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Figure 2. Criteria capability layers for beekeeping: A) Attractiveness layers and flowering period vegetation, B)
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Table 1. Non-fuzzy model of beekeeping evaluation

Dlra ) aib Curdy o Shre s b Caasy e
Sub-criteria Class Status Score Sub-criteria Class Status Score
1 <500 24 z 1 10-17 10.1
_ (°C) Jlad slaole ;o 15a slos &KL
() &l 5l alols 2 500-1200 16 7 o 2 17-25 6.67
. 3 1200 - 2000 6 Average air temperature in active months 3 25-37  3.33
Distance from water (m) ° ’
4 > 2000 0 O 4 >37 0
. 1 >0.9 21.3 1 <10 9
(i 9~ o ,3) Conlds aids
ARG AP e 2 05-09 1491 (22 ,5) it 2 10-40 5.94
Attractiveness class 3 0.1-0.5 7.46 3 40-70 2.97
Slope (%)
(Percentage of canopy cover) 4 <0.1 0 4 > 70 0
1 > 85 14.3 1 0-30 5.8
(G30) 238 o) 2 45-85 1144 (0259) 152 g Cusb 2 30-60 3.83
Flowering period (days) 3 10-45 572 Relative humidity (%) 3 60-80 191
4 <10 0 4 80-100 0
1 <1 11.8 1 0-10 3.7
(oskS) ool & oo s 6 2 1-2 7.79 (km/h) e sl ce w areiny 2 10-30 244
Road access distance (km) 3 2-3 389 | Maximum prevailing wind speed (km/h) 3030-50 1.2
4 >3 0 4 >50 0
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Figure 3. Boolean constraints map for beekeeping development in the study area
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Table 2. List and code of forest types of the study area

s K o
Code Forest type
1 Centaurea intricate-Astragalus fasciculifolius-Gypsophila pallida
2 Quercus brantii-Aegilops triuncialis
3 Quercus brantii-Brous tectorum
4 Pteropyrum naufelum-Astragalus fasciculifolius-Centaurea intricat
5 Quercus brantii-Amygdalus arabica
6 Quercus brantii-Trachynia distachya-Hordeum bulbusum
7 Quercus brantii-Brous tectorum
8 Aegilops triuncialis
9 Quercus brantii-Brous tectorum-Hordeum bulbusum
10 Quercus brantii-Aegilops triuncialis-Carthamus oxyacantha
11 Brous tectorum-Trachynia distachya
12 Quercus brantii-Brous tectorum-Trachynia distachya
13 Quercus brantii-Centaurea intricate-Annual grasses-Annual forbs
14 Quercus brantii-Carthamus oxyacantha-Brous tectorum-Trachynia distachya
15 Amygdalus arabica
16 Amygdalus arabica-Quercus brantii
17 Quercus brantii-Astragalus fasciculifolius-Trachynia distachya
18 Amygdalus orientalis-Daphne mucronata-Lonicera nummulariifolia
19 Acer monspessulanum-Amygdalus orientalis
20 Quercus brantii-Acer monspessulanum
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Figure 4. Plant typology map of the study area
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Table 3. ANP results on prioritization of criteria for beekeeping evaluation model

i KES (=) Juy (a2s) Jo Jox] x5
Criteria Raw Normal (0-1) Normal (%) Ideal Rank
Colde aib
) 0.142 0.24 24 1 1
Attractiveness class
< °,J§ 03 0.128 0.22 2 0.903 2
Flowering period
s cole o Ton los Kl
J e 02 R Sl “’g’ i 0.124 0.21 21 0.877 3
Average air temperature in active months
ool 5l dole
. 0.087 0.13 13 0.613 4
Distance from road
ol 5l alols
o 0.071 0.11 11 0.499 5
Distance from water
Nl 0.034 0.05 5 0.246 6
Slope
| 5 Cy
> ’L) 0.017 0.03 3 0.123 7
Relative humidity
Aol ce e aay
’ 0.013 0.02 2 0.091 8

