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ARTICLEINFO ABSTRACT

Keywords Evaluating the compatibility of educational land uses with the functions of
Land use compatibility  other urban land uses can contribute to optimizing land use patterns and urban
educational spaces management, preventing negative consequences in cities, and improving the
urba}n Ianq use quality of urban educational spaces. On one hand, this assessment can support
Zanjan City balanced urban development and protect public health, while on the other

hand, the incoherent combination of land uses due to inefficiencies in urban
development plans can create issues that affect the quality of life and
education for students. Therefore, this study aims to identify compatible and
incompatible educational land uses in Zanjan City and examine the area of
adjacent educational land uses. This research is applied in terms of purpose
and descriptive-analytical in terms of methodology. Data were collected
through documentary and survey sources and analyzed using quantitative
techniques such as AHP and spatial analysis in GIS software. The results of
this study indicate that the compatibility level, based on the pairwise
comparison matrix of the AHP model for weighting criteria, is 0.0264.
According to the findings, it can be concluded that more than one-third of

Article History: educational spaces are incompatible with other land uses, which can lead to
Received: various issues such as land use conflicts, insufficient suitable spaces, or
?el De2024 _ environmental challenges. Meanwhile, a smaller percentage of these spaces,
eceived in revised form: . AT ey . .
12 Fe 2025 approximately 21%, exhibit high compatibility with other land uses and are in
Accepted a favorable condition. This uneven distribution highlights the need for more
20 Fe 2025 precise attention and planning to enhance the compatibility of educational
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Extended Abstract

Introduction

Urbanization and rapid population growth have led to increased demand for land, making urban land use
planning a critical tool for achieving sustainable and balanced urban development. In this context, the
compatibility of educational spaces with other urban land uses plays a vital role in ensuring the quality of
educational environments and the overall well-being of students. Inefficient urban development plans
often result in incompatible land uses, leading to issues such as noise pollution, environmental
degradation, and reduced educational productivity. This study focuses on Zanjan City, a central city in
Iran, to assess the compatibility of educational spaces with other urban land uses. The research aims to
identify compatible and incompatible educational land uses and evaluate the spatial distribution of these
uses. By doing so, it seeks to provide insights into optimizing land use patterns and improving urban
management to enhance the quality of educational spaces.

Methodology

This research adopts a descriptive-analytical approach and is applied in terms of its objectives. Data were
collected through documentary sources and surveys, with a focus on the urban land use plan of Zanjan
City approved in 2022. The study utilized the Analytic Hierarchy Process (AHP) to weight the criteria for
evaluating land use compatibility. A questionnaire was distributed to 15 experts to gather their opinions
on the importance of various criteria. Spatial analysis was conducted using Geographic Information
System (GIS) software to assess the compatibility of educational spaces with other land uses. The study
considered eight key land use types affecting educational spaces, including proximity to green spaces,
cultural institutions, residential areas, sports facilities, religious centers, healthcare facilities, industrial
zones, and military installations. The compatibility of each land use was evaluated based on its distance
from educational spaces, with different weightings assigned to each criterion.

Results and Discussion

The findings reveal that more than one-third of educational spaces in Zanjan City are incompatible with
other land uses, leading to issues such as land use conflicts, insufficient suitable spaces, and
environmental challenges. Specifically, 32% of educational spaces were found to be incompatible, while
only 21% exhibited high compatibility with adjacent land uses. The analysis showed that educational
spaces located near green spaces, cultural institutions, and residential areas had higher compatibility,
while those near industrial zones, healthcare facilities, and military installations were less compatible.

The study identified that 58% of the city's area had high to very high compatibility with educational
spaces in terms of proximity to green spaces, while only 0.37% of the area was deemed unsuitable.
Similarly, 27% of the city's area showed high compatibility with cultural institutions, while 58% had low
compatibility. Residential areas exhibited the highest compatibility, with 81% of the city's area being
suitable for educational spaces. In contrast, industrial zones and healthcare facilities were found to be
largely incompatible, with 27% and 32% of the city's area, respectively, being unsuitable for educational
spaces.

