldduog )bl
L mls ogase a3 pbxl olSilefl 55 1986)
SB py Comd Boyb jl g 03950 slrdises ;| ool
5 Sheyje Cad)b Cusby S e S poes 4 S
&yl slig g Ol oSiws jlodlatwl b Wil (55405 alats
Casby ol I okS oslimel LB T g ad (g,Sojll
(Allen wol cows & ely; cud )b cagb, 5l w3l (S350
» lwl «SB slaasses £t al. 1998; Anonymous 2003)
Cugby om Gl (b YY) JBbgls ¥V LS (55
(Sl (1 18) JSlishs 00+ + JLtb s 5 sl 30 bl
aw Y 6ub 00l I8 S S50 alads cugb s
e JS 0595 5 M oS S sSl colia (s S
Lo BB maly g jaud & Ji )5 09 a0 4 S
Co ypdo Carad] oSN pl (N Joda) bl ialS ges yiul3l
b T g lie dlge i 3 SB e (claaY

.J.m.lu.o

el SO SerlE b oe)laekis (5pSpenal (668
(o ol (sl i A0l Lo (gl aepllss 5L,
ol Slow zols gy Ol doaiy S 2bj)l 5 ajline
ole cpl > (Saaty 1990) djlu o o2ly8 1) Sopie
el (AHP) (5l podladis o5 alj3 s ola b,
syl w58y 5l (VIKOR) 55, 5 (TOPSIS)
9 b @lio Copde (g5)liS pole )5 ojlmesiy oo
oL 3 sl tagh Kgb e Cgme ()bl (il
daxie (gbaylixe lojed 3.8l L 15,018 gy (pl a8 Ailesl
Srdae hpde ) Saly (85 (e (golaidl
R B P 1 S N K V) PRy %) R JVR B
.(Bahraseman et al. 2025)

2 o)lmediz (§pSmreal Sbahyy 28 S 2529 b
Fleidysise diej 53 iy Olllas jli «55)5laS pole
22 b Sl baes o g0t ) T Gme o e
55 305 cldlbn ol il )3 oS byl sgiome asls
oo o ) Jpaze CudS b3 Sles Gl oy p (Lo
olmediz g 4l oLyl 4 dmgh yieS g edg A,
Copde & Couwd AB)uiix ud) @lie Jolie Comlus
o plomen plply ol asby gl jsmeds
slog)l I oliul dnej  asuie  dagh
Ly ol ol ands) @lp ojlasdy (65 enal
Copde p e gloadld I glasgeome olul y 8 0t
XSy i ol Lol Gun ¢ wlul () 55l 3939
cnngs o2l Jole ol W8ykiin 15, 45 )as olye
Sl joedls yo o pte 4 Comlus i | okl 5 Sl
ol @l sl o)lreriz (gySamenal 305, 5l edlazul
Solal sladabyy (585 gl ole ol Slg e il
ol Gpas (gy90 500 Gl g o dle panass gomeds o
Syt & Cled 3 g djle eal)p mlie Cudgazee Lulyd
SaS Silddag 5 s gble o 8)uie wg g)lul
Soles



el S pte (sl 48,000 05, e oo (siaegll YM
SB oberd g (Sojd oSy ) Jgd
Table 1 Physical and chemical properties of soil
- iy Cusb, iy Casb, s
=3, 1y Cud $3 503 dlai i S eyl : , B iy
se Tr ehesh Seds L SIS s B b ST
Soil Sk Field Wilting . Electrical Organic  Total Available e
ol Soil capacity point <2l conductivit b . Available
dept N o Bulk carbon  nitrogen  phosphorus .
h textur gravimetric gravimetric densi y ) ) (Mg kg'l) potassium
e moisture  moisture %M1 (ggm1) (mg kg)
(cm) . . (gcm™
(%) %)
0-30 Loam 19.2 9.5 1.52 0.72 0.55 0.06 7.2 230
360(; Loam 18.8 8.5 1.58 0.58 0.41 0.05 6.8 220

g ooy yials ) SB (ud st Hlas oS iy )8 Canlio
g loyesls clale g Cgllas SB oM 5 ddyy Ay slp
casly )l iz (ylol ol jlome e3ga5e )3 55 eyl

.(Anonymous 2003)

colia oS ol L (Y Jgae) colol of iS4 mls
oyt pmiorj o ¥ il sl a8 Ol (EC) (S0
P S JSde 2929 pas oximd LS 5 29 By (gl
(Ayers and Westcot 1985) >p Jeae ol o)l

odgxe 5 Ol vt Llo Cans 9 Ol abswl e

bl o ol sla S35 ¥ Jgur
Table 2 Chemical characteristics of irrigation water

o] SSopsllcghs el G e s e lédgs s SloyS o
H EC PR Sodium Calcium  Magnesium  Sulfate Chloride  Bicarbonate
P @Sm?)  (SAR) (meq L)
7.5 0.56 0.35 0.5 3.9 0.2 0.6 0.7 3.3
O S glacay, dol b pbdl swd Gyl & Sy Slles

el LS > &gy Jlin A bkl 1515 9 390 e Ol
SBlese pas 1 o6 oslud Gl Sl Gl S
WSl g Bl Bl ok (adiew o) ) (Sial
S b el plaes Gjgon sy plas 3 ol
Pl plato jsboar ol 51 g g 5Ll 095 13 5,0 slacile
2 559 ey B jya sladile gslate ol e85
BB e cols,y b aad Bl s Oygods o Blybl awsls
(o515 ehel) S5 Sldas 3585 dbml (ol olS L s
OblS Gls e 3 g b el bl bl I
slabols ool plon 3 Wl sladiy 5 )b Faems
g 5 glails Sl gpSele gy ad ol