Maximum prevailing wind speed

Cogae wlhpd g odalin ¥ Jssa 3 1sn s Cusb)
0 Sligpan b 5 PSS s Sl sl s 50
«iao (Linguistic variables) sl b e n 4o
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(prepared by Table 4. Equations and fuzzy membership functions of the eight variables used in beekeeping evaluation
the user with expert opinion)

e $5b Cypae @l

Criteria Fuzzy membership function

Sl 3B e b

Criteria Fuzzy membership function

(Ghingh o) oS culde o 00024 0.0383x +

Plants Attractiveness 0.0398
(Percentage of canopy cover)
. ¢ 0 JK2) ee (5 cypze als
Gao) (28 o5 e«
. . Triangular fuzzy membership
Flowering period (days) function (Figure 5)

() el = 3E-5x2-0.0051x + 1

Distance from water (m)

a) sals ) Alols
(5e) 03> 5 Y=-8E-8x*—9E-5x + 1

Distance from road (m)

(Ao 3)

Slope (%)

=-0.0051x +1

(CO) Jlb slaole 55 15n slos oS0l Y = 9:329E-9x +0.0x* +
Sl b sl o Sk 1 0,003 +
Temperature in active months (°C) 0.011x + 0.1

km/h) L sk ¢ e
( ) Aol ce e anzy Y =-0.0002x2 — 0.0088x +

Maximum prevailing wind speed 1
(km/h)

Y =-6E-6x> + 0.0002x> —
0.0165x + 0.3869

e Sasb) Ao
Relative humidity (%)
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Figure S. Triangular fuzzy membership function of four linguistic variables for the flowering period criterion
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Table 5. Distance from buffers around water sources to the nearest road (m)

ol e S ol ldol w25

Water source code Road distance Buffer value

ol ldol a5

Water source code Road distance Buffer value

26 25 1
11 45 0.998
27 68 0.996
25 100 0.992
7 119 0.99
10 327 0.964
4 351 0.961
564 0.926
18 631 0.914

ol e S ol iAol a2
Water source code Road distance Buffer value

21 677 0.905

20 705 0.899

3 768 0.886

5 782 0.883

12 792 0.881

19 799 0.879

1 1072 0.814

22 1112 0.803

23 1136 0.797

13
17
9
16
14
6
8
15
24

1195 0.78
1433 0.709
1720 0.611
1761 0.596
1806 0.579
2276 0.383
2281 0.381
2434 0.309
2649 0.202
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Table 6. Critical value of vegetation for beekeeping in plant types of the study area
(=) Colinr cladids s iy b o (=) 3,
Canopy ratio in attractiveness classes (0-1) Value (0-1)
Foeagl i g 33
(4e2) : . =W ol TSRS NS PR =53
Total Fumagh e o) N S TRV SN ST SN2
e Class Class Class Class The The final . i ]
canopy | 1 - v attractiveness  value of The weighted Flow‘.:rmg Weighted  The final
(%) ) ] final valueof  period  valueof  valueof
function of the attractiveness . . i
attractiveness flowering beckeeping
total canopy .
period

1 28.1 0.143 0469  0.103 0.285 0.8 0.68 041 0.8 0.32 0.73
2-1 10.5 0.191 0 0.133 0.676 0.4 0.31 0.18 0.8 032 0.5
2-2 8.41 0.499 0 0.287 0214 0.33 0.29 0.18 0.8 032 0.5
3 8.16 0.49 0 0277 0233 0.33 0.28 0.17 0.6 0.24 041
4 19.3 0.161 0.425 0 0415 0.63 0.52 0.31 0.6 0.24 0.55
5 20.8 0.144 0.385 0.144 0.327 0.66 0.55 033 0.6 0.24 0.57
6 19.9 0377 0266  0.201 0.156 0.64 0.57 0.34 0.6 0.24 0.58
7 11.1 0 0.09 0.126 0.784 0.42 0.3 0.18 0.4 0.16 0.34
8 12.7 0 0.102 0.465 0.433 0.46 035 0.21 0.4 0.16 0.37
9 5 0 0 1 0 0.22 0.18 0.11 0.6 0.24 0.35
10 13.1 0 0.237 0.099 0.664 0.47 0.36 0.21 0.6 0.24 0.45
11 9.9 0 0.111 0.586 0.303 0.38 0.3 0.18 0.6 0.24 0.42
12 5 0 0 0.043 0.957 0.22 0.16 0.09 04 0.16 0.25
13 4.6 0 0.174 0.326 0.5 0.21 0.16 0.1 0.6 0.24 0.34
14 19.9 0.01 0.281 0317 0.392 0.64 0.51 0.31 0.6 0.24 0.55
15 9.3 0 0247 0108  0.645 0.36 0.27 0.16 0.6 0.24 04
16 19.6 0.235 0.026 0.561 0.179 0.64 0.53 0.32 0.6 0.24 0.56
17 315 0.152 0.53 0.191 0.127 0.85 0.74 0.44 0.6 0.24 0.68
18 18.64 0.365 0.49 0.145 0 0.61 0.57 0.34 0.8 0.32 0.66
19 28.04 0.221 0.301 0.26 0.218 0.8 0.68 0.41 0.8 032 0.73
20 37.8 0.294 0.492 0.124 0.09 092 0.82 0.49 0.6 0.24 0.73
Average S\ 0.16 0.22 0.26 0.36 0.52 044 0.26 0.62 0.25 0.51

