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Figure 1: Study area- Semnan watershed

5- Multi Objective Land Allocation(MOLA)
6- Multi Criteria Evaluation (MCE)
7- Decision Line
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8- Artificial bee colony algorithm
9- Scout bee

10- Employed Bee

11- Onlooker Bee
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Figure 3: Flow chart of bee colony algorithm
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12- Crossover
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13- Sub-Objectives
14- Relative Dominance
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16- Multi-Layer Perceptron (MLP)
17- Landscape Ecology
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18- Number Patch:

19- MN-Area

20- Largest Patch Index
21- Landscape Shape Index
22- Contiguity index

23- Patch Cohesion Index
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Figure 7: Suitability map of landusesA) IndustrialB) UrbanC) AgricultureD) Rangeland


http://geographical-space.iau-ahar.ac.ir/article-1-3207-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 5:12 IRDT on Thursday June 11th 2026

ective function value

= 046 -

Ob

o e G AR ) glike @3 (ya0) 4308 Wi AR § Juus 55 ) (B 9IS 9 5595 90 sl

0.75 T T T T T T
0.71

T

0.66 =
061 -
0.56
0.51+ e

0.41 1 I I | 1 |
0 25 50 75 100 125 150 175 200

Iteration

IS A s S @\: 23l s gad A IS
Figure 8: Diagram of the objective function values in each iteration

(1)

-
Bl e
B o sy

B sy

Tl 0y o,

V25 Yo )5 Voo 180 Yoo )5

Lol gz sbml (W Jold Jos 5555 S5 0,81 3 s (5l )l S5 (b 3 (o21)) (508 panats (5luang 58 IS
‘..:.u‘,f.ll WSS b s b el s 0 (O Balas 4

Figure 9: Optimization process of land allocation during different iterations in bee colony algorithm, including A) Creating a
pseudo-random solution,B) Improving solutions during algorithm repetition

o5 68 Gl e IS8 el 5 laas slaas falS dear Sl e e Sloww laazis )
B ny| O__sjjgf)ﬁ .h.uj] aS Q,:.a)'ﬂ LSL‘“:“ )'\ 6J¢)b) ny| O‘lJ:g)}'.’ up-l.; < Claw U’S'<"L$" Ji.lb'.é\


http://geographical-space.iau-ahar.ac.ir/article-1-3207-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 5:12 IRDT on Thursday June 11th 2026

W4 les £ o lach caleas Sl aldl yha sLdd sals saslilad oY

4 C,.w.u ‘_}.w.&)}.q) L;L:JS‘ J}iij) BL u;,m;S LSZW}:?. u,,a;-u 9 C)J‘j\eu uﬁ.?-LJ: (o Jleil LS;’)LS
DS 3 S s ol o8 e G sl (S5 ,d0 5 Saw o sdas 0L SKes MOLA 5 s

Al e Jsd LB 5 oS 68 upsllas JalS Sl pens ASL s

S350 ERRR U N Ul B R ST 3 350K A39300E S3Ca5'0"y
()
- F
L3 =
4 b i
97 B
& “
E £
4 B
=7 o
£ £
A L&
& g

Y T T

S 9 (S ;‘_gbéf (85098 2l 6,8 v panass ali N JS.:»
Jes 0385 S8 @8 — sl s Ky, (LI

Figure 10: Map of optimal allocation for agricultural, rangeland, urban and industrial landuse
A) Simple approachB)Beecolonyalgorithm

SIS 2 )y Sloow (polidip smlaazin 5 Congllae ot 51 g5 50 aemlie ) Jgu
Table 1- Comparison of two methods from the perspective of suitability and landscape ecology metrics for each landuse

e (Sl wurﬁ sl st
. 3
[} P
2 = z 4 y e
£ o = _ : N i o G| LIS Lt sl s
§ = S| 2 5| 2| v
<6} =z x N
< o) <
O O
AV/ENE | v/TvTa o VY | vy | v | owve |oYees s
WY | AT VU vy | ey | oAe | oemar | e s
MOLA s,
4 AYY | /Y0 £Y VINY | v | WA | ey | A Coaslis
VFYY | aAVeY | vge | Yamy | gar | ede | o) | oAt S
axar | AT Yoo [owey | oeava |y | evsa | Yees e
QE/AYE | /o1y Aee VWl e LY At | e ORI ST PSPV TS
QE/Yas | osAN | OYAY | ey | veoAa | oYY | v | A Goaslis e
LV.VARE\ ARYS \\eo Vo/+ Y £/AQ \A +/080 AR &