The spatial analysis also highlighted that the central areas of Zanjan City had lower compatibility due to
the concentration of incompatible land uses, while the peripheral areas showed higher compatibility. This
uneven distribution underscores the need for more precise urban planning to address the challenges posed
by incompatible land uses.

Conclusion

The study concludes that the compatibility of educational spaces with other urban land uses in Zanjan
City is uneven, with a significant portion of educational spaces being incompatible with adjacent land
uses. This incompatibility can negatively impact the quality of education and the well-being of students.
The findings emphasize the importance of optimizing land use patterns and improving urban management
to enhance the compatibility of educational spaces. Recommendations include prioritizing the
development of educational spaces near green areas, cultural institutions, and residential zones, while
maintaining appropriate distances from industrial zones, healthcare facilities, and military installations.
The study also highlights the need for more comprehensive urban planning strategies to address the
challenges posed by incompatible land uses and to promote sustainable urban development. By doing so,
Zanjan City can improve the quality of its educational environments and contribute to the overall well-
being of its residents.



Funding
There is no funding support.

Authors’ Contribution
All of the authors approved the content of the manuscript and agreed on all aspects of the work.

Conflict of Interest
Authors declared no conflict of interest.

Acknowledgments
We are grateful to all the scientific consultants of this paper.

References

1) Adhikari, B., & Li, J. (2013). Modelling ambiguity in urban planning. Annals of GIS, 19(3), 143-
152. https://doi.org/10.1080/19475683.2013.806355

2) Abhadnejad Reveshty, M., Sajjadi, Z., & Yari-Qoli, V. (2018). Examining the concept of urban
livability in urban development plans (Case study: Comprehensive plan of Zanjan city). Geography
(Scientific-Research and International Quarterly of the Iranian Geography Association), 16(59), 95—
108. [Persian]. https://mag.iga.ir/article_246087.html

3) Alexander, K. W., Benjamin, M., & Grephas, O. P. (2012). Urban landuse suitability assessment
using geoinformation techniques for Kisumu municipality in Kenya, 13(2), 522-530.
https://www.semanticscholar.org/paper/

4) Azadi, H., Vanhaute, E., Janeckova, K., Skleni¢ka, P., Teklemariam, D., Feng, L., & Witlox, F.
(2020). Evolution of land distribution in the context of development theories. Land Use
Policy, 97(2020), 1-9. https://doi.org/ 10.1016/j.landusepol.2020.104730

5) Bagheri, B., & Kenaanpour, A. (2023). Evaluation and qualitative analysis of urban land use from a
spatial justice perspective using RN model and spatial statistical techniques (Case study: Ardabil
city). Geography Scientific Journal, 21(78), 75-92. [Persian].
https://dor.isc.ac/dor/http://dor.net/dor/20.1001.1.27833739.1402.21.78.5.0

6) Cao, R, Zhu, J., Tu, W., Li, Q., Cao, J., Liu, B., ... & Qiu, G. (2018). Integrating aerial and street
view images for urban land use classification. Remote Sensing, 10(10),1-23.
https://doi.org/10.3390/rs10101553

7) Ebrahimzadeh, 1., & Zarei, Sh. (2012). An analysis of the optimal location of health-care centers
using Geographic Information System (Case study: Firouzabad city). Geography (Scientific-Research
Quarterly  of the lranian  Geography  Association), 10(35), 83-104. [Persian].
https://mag.iga.ir/article_701236.html.

8) Fu, Y., zZhou, T., Yao, Y., Qiu, A., Wei, F., Liu, J., & Liu, T. (2021). Evaluating efficiency and order
of urban land use structure: An empirical study of cities in Jiangsu, China. Journal of Cleaner
Production, 283(2021), 1-20.
http://dx.doi.org/10.1016/j.jclepro.2020.124638.