P e S50 e ISl 5o (gl 585 Ar s sl andlas 550 ailte 5HI slanaly oL5o) =V Jsas

Table 7. Evaluation of work units in the study area for beekeeping development in conventional non-fuzzy aproach

Value 23l
. - — b b
aly o Colda aib pa By A e g ROV RN PRI i €acs .
YUY [P VIR ; ) lon oy s ) i Capability
Unit Attractiveness Flowering ool ) Relative Wind (a2
Water access . Temperature Slope . class
class period  Road access humidity speed Sum (%)
1 16.8 1491 5.72 11.8 333 5.42 3.83 2.44 64.2 S2
2 16.8 7.46 5.72 11.8 3.33 6.16 3.83 2.44 57.5 S2
3 16.8 7.46 5.72 11.8 333 5.24 3.83 2.44 56.6 S2
4 16.8 1491 5.72 11.8 333 4.41 3.83 2.44 63.2 S2
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Value 25,

Al Calir aab o8 00 A e s Susb) Bb e € ain S MJ’
Unit 2l Attractiveness Flowering ool sl Relative Wind (2 ,2) Capability
Water access ] Temperature Slope o class
class period  Road access humidity  speed Sum (%)
5 16.8 14.91 11.44 11.8 3.33 5.71 3.83 2.44 70.3 S1
6 16.8 7.46 11.44 11.8 333 6.25 3.83 2.44 63.3 S2
7 24 7.46 5.72 11.8 333 6.36 3.83 2.44 64.9 S2
8 16.8 1491 5.72 11.8 333 5.82 3.83 2.44 64.7 S2
9 16.8 14.91 5.72 11.8 3.33 5.62 3.83 2.44 64.4 S2
10 6 7.46 5.72 11.8 3.33 4.7 3.83 2.44 453 S2
11 6 7.46 11.44 11.8 3.33 5.23 3.83 2.44 51.5 S2
12 16.8 7.46 5.72 11.8 333 4.71 3.83 2.44 56.1 S2
13 16.8 7.46 5.72 11.8 333 4.89 3.83 2.44 56.3 S2
14 6 7.46 5.72 11.8 333 4.51 3.83 2.44 45.1 S2
15 16.8 14.91 5.72 11.8 3.33 5.81 3.83 2.44 64.6 S2
16 16.8 7.46 11.44 11.8 3.33 4.87 3.83 2.44 62 S2
17 16.8 14.91 11.44 11.8 6.67 3.97 3.83 2.44 71.9 S1
18 16.8 1491 5.72 11.8 6.67 4.14 3.83 2.44 66.3 S2
19 16.8 1491 5.72 11.8 4.44 4.83 3.83 2.44 64.8 S2
20 6 7.46 11.44 7.79 4.23 4.19 3.83 2.44 474 S2
21 16.8 7.46 11.44 7.79 3.37 5.88 3.83 2.44 59 S2
22 16.8 14.91 5.72 7.79 4.52 4.83 3.83 2.44 60.8 S2
23 16.8 14.91 5.72 7.79 6.67 438 3.83 2.44 62.5 S2
24 6 7.46 11.44 3.89 4.52 6.05 3.83 2.44 45.6 S2
25 6 1491 5.72 3.89 5.88 4.74 3.83 2.44 474 S2
26 16.8 1491 5.72 3.89 6.67 3.92 3.83 2.44 58.2 S2
27 16.8 14.91 11.44 3.89 6.89 4.49 3.83 2.44 64.7 S2
28 6 7.46 5.72 7.79 5.45 4.69 3.83 2.44 434 S2
29 6 7.46 11.44 7.79 5.03 5.32 3.83 2.44 49.3 S2
30 16.8 1491 5.72 11.8 6.11 4.8 3.83 2.44 66.4 S2
31 16.8 1491 5.72 11.8 6.67 3.03 3.83 2.44 65.2 S2
32 16.8 1491 11.44 7.79 7.41 4.64 3.83 2.44 69.3 S2
33 16.8 14.91 11.44 7.79 10.1 5.29 3.83 2.44 72.6 S1
34 6 7.46 5.72 11.8 5.93 6 3.83 2.44 49.2 S2
35 16.8 7.46 11.44 11.8 5.23 5.5 3.83 2.44 64.5 S2
36 16.8 1491 5.72 11.8 6.4 5 3.83 2.44 66.9 S2
37 16.8 1491 5.72 11.8 6.67 3.08 3.83 2.44 65.2 S2
38 16.8 1491 11.44 11.8 7.2 3.02 3.83 2.44 71.4 S1
39 16.8 14.91 11.44 11.8 10.1 4.83 3.83 2.44 76.2 S1
40 16.8 14.91 5.72 11.8 4.06 4.59 3.83 2.44 64.1 S2
41 16.8 7.46 5.72 11.8 5.15 6.43 3.83 2.44 59.6 S2
42 16.8 1491 5.72 11.8 3.83 4.24 3.83 2.44 63.6 S2
43 24 7.46 5.72 11.8 3.38 4.49 3.83 2.44 63.1 S2