http://geographical-space.iau-ahar.ac.ir/article-1-3207-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 5:12 IRDT on Thursday June 11th 2026

or e A (AaAS 5 gl d (30 Adud Wi yanadl g Juus 9 (8 9IS 8 S 999 sl

& S 4o

2 Sy Saus 85 5 55 ede MOLA 5 S0y, cins b 5l (Sows S oslil &5 5 boles
b S aly jolasl gladshe dlail e 4 (Soosn il oo oS S8 4 G paeass
o he Cod Blas L eSO KL S SCoglad b (8.8 15 pme 4 (S50 5 il e Sden
S e S Q\Jf,.uj}f 5N ol e MOLA 5 S5, (Eastman, 2015) Ll o co>lows
ple S (Akbari et al., 2017; Rezvani et al., 2018) .l sl o5 5 ;84 andlas 5540 Gbls 55 5l
Comdsn 5> SAS|y sbml Corge ST aSOT 53 ol S e SIS S shee 4 ey
sdate Sliiss 55 48 Wil e 3,05, opl cind bl 5l SO a5 e 6,08 SO @ asl ol gle S
(Sante’-Riveira et al., 2008; Dai, 2010; Salman Mahiny et al., 2014; Kamyab et al., .l s oLl ol @
el Jsosi o e Susl, ialS 4 e sd> Bl 2ld 5l eslanul 4 S1.(2016Sharma & Less, 2004,
Sy a5 e adlie 53 5 50 DML ) 5l ramen 5 8 8 Clas D3, ep 4 e IS
i Db @l p Laslhe Sl 0w AL el fes 55 SIS ST S5 Sl ealinl
53 e O 51 a8 el ois 3 51 (608 slaasd (Saeg 5 (53585 5 e e Slowms (slaazmin 5 511,
S dle 115 glann S 51 eslinal w53 s slatass Al e e e Soasl
(Ma s yeas sosl o (Liuetal., 2014) a5 5515 (Cao et al.,,2012; Kamyab et al., 2016) x5
shee 8 b s (gl (Salmanmahiny et al., 2014) ous (g3le and 2,45 &S (and Zhao, 2015
3 ALt a1 eslinal IS oS Aol o) S e 5 (Sagm 5 S50
sy5m 035 SR L LSl (65t e (Kes Sl el 55 5 s &Sl 5 L AL e
Sk ol 5 b e il sl S s LSl 68 slaas il g laesls SIS SSE a5 caxlas
eomed 5 ool 4k s e lag i ral Sl eslinad 10 53 5 e Sl Ol o ples Ll 4 e
Slp oslinal 3550 Olos 2alS 5 eslinal 3550 0, S Ol (Rl 4 e Balad 4k gla Jooly sl
Yang et al L ool sy mls o iS Aol Jtagh opl ml 338 e ang S5 Ol & O

Al o (2015)
© 5 (Cuietal, 2018) s s sl o) SKed o oz Sl Blas sy 5 53 s 55003 u;;s(.;wij\
2! s> (Cui et al., 2016; Shi et al., 2016; Song et al., 2017) 5 5 & ;b S > ag ¢\> B
i os (g e S 5 DML lil e dalial e sl S sl 5 S0 ) Sl eslinal b s,
BB Cad 3 S pliles 38 e 55 e S o Kes e 5 2D Rl s e ol
sdoy 2l San 4 sl SLSS Ve s s ollae 1S53 BB sl ol 5SS 00 o oy SN s S edalia


http://geographical-space.iau-ahar.ac.ir/article-1-3207-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 5:12 IRDT on Thursday June 11th 2026

W4 les £ o lach caleas Sl aldl yha sLdd sals saslilad of

e, S s ol S (VL S il o il ol S 53 S0 o, 5801 (VL e s ULES oS- o

(Cuietal., 2016) 51> w5 L 5l oLz
Sl s e G ke Oman oblpe e S1 Ganass dnl e (53,08 5 (Saeg s 8,5 B
Sl gl e Sl i eSS le plaan e b ooglsen 4t ol 4 Odaeey bl 3l addaie SOl
5 Stwgm Sl 31 eslizal del Cowse = 5« boles (Kamyab et al, 2016) Ll s ol en ol
oS Aol s cpl 4 sk e s )l SIS Csllae alS 4 e S S Lanas s (St
S S5 5 cnls 4 Ol jan o L AiL o (Kamyab et al., 2015: 2016) alo 3l 4un) ool 3 sdaze Soliiss
G G e e s gllas Sl Sl Aol ax ST laasd (Ko gy i e e (Slon
(S5 Ol (Sl slacdled y sdaze e SUT (Gols ST oo o Sl SOT 4 a5 b S5 355 s
25 Ol e sl 550 0, S 55 (Ca0 et al, 2011) ol slrms (glagpn e o pke 5 LSS 1S
5 S Casdlae Sl 1y G518 (S208 Gua wU o sasta 5 edlinad 550 S wls O35
AT 53 e Slopw S Sltlo 4 a5 10 550 5 pm ey ol (6,0l8 slaasd Sousy 5 ([Ss,08
g e SaoY e ((Sodb 5 Sawss Sl 5 Cwsllas Sl o D3l 5 08 olan