58 gy o SLbl 4l (Sl sl Sl oS

s (& 5wodlel 5l oY (slaasly ples 3 olS cuils
B o 51 S ocgjlosslel o yn )3 05 plocl casls
bl g by y K 5 45 (Ko 9 (Gl 19y jlaise Bos
2GS g e 05 Bl b 1 el S
ol Glbl lacsls anl )3 fuomen g sl 0350
5 sk $Seal dbxl I U A mbaus LSy ©)gon
Sledo o)lul udlS Sl 03,5 £ySslr Ol e b
=hi Cad)bb Swp aw 4 SB Cugb) il jglated;
@ deyie o Jlgte Jlo 93 53 a8 juiie cutS A5 plox]
Jol Jlo o il gl ub plosl gpayie VYo Colu

dgs 0lodld 3 Jol (VYAY) pgd Jho yd g Casdigd )l YA ((VYAF)



YAQ

S oz Cagby O (MM M) L5300 0,95 (6lal 5
ol (M ) i3 50 0353 (sl 53

4l » Sk “";l S U"L"" R ey By (l) d)Lﬁ] &S
(Allen et al. 1998) wis duwle ¥ alayly ool b g ady

| = (FC-0)* Zr AP

b s 3 S gy FC (MM) ol ol o | o] o &8
(MM M) sl | L5 s cagb, 0(mm m) ol

sl (M) 4, 50 os 2T
Gos > g Ay dawgi Jolye b plajen enaY 53 (L]
Ol sl 1o b 4l g98g 3l ey )bl 0 plosl ] Lz
g dwyp JBls a4 ol (25 B a8 el SB oolil B
sbo ol el Sl loj 5l (b lals (Jlo e 53
@l b 2,Sag) cpl 4 b g (6 pSojlul S L e 4,
(Allen etal. 1998) 54 buwlypn dilito (5 yiogunY Slalllas
5 )yl s S awliilsn o] jl (S5L glaosly
5 pesmsY Ges oS bl 1l o)y O Mo Slusle
So G aday 4l 5 Y og i ddy)y She e
1 a5 Baes o b 653,8 Wol 1y L3Lal 0,83 (550
SE oS cd b & Jboj g oS lel slacoy
rslaer phite yoboay oabad Oloj sl ey oo 51,3
gy ady 4l 3 S Cugby 03,5 Llod O (M 3
slmodly 3l oalizl L o 0,83 it 9 05 (ol oy g
Bos OmS lp 05 dnwlxe b pSejlul oyl 5l ol
bl 3 e el ade) Qb Bos (5,8 by 3o
W8S i > ol Bes Mo T Ay e Gos A b
oilBl 2l Gos 2oy3 Froa el (Juad wlio > 0
Qo Ve plpady) S5 e By (alal d>pe ) 9 8L
R OPR ol il ) b adS I Ak LS Bes
ol b Jol8 ygbosy Juad Jsbo )3 gy 35:a8 45 351
sgiodr D980 (=) )l U aly) Ehen g 0ad ol

Gas s i 59y (558 e 53 b sl als

o 4l ey B glassly alie el); copae
5 S 558l 5 o) plan b glandls anl > clls s
skl b plol ey 31 cudlS loj 4 S5 oy
Gllao 5 i ol sl 5 lacils JyuS 5 45 o pde
i g S Cugby 40 glay 516 00,5 Jlos! (0 e dobiy
Jsb 3 258 S5l SBlbl e 5 pienunY (i (Pdaw
5 &bl o517 s Jolb (LSS Slilas 455y i) 090
g 2ed1a &gty gl 9 ST L 0f)le jl g0 3 35
0903l Gillee (2238 b ploil gl a3 0 s Pl
R IS8 53 p kS B S ) i &S p5bas B35 S
Mo (pomed 9 23,5 By a4l 355 plysar Jo 5 Clins
Wby )3 oy ade Olaisdr JiSa )3 0yl pSoks N -
A )d g gldls o S5 4 00l dig 40 358 .0 blod 20348
558 53 2 TS ¥ ol Jgl i 1355 Jlael Sy o
(odogy My Cosi Sl Sy oS U lee JSts gloj
Voolde b opod Cug g gl cud)l Gl 5 Sy
@b ad plxl (Sp Ve U cuda dbjo 3,18 )3 o5 5kS
Cugh dgd S8 1Sy A3 Jli¥l g ado el dawgs
Jol Sl S LS ) p S5k Ve e b g poe
ok 33 3 505 35Skat el 45003 B 5 Jloel a,
908 ol Bl o) cnl Jl Ban 98 ol Jpase
Syt I BU e lasaly (Rl 5 ()9t Bpas

g ady b Jsbo 53 e Gajbo ) o Sl L 950

(ETC) w8 uikey Jomilly (3 25— paead (s
somarY 5 ETC) obS Jauusily 05— e (5 503108l (sl
A oolawl ) dlayly s o o jiSaj