44 16.8 7.46 5.72 11.8 6.67 6.89 3.83 2.44 61.6 S2
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45 24 7.46 5.72 11.8 6.09 4.86 3.83 2.44 66.2 S2
46 24 7.46 5.72 11.8 6.67 6.25 3.83 2.44 68.2 S2
47 16.8 14.91 5.72 11.8 6.67 5.59 3.83 2.44 67.8 S2
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Figure 6. Beekeeping capability class map (right: F-MCE approach and left: non-fuzzy approach)
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Figure 7. Percentage of beekeeping capability classes in F-MCE and non-fuzzy approaches
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Table 8. Description of the differences between beekeeping capability classes in the two studied evaluation approaches

b, Sl s G
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Differences in the results of approaches ’
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The similarity of the results of approaches

Area (ha)  Percent Area (ha) Percent
F-MCE Non-fuzzy 36 & F-MCE Non-fuzzy 3\ &
S3 S2 64.6 0.7 S2 S2 5145.8 57.4
S2 Si 330.4 3.7 S1 Si 234.6 2.6
Si S2 3189.3 35.6
Sum [ 3584.3 40 Sum [ 5380.4 60
oblS Culin pam 5 ()15, 585 Jrmiln bl sl 3

4 sl ol a8 el s Jos s 555 0linad 55 50 5 o
> Spza ssba s b 585 el s.j 4w
Yari ) azsls )3 @‘3 ot g Olme Bl e 5 20 48,
Gy gyl 5o Lo o) sy cde et al, 2016
Cwndy S 5l b ol e 1) <l 4 s Olora
B 5 cdls Gl slaailate o g mlie 281,
s Codgdme sbaalin] s Ools 4 oly e LY
ladas 3 Sl cnl I8 55 g5 b oo s S
A g ewd Cudgdoe &S Sl s S o Ll 4B, Sy
(0] 5528 3l 5 BB Lis) Sas bl s O]
el Csbaad 5 b e Gl Sl sl e
O Sz 6L’=m15‘ B ».j - IS W 1
R NS S PN B S S ST RS- TR S EPR EN
S U i e oS ol 5L 550t iy @S
568 5 F-MCE S0, 55 53 (S1) Gins (64055585
YP/V Sl pos e (Y JS2) 5 o 4 S5 5wl
lacussime Joa adllae )50 e cL'w S e,
Jlisay BB LS nig semy Cuspame L) s
055 286 abis ) by (g 5Ss Gl a5 5 25 K
elie Jama L) sy Ll s gy ool 085 1 oY