http://geographical-space.iau-ahar.ac.ir/article-1-3207-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 5:12 IRDT on Thursday June 11th 2026

00 e A (AaAS 5 gl d (30 Adud Wi yanadl g Juus 9 (8 9IS 8 S 999 sl

References

- Akbari, H., Fatahi, M., Aghajani, H., Fatahi, M. R., (2017), "Evaluation suitable area for
ecotourism using fuzzy multi-criteria decision making GIS environment (Case study:
Mashhad city)", Journal of Geographical Space, 17 (57): 87-104. [In Persian].

- Apan, A. A., Raine S. R., Paterson, M. S., (2002), "Mapping and analysis of changes in the
riparian landscape structure of the Locker valley catchment, Queensland, Australia”. Journal
of Landscape and Urban, 59 (1): 43-57.

- Ayoubi, Sh., Jalalian, A., (2006), "Land evaluation (agriculture and natural resources)".
Isfahan: Isfahan University of Technology Pub, 396 p. [In Persian].

- Bakhtiari Far, M., Mesgari, M. S., Karimi, M., Chehreghani, A., (2011), "Land use change
modeling using multi-criteria decision making and GIS methods", Journal of Environmental
Studies, 33(58): 43-52. [In Persian].

- Cao, K., Batty, M., Huang, B., Liu, Y., Yu, L., Chen, J. F., (2011), "Spatial multi-objective
land use optimization: extensions to the non-dominated sorting genetic algorithm- I1".
International Journal of Geographical Information Science, 25 (12): 1949-19609.

- Cao, K., Huang, B., Wang, S., Lin, H., (2012),"Sustainable land use optimization using
boundary-based Fast genetic algorithm. Computers"”, Environment and Urban Systems, 36:
257-2609.

- Cui, L., Li, G, Lin, Q., Du, Z., Gao,W.,Chen, J., Lu, N., (2016), "A novel artificial bee
colonyalgorithm with depth-first search framework and elite-guided searchequation”.
Information Sciences, 367: 1012-1044.

- Dai, W., (2010),"Spatial decision support for multi-objective land allocation: With
application to conservation reserve design. Ph.D Thesis. Faculty of GIS, Clark University.

- Eastman, J.R., Toledano, J., Jin, W., Kyem, P.A.K., (1993),"Participatory multi-objective
decision-making in GIS.Proceedings of the 11th International Symposium on Computer-
Assisted Cartography,Minneapolis, Clark University, Taylor & Francis, 33-43.

- Eastman, J. R., (2015), "TerrSet manual, Clark: Clark University", pub. [on line]: https://
clarklabs.org /wp-content/uploads/2016/10/Terrset-Manual. pdf

- Ghambari, S., Rahati, A.,(2017),"An improved artificial bee colony algorithm and its
application to reliability optimization problems”, Applied Soft Computing, 62 : 736-767.

- Kamyab, H. R., Mahini, A., Shahraeani, M., (2015),"A genetic algorithm enhancement of
MOLA approach using landscape metrics”, Town and country planning, 7(1): 29-48. [In
Persian].

- Kamyab, H. R., Mahini, A., Shahraeani, M., (2016), "Comparison of ecosystem- based land
allocation using genetic algorithm and MOLA", Environmental Researches, 7(41): 157-168.
[In Persian].

- Karaboga, D., (2005), "An idea based on honey bee swarm for numerical optimization.
Technical Report, Erciyes University.

- Karimi, M., (2010), "Development of multi-criteria decision making methods for determinig
optimal land cover"”, PhD Thesis. Khaje Nasir University, humanity faculty. [In Persian].

- Kong, F., Nakagoshi, N.,(2006),"Spatial - temporal gradient analysis of urban green spaces
in Jina, China", Landscape and Urban Planning, 78: 147-164.