ETc=1+R—-D—D,(6; — 05 Vb,

Ol o 1 (MM) olS Jwsily 5p05— yes ETC abasly ol

SB oo Cugby B (MM) 4y ) drwgd 3os Dyge(mm)



eyl Co e (gl A8 jniae Ay e ol (gana gl

A5 Sl gl 5 0is 2l slaplil gjlolix
S 0355 gty (e al> po & Cud 5 39 LRS!
QB S aB)S e > dspe a s M) e g
(wasld cpl & g sl @ ler plul 5 edgican;
4 0lS (Sdsn 38 Gl g (S dmaagi o odugy M)y Sl
ol e 3,Slas 1y a5, cilises lpe 13 1) O G yuae
owcxed (Milford 2006; Kenter et al. 2006) a»> .
(S5ags b g s N desg oS a0 B
) wBiuse Ll dSles S USS S B
51 edlatwl oplply ((Hoffmann and Kenter 2018)
3529y 9 gk Baa beadllas (pl > olgn plal o393

&bl @525
Sog¥ S3) Gialesl sl )]G ol (1391 2940 4 4255 |
YU ol b oszg s)lel sloe (658,54 Sl  Jlo
o Sb )y 4 o3l 6)lel 4525 ¢9) ] 135 wml 8
5 G e Sldl g (1iSle dwlbre ol
(B Cpl )0 b dgdze Ay il Jalpe )3 035
o503 31 Ol lie oo (sl 15 Jolpe (siizas) psliaiony
o )lhmesiz JoloS (09 il 63, Soe sljline (e Jolas ol
o9y ol (Opricovic 1998) ws saliwwl (VIKOR) 5554
SSmea Jlue 3 (Bile Jooly plulis jslaied,
oo 1l ey cnl 3 2gd 00 wB)S IS 4 0jlneniz
ol by Gilisee Jolye (gl (owp 2)90 Slo)kime oo
235 JoSts Jlo 93 (50ke 5 AVl ©jg0d) W5)1ike
Olysa Lkl g Sle dmg (glil Jole (1 J9i2)
(st A5 R D 4B IS )3 el s ile slaaly )5
@bl g A3y dsye yp 53 (Sy g dBle) olS alsa el
poroscd o Jlone 93 lgieds (5355 0395 Cun; Ol B puaa
—pRg yula) Cute jlae plgieds Jlae 93 a8 Ol

WA Ry y2 (dgu

Ya.

Ay drngd Ol ) (20 o e Jl g iy Fhe
3025 5 Sy b s ablee jloslitl b ad) had Jgbo
oobol 2 s 9 0D (gilwans (Borg and Grimes 1986)

25,5 Al oo ol il ¢ ol gl

(WP) &l (5,90 2
ool )y jlalsye yo > adg o3 Ol (590 0

Y Vb,

Y aSagio y p S oS sy Of (550 00 WP ] o &5
Gy ETC 5 ([1Sa )3 £53kS) (sdgh o35icm
Cosl (S 5> St io) 3y 0)90 Job )3 ol by
.(Payero et al. 2006; Doorenbos and Kassam 1979)

D92 (4Bl 9 S ) ol 2lgm plul 5 (g 0395 I yglate

Mdy Ao pa 0 BS (amd M) e Ot
(Biomass)

ceshinl ol 0,95 e 4 asdllas oyl 5> WiB s 05, o)y
bl p e (pl D el SLL g Sle dawy
ploxl (aLS (Adgy dnwgi (e g Bl Sl g S, 5l (o5 5
Oy 9ol JolS Jlydnal U (0 jow I plal al> o088
drwgd Ao Dgd o Jold ) S pdaw dopd Ve dg0s
Ve dgae U (qplS dang 9 S aw @y Gial38l @ by
&Sl Gloj Sle dlsyo sl o pdaw by Juo)yd
Ver 3gis) odp yiShs 4 S35 b Sl @ ol Sid
JeoS5 31 5 b als e 33 )13 7l 3 (odng) 455 g (30
o il b g aly dobl Joame cudlyp U dugy A,
(Allen et ol olyan (glopsd celaplusl 4y slgo Jlisl o 13,
L i 095 Job 3 (LS by dswsi oljse Al 1998)
W cpes CANOPEO 4ol i o3liul