U’"’“"CL doyy blae a5 5l olis ANP C'L"
Ion los ks ‘gmg}g 5595 «anld aib 2 s u;a:\..f
Al (el sl esls s 5 Jb glaele o
aibate 55 oola,585 2Ll s ol U Jsl glac
P i sl coss Cy ol s Al 55
°‘)""‘SU”""" u,...m ‘UJ_}: bJ.'..ZS.))J;u u\y&“-* aa\bas u-" BEl Y
UL.... > g5~ )’\ 6)\3)}:5)' r<*““/" AR A.a...la )L?q\ BN 6\
o F. Amiri (Y- \+) Murayama , Estoque CL“ Lol
5 Gorgi 5 (Y-\9) oL, 5 Yari (YY) o, K
Solae (menls ol Gl (YN) LK
ssba (e 5 poler Gbca o) O 5 esle 4 oo i
5 X9 1,585 Sl el e kS s AiS ekl Jgane
r{\.....a/" ARIRPRY A.c..la sl s gP}"J"b L L PR PN gy
sl (N)
ax 5 b va S (2 sa 53 s ke SRRy
J.’é\.x;. Od2 O )'\ B ;.)T A gD u*‘f Cod 9o
sbasl glaly 3 by @l Gl oY Ll s
5 Fadai «(Y-\Y) Shariff ; Amiri Jw g saz 2|8
Log (Y-N4) oL 5 Gorgi 5 (Y-V\YF) oL, K
Sl (YVA) o,Ses 5 Gorgi el b S



oy

gl SMNs) (g3 sms 5 8l saakols wan] sl jias
oot St 55She slasbes Ul o el ol (B
ol 53 8,8 LB A 3,5 olaess ol culls
4 200 Sla s aRie g5 dae Sty
g,a.\e.j)\ 2 <<oU=L.5 u,-NJg 059 5 Calday Hlae

WJ"\“ Q.’\ Jj!)\s..\.w M;JSQjJW 6)\))}.:5)
5 sl o byl o | QT o lae ciylas By,

Goazad 2 5d e Mgy SOl 2L slates
BE QT )\ osla!l F-MCE )&bb 6L’\J“ 4_,4;.},L,

1T SR L PN LR A I S P P TS

Ll cpl 5o 058 0 a5 f<e.° ) bl 5 uwgb'
L lslae (385500 @5 s 05 gy il 4 ax g

el (955, aadllas 550 bl ol Lol 2

solaiw! 8590 ol

- Abou-Shaara, H.F., 2013. Wintering map for honey bee
colonies in El-Behera governorate, Egypt by using
Geographical Information System (GIS). Journal of
Applied Sciences and Environmental Management,
17(3): 403-408.

- Abou-Shaara, H.F., Al-Ghamdi, A.A. and Mohamed,
A.A., 2013. Identifying possible regions for using
modified beehives in Saudi Arabia using a
geographical information system (GIS). Journal of
Agricultural Technology, 9(7): 1937-1945.

- Adler, M. and Ziglio, E., 1996. Gazing into the Oracle:
The Delphi Method and its Application to Social
Policy and Public Health. Jessica Kingsley
Publishers, London and Philadelphia, 252p.

- Albayrak, A., Duran, F. and Bayir, R., 2018.
Development of intelligent decision support system
using fuzzy cognitive maps for migratory beekeepers.
Turkish Journal of Electrical Engineering and
Computer Sciences, 26: 2476-2488.

- Amiri, F. and Shariff, A.R.B.M., 2012. Application of
geographic  information systems in land-use
suitability evaluation for beekeeping: A case study of
Vahregan watershed (Iran). African Journal of
Agricultural Research, 7(1): 89-97.

- Amiri, F., Arzani, H. and Gavili, E., 2013. Diversity
investigation of pollen and nectar plants in apicultural
utilization management of rangelands (Case study:
Ghareh Aghach watershed). Journal of Natural
Environment (Iranian Journal of Natural Resources),
65(4): 449-460 (In Persian with English summary).