9) Gao, P. P, Li, Y. P, Gong, J. W., & Huang, G. H. (2021). Urban land-use planning under multi-
uncertainty and multiobjective considering ecosystem service value and economic benefit-A case
study of Guangzhou, China. Ecological Complexity, 45(2021), 1-20.
https://doi.org/10.1016/j.ecocom.2020.100886.

10) Haj Alizadeh, A. (2017). Evaluation and analysis of the suitability of public land use adjacency in the
middle urban texture (Case study: Sabalan neighborhood, Ardabil). Sustainable Architecture and
Urban Planning, 5(2), 71-84. [Persian].
https://dor.isc.ac/dor/20.1001.1.25886274.1396.5.2.6.2.

11) Harris, J. M. (2000). Basic principles of sustainable development. Dimensions of sustainable
development, 1 (4), 21-40.
https://doi.org/10.22004/AG.ECON.15600.

12) Hashem, N., & Balakrishnan, P. (2014). Change analysis of land use/land cover and modelling urban
growth in  Greater Doha, Qatar. Annals of GIS(ahead-of-print),  21(3),1-15.
https://doi.org/10.1080/19475683.2014.992369.

13) Healey, P. (1992). Planning through debate: The communicative turn in planning theory. Town
planning review, 63(2), 143-162.
https://doi.org/10.3828/tpr.63.2.422x602303814821.




14) Hersperger, A. M., Oliveira, E., Pagliarin, S., Palka, G., Verburg, P., Bolliger, J., & Gradinaru, S.
(2018). Urban land-use change: The role of strategic spatial planning. Global Environmental
Change, 51, 32-42.
https://doi.org/10.1016/j.gloenvcha.2018.05.001

15) Holguin-Veras, J., Ramirez-Rios, D., Ng, J., Wojtowicz, J., Haake, D., Lawson, C. T., ... & Cara, W.
(2021). Freight-efficient land uses: Methodology, strategies, and tools. Sustainability, 13(6), 1-
24.https://doi.org/10.3390/su13063059.

16) Hsu, W. T., Holmes, T. J., & Morgan, F. (2014). Optimal city hierarchy: A dynamic programming
approach to central place theory.Journal of Economic Theory, 154(2014), 245-273.
https://doi.org/10.1016/j.jet.2014.09.018.

17) Huang, G., Li, D., Zhu, X., & Zhu, J. (2021). Influencing factors and their influencing mechanisms
on urban resilience in China. Sustainable cities and society, 74(2021), 1-11.
http://dx.doi.org/10.1016/j.5¢s.2021.103210.

18) lannillo, A., & Fasolino, I. (2021). Land-use mix and urban sustainability: Benefits and indicators
analysis. Sustainability, 13(23), 1-18.
https://doi.org/10.3390/su132313460.

19) Jana, A., Sarkar, A., & Bardhan, R. (2020). Analysing outdoor airflow and pollution as a parameter
to assess the compatibility of mass-scale low-cost residential development. Land Use Policy, 99,
105052. https://doi.org/10.1016/j.landusepol.2020.105052.

20) Kangas, K., Brown, G., Kivinen, M., Tolvanen, A., Tuulentie, S., Karhu, J., ... & Juutinen, A. (2022).
Land use synergies and conflicts identification in the framework of compatibility analyses and spatial
assessment of ecological, socio-cultural and economic values. Journal of Environmental
Management, 316(2022),1-13.
https://doi.org/10.1016/j.jenvman.2022.115174.

21) Karami, A., & Mihanparast, A. (2020). Environmental-land suitability assessment for urban land
planning (Case study: District 22 of Tehran). Geography Scientific-Research and International
Quarterly of the Iranian  Geography  Association, 18(64), 51-63.  [Persian].
https://dor.isc.ac/dor/20.1001.1.27172996.1399.18.1.4.9.