by dope pn bl 3 2len il 5 yjg 6 pSejlul (ol

3 e 2 Pl prasanY asls gaw dnly I aiged cuils



omadiz &) (S pre o sle ¥ Jgd
Table 3 Multi-criteria decision analysis (MCDA) decision matrix (First year)
b )lse
Criteria
; s ye 3 53 0lS (o A o
S g ol )90 e us)
Biomass water lati h sh
) roductivity Relative growth share per
Jlo e P (Kg m) growth stage
Year Options +) (")
(e s (sl & St i) ™
(A positive sign indicates U <5 tine & S cdle)
that higher values are (A positive sign indicates
preferable) that higher values are
preferable)
(S Jadgs 7Y+ dgdn b cusls 1) olawl als o
Initial stage (from planting to about 10% soil 4.04 7.22
cover)
(S Jadgy AV+ 3905 BN+ ) dawgs dls yo
1 Development stage (from 10% to about 70% 8.48 45.38
soil cover)
(SB Jols Gy GV Sl) o el yo
. . 3.72 41.64
Mid stage (from 70% to full soil cover)
Cuilap b S a8 e ) SLL als
Late stage (from full soil cover to harvest)
(S Jadgs 7Y+ dgdn b cusls 1) olawl als o
Initial stage (from planting to about 10% soil 5.78 7.25
cover)
(S adgy Y+ 3905 BN+ ) dawgs dls yo
5 Development stage (from 10% to about 70% 8.84 46.59
soil cover)
(SB Jols gy GV« ) o el yo
. . 3.95 41.9
Mid stage (from 70% to full soil cover)
iy b S oS e ) SLL als
(cutls Jo o, J) sl als 5o 368 426
Late stage (from full soil cover to harvest)
(S Jidgs 7Y+ dgdn b cusls ) olanl als o
Initial stage (from planting to about 10% soil 5.78 7.25
cover)
(S Jabgy Y+ 3905 BN+ ) dawgs dls yo
o5ke Development stage (from 10% to about 70% 8.84 46.59
Average soil cover)
(SB Jols iy GV« ) o el yo
. . 3.95 41.9
Mid stage (from 70% to full soil cover)
iy b S oS nde ) SLL als
(catls J b ) b als ye 368 426

Late stage (from full soil cover to harvest)

M8 edlital 3550 Q g RS slapadldh (yued 3 5 dpwlove
o3 Li) (359 salold ggerme plgicar S yasld .85
g Aol opyide plysa R (adls g (au5S IS5 Slas
A Ao (Bylixe oyl 53 435 5 Slas o s ol 5li)

J.q: qua.nb 9 Jio.b] );.)lp.p ‘d)‘fw )on pL- (_gl).s
o £95 5l GhmgR cnl lire 93 po ALl 4 d2 g L s
Jhme o oadodmlie JMde oy yide (der (pe yid)
allasls o lgieds ol ke (355085 Jlosyl o lsica,

i 93 ol 540 o ond Alold L 3 a3 )S i )



eyl Co e (gl A8 jniae Ay e ol (gana gl

Solna (bay (nl > Ab duwlon orenai ua ilo )3 jle ]
st951) w5 Gl ) sy aled o SaiSTy ol sloesls &
(Shannon .S’ o cdlyd (6 5YL (5 oAbl ansly (g ymeS
3 OBl (30359 wsyle 93l Gleje 31,5 .1948)
2l a1y 8y Jolye auas) 2l @l Comlas 5 )lub
wal8 b jlas Cucdl 4 baye Sldgyae o polss Ol

N

2959 @S oy bl s

5(Q) 5 (R) «S) lopasls anlons I g 505 b9, 5
Jooly 51 el 5l ekl (ly dean S gunas)
N3 sz 290 (eoll by 9> (4035 (yia) ooy
WS (Bly srn Olie orn pglied bulyd ol 28 o0
B & (65 el 2 ()Ml g a5l 4 s g
9)s

:(Acceptable advantage) Job LB coje Jol by

S g4 i 4 bape (Q) padld jhade o lis
ol g0t byd pl il g5 LB (S 0jlul 4 L pgo

Q(A®) - A™) = DQ

oobol y 43S mesd 9 it e 4 AP g AW T s 8
Ly (DQ) e g tizan (Q) e

A da
DQ=7—7 )

(Acceptable stability in  gwead (s)lul pod by
:decision making)

e gasaias) Jl (o Pl plejen Wb 5y anjS
Slosdy 1) (R) L (Jloay] ool 51 alolé g 902x0) (S)
& WS o oS byl 055 13 ol 45 55 55 (33
A5 5l 50355 (Q) (o5 55 R3S 4 dtenly o lod sl
Bl Mk 8 Al 5 (w025 2,509, 99

yay

O Pl dbml shaied) Vjg s B L g g,
el (Lo )l o ytda b slixe g jline o381 (351l
e &S (5 pobods S o S Sy g p0 (g Q Hle 3,5
O i3 Ls S e 5 Cogllas HelS' a4 5 S0l yiuo
obS 0y e Q olie ol sl Cosllas pau
b (Byre Ak AL S 5 (SIS,

5 OmS e o jle cpyit g Guye Ml bey ol 5
Sy ahold jSlas 5 (Si) (Sig oadJley sbralols ggace
23)5 dplme i by Sl less o sl (RI)

i ﬁ, Yalal,
N fJ ]

_ f; fu] dalas,
R; MAX [ fJ fj_

M N g J slme (59 W d 4035 (sl ] Hlme Hlade fi]
ol Lo ylno

Sala),

*

-R
7

Q= () + A

=

¢R*=M|n| Ri ¢87=|V|aXI Si ¢S*=M|n| Si UT ).3 45

b5 Casllae Sl Bl oy V 5 R=Maxi R

!