Vool Yo uls ol ssio 1K Sl e 4y i

EE ST RE - JUNHER DY N e R g gt
2 IN) el s aib 6l LS ol s sunlie
9955 o3 DLSS e gamae 512U Lol 25 90
el S0 LSl

Yari (Y-\¥) ) ,Ka» 5 Fadai sl goaae el Lo
5 Gorgi 5 (Y-VA) o, 5 Gorgi (Y- \9) o), K
bl o ol0r585 sl o)) el (Y1) o8
3 Ol o aeslie pl W) bt auylie Giliies
53 sl by S0 gblie asliae sy 5 Jae Lol 2
A oo w8 SLo slobae 5 b,
B C N P P S R P RGN Y I g S T P LTS LR W N,
K03 plased ssbar o e (56 LSl 5 oolgay
Ll ol ssbua as GLol sl 4o e
B P T W S R S ST AR § 5 e le
Sar Bls ol o s @ S 5 LSy 55 )5Sk
S8l 53 o 5ol s8 Skl b slaaid e uo s ¥
sl ol ol i (A Jsas) sl odesl S
Sl s a8 il bl Llaas £ 4 (4o VO/5)
Sy aib 55 e Bas 5o 5 Sioakdb plsea olgiay
5800 ol ol olee 1 bosls ) wmas S5
el 55 S slaads FAMCE LSal, 5 4 \Sa ool
4ol &S 5 Sas ki 5l e, s Sl
36 el 3l ealimal b bl a5 (18 350
Clﬂ-wﬁ JW\C«JQW@}\&#QE;JBJJL)
e O Sl pimen 0sd e a0 2 Gbasls
o sl f\» o S sl sl 138 50
Js (Zadeh, 1965) oS sla lms it 6\ 55!
Sauh 2SNy ol s claml gl s85 L5
ool o Jbal abi 4 s 3K Gl e oSl
il 83 S a3 adllae 5 ) 50 dilate (1) 85 ulilS

Cudgdoe omdn oty n b s ool o
ol 5 Ol e ies 51 015,585 60 Sl 2L
Plis,| sl 2y e bl ALl ], L

PL 4S .)_9.»@ .)‘.@J...u.» S Wt OR up_,..a.:- g))\ PL



e obmeniz 36 SL5l LS, (e

Criteria Evaluation. Geographical Research, 50(3):
304-319.

- Garcia-Fernandez, C.G., Ruiz-Pérez, M. and Wunder,

S., 2008. Is multiple-use forest management widely
implementable in the tropics? Forest Ecology and
Management, 256(7): 1468-1476.

Ghanbari, S. and Nemati, Z., 2018. Study on spatial
suitability and economic evaluation of beekeeping in
Arasbaran region and beekeeper’s problems. Animal
Sciences Journal, 31(119): 83-92 (In Persian with
English summary).

Gorgi, M., Piri Sahragard, H. and Noori, S., 2018.
Application of fuzzy logic method to investigate
beekeepers potential in Tamin rangelands — Mirjaveh
County. Journal of Natural Ecosystems of Iran, 9(2):
81-102 (In Persian with English summary).

Gorgi, M., Piri Sahragard, H. and Noori, S., 2019.
Potential ~analysis of beekeeping land wuse
development using Analytical Hierarchy Process
(Case study: Tamin rangelands — Mirjaveh city).
Geography and Development, 17(55): 237-256 (In
Persian with English summary).

- Hayati, E., Abdji, E., Majnounian, B. and Makhdom, M.,

2014. Performance and sensitivity of the Delphi and
AHP decision making methods to the response of
experts in natural resources research. Journal of
Forest and Wood Products (Iranian Journal of Natural
Resources), 67(2): 173-186 (In Persian with English
summary).

Isaacs, R., Williams, N., Ellis, J., Pitts-Singer, T.L.,
Bommarco, R. and Vaughan, M., 2017. Integrated
crop pollination: Combining strategies to ensure
stable and sustainable yields of pollination-dependent
crops. Basic and Applied Ecology, 22: 44-60.