- Lazoglou, M., Kolokoussis, P., Dimopoulou, E., (2016), "Investigating the use of a modified
NSGA-II solution for land-use planning in Mediterranean Islands”, Journal of Geographic
Information System, 2016 (8): 369-386


http://geographical-space.iau-ahar.ac.ir/article-1-3207-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 5:12 IRDT on Thursday June 11th 2026

W4 les £ o lach caleas Sl aldl yha sLdd sals saslilad o8

- Leitao, B., Ahern, A. J., (2002), "Applying landscape ecological concepts metrics in
sustainable landscape planning”, Journal of Landscape and Urban Planning, 69(2): 65-93.

- Liu, Y. L, Tang, D. W., Kong, X. S., Liu, Y. F., Ai T. H., (2014), "A land-use spatial
allocation model based on modified ant colony optimization™”, International Journal of
Environmental Research. 8 (4):1115-1126.

- Liu, X., Li, X., Shi, X., Huang, K., Liu, Y., (2012), "A multi-type ant colony optimization
(MACO) method for optimal land use allocation in large areas”, International Journal of
Geographical Information Science, 26 (7): 1325-1343.

- Makhdoom, M., (2012), "The foundation of land use planning", Tehran: Tehran University
Press: Tehran. 300 p. [In Persian].

- Ma, X., Zhao, X., (2015), "Land use allocation based on a multi-objective artificial immune
optimization model: An application in anlu County, China, Sustainability, 7: 15632-15651.
-Rezvani, M., Alikhah, M., Farokhi, A., (2018), "Ecological evaluation for extensive and
centralized recreational uses in Balghoor watershed using GIS and fuzzy analysis hierarchical
process ", Journal of Geographical Space, 18 (64): 1-19. [In Persian].

- Salman Mahiny, A., Asadolahi, Z., Saied Sabaee, M., Kamyab, H. R., NasirAhmadi K. A.,
(2014), Comparison of simulated annealing (SA) and multi objective land allocation (MOLA)
for Solving the problem of multi-objective land allocation, ljae, 3 (9): 1-13. [In Persian].

- Samadzadegan, F.,Yadegari, M. R., (2010), "Presentation of a method based on bees colony
optimization in determining the optimal distribution of inhabitants of urban areas in safe
places", Geospatial Engineering Journal, 1 (2): 47-59. [In Persian].

- Sante-Riveira, I., Boullon-Magan, M., Crecente-Maseda, R., Miranda-Barros, D.,(2008),
"Algorithm based on simulated annealing for land-use allocation”, Computers &
Geosciences, 34 (3): 259-268.

- Schindler, S., Poirazidis, K., Wrbka, T., (2008), "Towards a core set of landscape metrics for
biodiversity assessments: A case study from Dadia National Park, Greece", Ecological
indicators, 8( 5): 502-514.

- Sharma, S.K., Lees, B.G., (2004),"A comparison of simulated annealing and GIS based
MOLA for solving the problem of multi-objective land use assessment and allocation”.
Proceedings of the 17th International Conference on Multiple Criteria Decision Analysis,
Whistler, Canada. Australian national university. Scopus Press:101-111.

Shao, J., Yang, L., Peng, L., Chi, T.,Wang, X., (2015),"An improved artificial bee colony-
based approach for zoning protected ecological areas, Plos One, 10 (9):1-19

- Shaygan, M., Ali Mohammadi, A., Mansourian, A., (2013), "Multi-objective optimization of
land use using goal attainment method and MOLA algorithms", Journal of Remote Sensing
and GIS of Iran, 5 (1): 11-12. [In Persian].

- Yang, L., Sun, X., Peng, L., Shao, J., Chi, T., (2015), "An improved artificial bee colony
algorithm for optimal land-use allocation”, International Journal of Geographical
Information Science, 29 (8): 1470-1489.

- Yang, L., Zhu, A., Shao, J., Chi, T., (2018), "A knowledge-informed and pareto-based
artificial bee colony optimization algorithm for multi-objective land-Use allocation”, Geo-
Information, 7 (63): 1-25.

- Yao, J., Zhang, X., Murray, A. T., (2017), "Spatial optimization for land-use allocation:
Accounting for sustainability concerns”. International Regional Science Review. 1: 1-22.

- Zhang, Y., Zhang, H. Q., Ni, D. Y., Song, W., (2012), "Agricultural land use optimal
allocation system in developing area: Application to Yili watershed, Xinjiang Region".
Chinese Geographical Science, 22 (2): 232-244.



http://geographical-space.iau-ahar.ac.ir/article-1-3207-en.html