o (e ilo 45 W lro (2359 (shake
SBylre (i Cuenl g polaiedy sl (2309
9L s My w9 O Bpan OS) (S maeas
oolol e eJgl 35S0y 03 A plosl oglie (2355 35S,
Sire S (855 2 e gl Dbl a5 8Bl o 45,8
e 93 5b 4 (lo)d B jg) S Cusal (6,505
2o S RO ped Sy b o olais]
9 395 psbods Jlms a9 o > & o9 (el — o9
laodly , diigs SleMbl ie 5 (ST lul 1 pascie



yay

b /Y ojl 53 odgicm; Ol 5y slime (ijg pslaie (vl
el JoSo Cygods g3 slne (g 9 A 03> pus +/A
Aoy (b Su Ll oylgen by geine o (5 yobod 035
009 » Q9 RS (laadls polie (gj5 5oyl &
o o gzl yoil 55 caids) 5 dnwlwe l;.\m 15599
23,5 oo b jlxe 59 yasi il 50 ddy Gl s
oLzl b Camwluss 43565 4y by o (sl 3505 9 Cluwlors plas
Numpy Pandas laabols” 4 Python l5éls,
A5 pbsl Seaborn 4 Matplotlib

Il B3giCumj ) Sdos g (55— pSud W) 093

LS (2lga
sl bl (b g 5 aue a3 o) (:SKle
o oy YO A3y (ol abye Jsbo 5 joy VAY ey
O 59y VO (L dl> o 5 59, AV (Sleo Als yo 59, Y s
Fogskes AWW/O 0 0)93 S (sl 357 s (ke 3
] Al o 5 jta e VYYD § o] e 05 (6 ,iSolul
o duo OYY/F & g dawgs dls o )3 o Lo YOO/D & A,
Foskes FYNO & (S aAls jo )3 (e 5 Sy Sloo Al 5o 3
9 lasyie lagSoilul (ke ol 8l Jals
VeEVIVY Sl adyaise e plal 5 g edgicinnj ¢ Jl
P PSS YAYAD & i) gl alsyo )3 LS )3 p)SolS
&S 9 gy by odiddLES a5 L alEl (SLL dl> e
slalo @lo 2 Sle 5 dnwgi Jolie 3 ohigtr 5 oo
0399 Jsb 53 AB)Alier 0395 j o2 45 3l LS otylo]]
LS D) o &S spsbdr D aSgeSew Ly b Al
BB jsbodr drwgi al> o )3 0395 Al Cas eyl
Ly s 2 b 5 Sl Jlpe 3 9 a8l I3l g
(o g dmgi 135 0)93 &5 Ia3 00 Ui ol pl ) ol
2o 3 Ses d900 9 Sid 03lo zea (sl Jolye (0 et
ol Jlo 3 5 Mg edgicam U ()jy it Jpaee
2o B0 A8 jnie adyy 5 0,Sles 5 S o o5 YE/FA

Jol 45y 4jS il )13y (398 byd 9 10 &5 (J)y90 5
«s,,4 (Compromise solution) asles Jsoly e
45 Sl Gl Cul (See 9o cpl g 3 edie
2l 05 S ol g Lgd (Bpme J9: BB sla ol lyicas
SLl]) ol 4n 5 (oSS Sl g dlitne Larlpd (pold

Sles

00 ] (Nowwmsod o i (gaady (51l (b5,
siasd) @l Bl 5 bl Gl oin sskaied
ey Al slag )l cod 559 byl ol
(Spearman’s rank  yo ol (slas, (Suwed copd
Ol oy opl b edlasl correlation coefficient)
calize (230)j9 gy 9 Jl Jols slodsy o (Sied
Sl plise 9 8800 b5yl Ty (09l — 98T 9 2l 09)
oolol g ol G 3 o0 LS |y (S prena LS L

:(Siegel and Castellan 1988) 1 duwsl>we 4 alayl,

6. d?
nn?-1)
O NS iyl (51455 (Stasan Copi P o 2 &5
ol lodiy 357315 N g (B30)j9 B9y 99 ) 425 2 slvas)
2olie oS gygbdy 945 o HE Y U =Y o3k 0 0 polde

pis g nady YL Hluws (6ylul sdimdjLiS ) 4 Sodp

p=1 b,

Ol 3 sl ajlas (230059 P9y e 4 S Cumlas
Jbo sl Jlo sl a8l )50 (g0l o b gl
Sk Olise U ad dlxe Jlo 93 (1Sle (iznen 9 p9d

20,5 oLl cabizee byld o (sandd, Hldle

93U595 (g, b Comvliws Joloss
039 5 & s ($3048 ) lS Cumlus () jolaledy
oslazw! TOrNAdo jbyges o ive Camwluws Juloo 51 o jlixe

Sl 85 )18 25yl 3)90 a5 2l 4s)y p ol Sl g A



eyl Co e (gl A8 jniae Ay e ol (gana gl

N3 el 9 pom sy 33 w5 4 bl g bl Jolye
Opcdiens R 9 S Q polie (pyide b (SLL alsye g 285
S i 1) Cunsg