Karimi, A.H., Nazarian H. and Jafari, E., 2007.
Identification of Fars honey bee plant resources from
three families in Fars province (Asteraceae,
Papilionaceaec and Lamiaceae). Pajouhesh and
Sazandegi, 75: 101-111 (In Persian with English
summary).

Makhdoum, M., 1993. Fundamental of Land Use
Planning. University of Tehran Press, Tehran, 289p
(In Persian).

Mardani, F. and Yousefi, B., 2005. Phenology of
Quercus brantii (Lindl.) at Kurdistan forests of Iran.
Iranian Journal of Forest and Poplar Research, 13(3):
251-278 (In Persian with English summary).

M’Gonigle, L.K., Williams, N.M., Lonsdorf, E. and
Kremen, C., 2017. A tool for selecting plants when
restoring habitat for pollinators. Conservation
Letters, 10(1): 105-111.

Najafifar, A., 2017. Presentation of comprehensive
model of land use planning for multiple uses in

oY

- Amiri, M.J., Mahiny, A.S., Hosseini, S.M., Jalali,

S.Gh., Ezadkhasty, Z. and Karami, Sh., 2013. OWA
analysis for ecological capability assessment in
watersheds. International Journal of Environmental
Research, 7(1): 241-254.

- Ariapour, A., Mehrabi, H. and Kheradmand, G., 2015.

Evaluating range plant species suitability for
apiculture (Case study: rangeland Sarab Sefid,
Boroujerd, Lorestan). Journal of Rangeland, 9(2):
142-158 (In Persian with English summary).

- Arzani, H., 1997. Manual of rangeland assessment plan

in climatic zones of Iran. Published by Research
Institute of Forests and Rangelands, Tehran, Iran, 65p
(In Persian).

- Baude, M., Kunin, W.E., Boatman, N.D., Conyers, S.,

Davies, N., Gillespie, M.A.K., ... and Memmott, J.,
2016. Historical nectar assessment reveals the fall and
rise of floral resources in Britain. Nature, 530: 85-88.

- Cesaraccio, C., Spano, D., Snuder, R.L. and Duce, P.,

2004. Chilling and forcing model to predict bud-burst
of crop and forest species. Agricultural and Forest
Meteorology, 126(1-2): 1-13.

- Darvish Roushan, Z., Mahmoudi, J. and Habibi

Bibalani, Gh., 2021. Investigation of flowering period
of Astragalus genus in Shanjan rangelands of
Shabestar city based on altitude changes. Journal of
Plant and Biotechnology, 15(4): 1-15.

- Eastman, J.R., Jin, W., Kyem, P.A.K. and Toledano, J.,

1995. Raste procedure for multi-criteria/multi-
objective decisions. Photogrammetric Engineering
and Remote Sensing, 61(5): 539-547.

- Estoque, R.C. and Murayama, Y., 2010. Suitability

analysis for beekeeping sites in La Union,
Philippines, using GIS and multi-criteria evaluation
techniques. Research Journal of Applied Sciences,
5(3): 242-253.

- Fadai, Sh., Arzani, H., Azarnivand, H., Nehzati Gh.A.,

Kaboli, S.H. and Amiri, F., 2014. A Study of range
suitability model for apiculture by using GIS (Case
study: Taleghan rangelands). RS and GIS for Natural
Resources, 5(3): 29-44 (In Persian with English
summary).

FAO, 1991. Soils Bulletin 58: Guidelines: Land
Evaluation for Extensive Grazing. Food and
Agriculture Organization of the United Nations,
Rome, Italy, 158p.

FAO, 2019. Value of Agricultural Production.
FAOSTAT, Food and Agriculture Organization of
the United Nations, Rome, Italy. Available at:
https://www.fao.org/faostat/en/#data/QV
Galiana-Martin, L. and Karlosson, O., 2011.
Development of a methodology for the assessment of
vulnerability related to wildland fires using a Multi-



00

Symposium on the Analytic Hierarchy Process
(ISAHP). Kobe, Japan, 12-14 Aug. 1999: 14p.

- Wang, L.X., 1997. A Course in Fuzzy Systems and
Control. Prentice-Hall International, Inc., Englewood
Cliffs, New Jersey, 424p.

- Windle, P.E., 2004. Delphi technique: assessing
component needs. Journal of PeriAnesthesia Nursing,
19(1): 46-47.

- Wratten, S.D., Gillespie, M., Decourtye, A., Mader, E.
and Desneux, N., 2012. Pollinator habitat
enhancement: Benefits to other ecosystem services.
Agriculture, Ecosystems and Environment, 159: 112-
122.

- Yari, R., Heshmati, Gh. and Rafiei, H., 2016. Assessing
the potential of beekeeping and determination of
attractiveness range plants used bee by using
geographic information system in Char-Bagh
summer rangelands, Golestan. RS and GIS for
Natural Resources, 7(3): 1-17 (In Persian with
English summary).

- Zadeh, L.A., 1965. Fuzzy sets. Information and Control,
8(3): 338-353.

Vool Yo uls ol ssio 1K Sl e 4y i

southern Zagros woodlands (case study, Ilam
province, Badreh Township, Kabirkouh). Ph.D.
thesis, Faculty of Forest Science, Gorgan University
of Agricultural Sciences and Natural Resources,
Gorgan, 341p (In Persian with English summary).

- Pamminger, T., Becker, R., Himmelreich, S.,
Schneider, C.W. and Bergtold, M., 2019. Pollen
report: Quantitative review of pollen crude protein
concentrations offered by bee pollinated flowers in
agricultural and non-agricultural landscapes. Peerl, 7:
€7394.

- Picknoll, J.L., Poot, P. and Renton, M., 2021. A new
approach to inform restoration and management
decisions for sustainable apiculture. Sustainability,
13(11): 6109.

- Potts, S.G., Imperatriz-Fonseca, V., Ngo, H.N, Aizen,
M.A., Biesmeijer, J.C., Breeze, T.D., .. and
Vanbergen, A.J., 2016. Safeguarding pollinators and
their values to human well-being. Nature, 540: 220-
229.

- Saaty, T.L., 1999. Fundamentals of the Analytic
Network Process. Proceedings of the International



Iranian Journal of Forest and Poplar Research Vol. 30 No. 1, 2021 56

A fuzzy-multi criteria evaluation approach for the evaluation of forest capability
for beekeeping use

A. Najafifar ", M. Mohamadpour ? and M. Tahmasebi ?

1"- Corresponding author, Assistant Prof., Research Division of Natural Resources, Ilam Agricultural and Natural Resources
Research and Education Center, AREEO, Ilam, Iran. E-mail: alinajafifar@yahoo.com

2- Assistant Prof., Research Division of Natural Resources, [lam Agricultural and Natural Resources Research and Education Center,
AREEO, Ilam, Iran

Received: 03.11.2021 Accepted: 22.02.2022

Abstract

Integrated forest ecosystem management plays an important role in controlling degradation
and balancing its various functions for the sustainable use of all available capabilities. In this
regard, beekeeping is one of the most suitable multiple uses of the forest. The purpose of this
study is to introduce a fuzzy multi-criteria Evaluation approach (F-MCE) to determine the forest's
capability for beekeeping and compare it with the conventional non-fuzzy approach. In this
regard, beekeeping capability in 16825 hectares of Zagros forests in Kabirkouh region of Ilam
province, Iran was evaluated by the two approaches in four classes and the results were compared.
Evaluation criteria were the same in both approaches and included the percentage of the canopy
of plant attractiveness classes, flowering period, slope, air temperature, relative humidity,
prevailing wind speed, and access to road and water. The weight of the criteria was determined
using the Analytic Network Process (ANP). In F-MCE, the values of the criteria were determined
using fuzzy membership functions and the criteria were combined by the Weighted Linear
Combination (WLC) method. Then, beekeeping capability was digitally evaluated using the
Multi-Criteria Evaluation method (MCE). The results showed that 40% of the area of beekeeping
classes differed in the two evaluation approaches and the main part of this difference (35.6%) is
related to the areas that were evaluated in the F-MCE approach in the good class (S1) and in the
traditional approach in Moderate class (S2). This difference in results can be attributed to the
different methods used in F-MCE in which the adverse effect of boolean and subjective criteria
evaluation in the traditional method is avoided through their digital evaluation with fuzzy logic.

Keywords: ANP, fuzzy logic, MCE, Zagros forests.