Sare 450> 0Lt @l ¢l — (9l U39y b (2o01j9
52le5 a3 (eyls (W= JAVEY 5 E=e VYY) oo L5, i
g E=e/AFAY) Ol (g0 slme 4 Comd syt
o by o g0y o5 Oyl 4y el (W=+/VADY
Srde SNl 5 )l (gyidy (SASTy a3y Jole o
oo Ao 98] gy > i3 e )] (6 S mrenai sy
g2l 4 G (Q) Hlade das Mo Ji8 ialS' Ly (Q=+/VYFY)
e YL (39 1nj )8 Cugli |y 095 Cusge LSy (i
o opl o dls o cpl Cgd 5 ,Slos (2o > AV/FY) s A5
09 (Q=Y) SLL 5 (Q=-/370) ozl Jolpe 28 S5y )
(R) 5(S) plio Ll cxisile (3L pylaz g pgw sad5) 53 yunss
28l I3l s 13y ot Jline (g 8T o8 o]

() JS8) (230)j9 sl 92 2 5l Jol> ol g Jlo
29509 a3LS e (5 yieS S L dnwgs dl> o 4 0y (Lt
ol sl O Gpiae oo (gl a3y Ao je a0 (Q=)
Ol 690 p0) Hhxe 93 ya > e p SYL i b ds e
(o> ¥EIOA s Ay phw 9 cxSoyio g p S 5lS A/AY
O 3o b gl dole plo 4 Cons ()81 <y
5 (il slosis ) *IVYA L ol Q polis b s alsyo
Ml dl>yo 285 8 pgd 45y )3 (955l 039 1) +ITNY
LS sl pylar g pow (o) 0 i 4 Sbl Ay
ol Jlae 93 a0 o] Slhms 5 Sles oaias i oS
958l by J) sdelunty (slagyiy o gl of e
29008 e (59 9 ATV (g A3 oo sline (1)) 93
OsSe g2l 93 p2 > (s ol iy (VY
Sl 8L

yay

YWY @ 5 g o35 jlade pod Jlo )3 09 ;LS
Dy, 3 5 VA @ ddyy p 0 Sles g )y op
Bblie ) aB)xise S 3y s slp 0B A5 polie
)33 o sl ok Mo+ BAD: ol o loges «Sisans
(Allen et al. 1998; »)l> )8 oje, YV« U VFv A,
Kiziloglu et al. 2006; Ebrahimipak et al. 2012)
S A A (S derd blyd )3 A8 )ake ady) 5 Sles
2> (2P BB s Sl e Bl )l 5 o)l Ll
(Mohammadian et al. 2005; Mohammadian et 1.0
.al. 2008; Topak et al. 2010)

sk Sl 3 0SS (sl Slos b duslie )5 oS
d9de bl S Jgame w pB) Ly ol
A8y ) edgicuw aeod (9N (Hoffmann 2010)
245 28 o S (S S) (sigeSm gy K 5l Logas
Sl )3 5 g Sle Jolye 50 S adsl ol )3 45
2 35y s8I ol (MIlFOrd 2006) dusy o Conis 4 092
G g s Jolpe 3 039 Laodles 385 Cu e Cunen
e 02809 Lalpd )3 digg 3)Sdes Joa (ol ady)
Syl usT

iy ol e gauad
— 2955 5 iy (@305 Gsnplies 93 0 v g Jgl Jlo
259 0ALE e (a8 dewgs Alspe () JSU) il
WS PSP a9 b pelaidl s 4 ) (Q=0)
p3lie 1 yieS paiomen dls e cpl ot as s o] ol 4
S g S 0Sles oy yipo o lis a8 cuslb ) R 4 S
Gig b gl )3 sl Wiy Jolye e 3 Slowdy Ay
C)S )8 pgdasy > < IVAY 2l Q lade b (Sleo Als yo il
D9 xS eead ($Lad ) (il 5 Joleie 435 S Sl



Yao

5% ALY

VIKOR Index (Q Value)

295y o3l

VIKOR Index (Q Value)

295 pasls

VIKOR Index (Q Value)

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

1.2

1.0

0.8

0.6 1

0.4 4

0.2 4

0.0 -

0.969 0.965

B Equal Weights
=3 Entropy Weights

0.000  0.000

Js' Jeme
First year 1.000 1.000

@zt Ao Ll
Initial Development Mid Late
iy dlome
Growth Stage
@ Equal Weights s Je—
3@ Entropy Weights Second year

0.902

0.845

0.000 0.000

=0.738 | OK
Q=0.212 | NO

gl dawgh dhe b
Initial Development Mid Late
Ay alye
Growth Stage
= Equal Weights [EESPEy S

=3 Entropy Weights

0003 %932

Two-year average

0.000 0.000

Q!
Initial

anwgs
Development

Ay aloye

Growth Stage

Equal: AQ=0.774
Entropy: 4Q=0.223

dla il
Mid Late

Ol 98l 5 laSe (23 i b asy Jolye sanas, Y S
Figure 1 Ranking of growth stages using equal weighting and Shannon entropy weightin

Sy oAdb.)uuudeoT Cwbd;wby‘y UTQ)“‘\M9

©28 Slowdy 5 (S) 29)5 Cungllas Jlas jl 4 iS ol LolS
5 (9 chrogs A yo oS WS o anl £9590 ().l (R)

Joo atgy gladlas Jool,) flied (059 (bgy

S o

2By 89y e 305 (1 JS3) Sl 93 (50 (oiasy gl
959 89y 2 (e 0)lmedin (6 S mrenal 4 5 S )8
R30)9 1895 93 2 )3 |y pomade 9 5l (gabas) oSN
ol y 21 s (98] 1 e (slaig 9 2l slai)
Wb plolid 4y 35 yoglhe plsisd drwg als o dag L



eyl Co e (gl A8 jniae Ay e ol (gana gl

ool LS (B35y ) 90 dumlie (LB, slaie 5l
2305 bl el bs I oanas) il 23]
shre Caenl g o3l il 1) Jae S8 ©paE g 0]
JB g byd oJle ol b canl 03)8 Cogi | Ji Sl
225 8y JolS ygbay gyl b )3 )59 ) 3 s
B 05l pad 43S g e oy OS] WRd o LS &S
by g2y ool b i US4 (glasdlas ol S5 ol 4l
sy Hlsle slael cubls 5 035 JL8 5 (sanas) g)lul
b9y 3 damg s po a2 ST (o> Ol S e a0
2)lge den )3 ol wiils |, Q e oy a8 g5l (23059
olgieas ) o] Blst 45 295 (slojlulay Slo aloyo b ] alols
~0s 0Py 0 ol 05 (Bpme LSy (Bl Jooly G
48 gaze S e S g0y (oo g drsgs Jolye (955l (20
s 1y (Compromise solution set) il sla Jsol,
Syp b drwg Aoy oS WS o Glo ass opl L0b
ool Bajlne (o Jobs i I g (She alsye g 0392 (oo
@l I b (S5 B,

9 el drwgs dls o oS a3 0 LS S ggerme
5 <l o plojen siloatae &l )90 o polotel LB
)81 i Sle dlsyo ol adlllan 3590 i 53 L3y (2
b ye slaylne a5 ol )0 Wilgs o Lol e disgy 0)l90n
ol 298 rhe (niSole au S plgisa W)l coglgl Ay L
dymly 5 (65,5liS 585 Cupte lp Wlg o sl
Sbgiin wylate (a3y5y lulyd gl javass
S ol )5 (ghied )

Sl w5 Gyt basl ol ()8 i
Dyl o pald ey g aesily upte slaeil il
ol 224 Gl g dng Jole 0 Ol Bmo o 505
Olyisd Slgiee b8 ollid oo (35550 (lgic s aslllas
M5l 450 oy g (Sl ($320000 5 )3 A 3pnly S
Corhd pie @l o 698 (Salen ol wole ) 290
OBl g ol ialS (pKede b |y (o pSmread
St ) ) Jonl Swwy b Sotae hjaely

diloe ol alie (gy5liS

yas

3fes Slo (230))5 U9y 90 32 3 drwgs d e lk
6390 52 syt D90 slime 93 o Sl aloml 3 ol (o8
a3 o Ui Ao oyl ol oaand Ay e § 0395 em 5
5ol Gpae QLS (siludige ) Gl (185 dl> po ol &S
e OMlae ly (Sl sloygd 9 3)b olS A5, ol
dspo e flie 3 D90 Cgune (g5ygliS peite Lulyd )
oW (23059 )idle 4 Cond (g B Cumlas Sl
odimd L (+/IYVY) ol Q e cply (slagyze <l 5 ol
Mo cul gyl o9 o 3 & Jlo p g bawgie 45,
dloyo 5Slos 4 5 (Q= VYY) CL 29t (298 JB yoba
a8l polaid] 5YU i 5l bl o cpl b O3 drwgs
ol Copanl a8l 981 g) 50 (o A ot Jleno
5 035Cun) 25 ol PYL ppw S 4 1) do e
Comluc ol w3 Gl So5glnsd A5, slasnl )3
Wi S lysa Sl Sle dlsye o5 amd e GliS
2 oonsk Ml e (Smeal bl 4 anuly
Coglgl Ol (6900 4 S olS Ay &5 Lo )b
PI039 0B9y 90 2 > Sl g 2l el )l o i
oyl Q pdlie a5 (gyobas cinly L5 365 51 s 3,Shae
Sl s cplcasb 18 Y U /A dos 0 iy @
90392 (yp D90 SB)lme Hlai I Jolye (pl d9ae 2
oS IS 13y 50 jieS e 5 Ol ol 6900 oL
s PI0jy BP9y 90 e bas) ol lul cwl

5 o A, ol 5,50
oo Jl o el (ald (3045, ) ol al> o 42 3]
olS 5l pae (dne o ggdge (pl Ll (28)5 )15 (Sls g dnngs
099 3 S Cogb) el s dje 0 Ol 4y
B g Sl (D e ln gl il 5 (il
By (iags o0l s ol (5508 Mol gy caslio o515
el alsjo Colus gl il I ey & ae3 e Gl
Ao yo Jl oS o 2y s g Ol Bpae ) i
Gl Jel ol codgime bl 3 9 cul dnwg
S 5eS Sy cnngs Als po dy Cod al> po ] )3 005 | S

bl anlgs



yay

Ay 9 (it ogeste slalee polb adlas Jlb
L ks pobs dos cplpls il 00)8" (6550310l ) o
2l de po il ] oS aSl 6,15 3l iy lalllas
5 Seii sy oo U el obes Ao s

..))1.) )1)9 b.wy.o Wa
oolol 1y Ay ol comlus ol Slalllae 1 gk
b Seiedstige gl b (55 5 ady)) (2led 3 )Nes
Sl ergore shme 99 S g (Bymo byl adllas s
&9 4 baiye) (s A5y whew g (lie Copde 4 bgiye)
S 95Ny bl xSpreal Coly Sy ()
Gyl a5 als po ()90 580 9 Sl I (05 (S 5 (a3 LS
i 5 sl o sinca ol el o suS 5 olS5 3] il 00l
oot Jo5 ol 3 4L (3 Shoe She) > Ko oLl
—dlsje (golel (Siytaly sl 65335 Sl g Cosl wiS
0)b)> Ol prine lagiogly b duglio )3 adllbe oyl @l
ol Gpae Cople lp aBiir ab) wre e
Slho g amwg e olulid ) awlol Sales oxad lis
slasl liel (Jlewen pl cwl Slu 6yed lgeds
0393315051 9 oS alall WS oo Cogli |) pSl (Sjglgnjd
Cuanl &5 Conl (25 5 (o5 o)l S &) 3 (Siagd
ol S oo i) e 20y 39 5 o agerte o SOl
500, oSS ) atsdS Oledllas 6)lxe S5 05000 ol oK
iliseo Jolye > Ol Copte caicogll ly 5555 )13

3yglise oald )

4 ) W (o el 5
Sty om ol GG, (Stamed oy @l
2 A5y Jalye canady &l Glis gl 5l B35
e MalS” JLo 93 :Siks 223505 53 (eizpad 5 JLo 93 0

A8y by ol (ewd Comlue a8 iy as g b all
Sided sloShy 4 ki ol e Copte 4 Cuws
o | goaldl o lojon sl 53T o aSly 298 o5 290x0
g dmgi Jolpe caalllae cpl )3 315 518 55 (55— e g Lo
Olie e 5 e lod gl o) b plojer Sl
Lol (33l crge Llgi oo & sl 033gy (3 s
oddosnlie ciglas ¢l pls 99 ol (i 3l s g olS
e S SRy p oo wi) ol Colus
e llpd b Jolhe ool (iiSeny (086 «Sjgleid
Sl o 50 0y80 o e

doye plpica ) Sy dang dopo ol Clillas Sy
sl o3 )3 (Bymo o 15 b delge o )atin il
g (Yontsetal. 2003) ,Kan 5 e o yingh (ko
o 8" Wby olas (Kenter et al. 2006) ), San 5 jiuS
e (S YA doje Jolas) Sy anugs 0)9 1
ol S o0 Sl ol S g ady) 3Shes 3 |y alS
|y drasgs Al yo 45 ol 5l anllas (eloazily | guuad 4ot
e 9 2l Sy it b oy Uolie (S0 lgisa,
sl 035 ol A3,

Gl Copte @l 5 b bl Wil e g
Capund oS &5 A8 o (Byre (sloyga |y (Sl al yo crid i
26 alsse cpl > Ol Gl g 5l gyt Joos S 4
polb adllas e b ol (ol 2> (S 3 )Sdes (6508
wte iaS 5 o Sy 00 S S |y LY Ay oS
Slel ey cpl ) JolS” Slggean )8 (2b5)] (o A3
S (o o |y adlllae (¢ S dons

(Méack et al. ,lKen 5 Slo anllas sile cldlles 5y
Ly eyl 1St S & gl ds e Cuwlus y 2017)
& o515 (el 4 Wlgi oAby ol 5 caslio g )lul pas
F i g a8y p 1) alsjo ol p3l adllas 59 oxie olS
5 oot Jai Sl awage (i oS ol 18 Sl g dngs
ol ) )8 awgte CusBga 13 doyo cpl ¢ o 1) ot
bl )3 Gglis 8L cul (See gias) > Colis



eyl Co e (gl A8 jniae Ay e ol (gana gl

$Bb bjlixe Cuoal > Jone Olpsd 1 Jawe (0L S
ile o

ol €y &l ] Sk o5 ol 65 et o5y ]
S bty &) s Sl anl ) P laan I e
dcgosre JoSuis Jloin! g aidly yialS a5 5 Slos cogles
Slagig 5o (blie ) a8 ool (a8l (S5le sla Jol,
Rlos 5 03,8 Iy ade (5 pranad AnT8 1 jline S Lol
oMb e 93055 S5 ¢l pliy ©355 00yl Al 57y
P ysSuy s &S Wy e olis aSh WS e b 1) Js
6y Slaiel CublB g (600 yondd ¢ olxite (2359 Lol
AN

le—-13+10e-1

8.5

8.0

10

4 ) Sl
aQ

6.5 1

6.0

5.5

0.2 03 0.4 05 0.6 0.7 0.8
(1 sl=e O33) Q33
Weight (w1}

03 e <o AQ Lasls 535 Colus 4300 ¥ JSS
Lo sl

Figure 2 Tornado sensitivity analysis of the AQ
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