22) Kashefidoost, D., & Haji Nejad, A. (2015). Evaluation of urban land use with a sustainable
development approach (Case study: Piranshahr). Territorial Planning Journal, 7(1), 71-94.
[Persian]. https://jtcp.ut.ac.ir/article_54782.html.

23) Kilkig, S. (2022). Urban emissions and land use efficiency scenarios towards effective climate
mitigation in urban systems. Renewable and Sustainable Energy Reviews, 167(2022), 1-20.
https://doi.org/10.1016/j.rser.2022.112733.

24) Lagopoulos, A. (2018). Clarifying Theoretical and Applied Land-Use Planning Concepts. , 2(1), 1-
20. https://doi.org/10.3390/URBANSCI2010017.

25) Liu, J., Zhang, Z., Xu, X., Kuang, W., Zhou, W., Zhang, S., ... & Jiang, N. (2010). Spatial patterns
and driving forces of land use change in China during the early 21st century. Journal of Geographical
Sciences, 20, 483-494. https://doi.org/10.1007/s11442-010-0483-4.

26) Luan, C., Liu, R., & Peng, S. (2021). Land-use suitability assessment for urban development using a
GIS-based soft computing approach: A case study of Ili Valley, China. Ecological
Indicators, 123(2021), 1-13.
https://doi.org/10.1016/j.ecolind.2020.107333.

27) Michalos, A. C. (Ed.). (2014). Encyclopedia of quality of life and well-being research. Dordrecht:
Springer Netherlands, 171(2014) .8-14.
https://doi.org/10.1007/978-94-007-0753-5.

28) Mozaffar, F., Mahdizadeh Seraj, F., & Mirmoradi, S. S. (2009). Recognizing the role of nature in
educational ~ spaces.  Educational ~ Technology  Journal,  4(1), 37-46. [Persian].
https://doi.org/10.22061/tej.2009.1334.

29) Rahman, M. M., & Szaho, G. (2021). Multi-objective urban land use optimization using spatial data:
A systematic review. Sustainable Cities and Society, 74, 103214.
https://doi.org/10.1016/j.5¢s.2021.103214.

30) Rounsevell, M. D., Pedroli, B., Erb, K. H., Gramberger, M., Busck, A. G., Haberl, H,, ... &
Wolfslehner, B. (2012). Challenges for land system science. Land use policy, 29(4), 899-910.
https://doi.org/10.1016/j.landusepol.2012.01.007.

31) Saeednia, A. (2004). The Green Book: Municipality Guide. Tehran: Organization of Municipalities
and Rural Affairs Publications. [Persian].
https://www.azmoon-mohandesan.com.




32) Samat, N., Mahamud, M. A,, Tan, M. L., Maghsoodi Tilaki, M. J., & Tew, Y. L. (2020). Modelling
land cover changes in peri-urban areas: A case study of george town conurbation,
Malaysia. Land, 9(10), 373. https://doi.org/10.3390/1and9100373

33) Shah Ali, A, Sarvar, R., & Tavakolan, A. (2024). An analysis of key factors affecting sustainable
regional development in Makran. Geography Scientific Journal, 22(80), 19-38. [Persian].
https://doi.org/10.22034/iga.2024.704872.

34) Shahriar, F., Gandomkar, A., Hashempour, R., & Ramesht, M. H. (2016). Feasibility study of urban
development and establishment of new cities in Qazvin province. Geography (Scientific-Research
and International Quarterly of the Iranian Geography Association), 14(48), 73-91. [Persian].
https://mag.iga.ir/article_701092.html?lang=fa.

35) Sharifi, P., Manouchehri Miyandoab, E., Javan, Kh., & Ramazani Mehrian, M. (2024). The impact of
urban land development on landscape patterns and ecological risk. Geography Scientific Journal,
22(82), 129-148. [Persian].
https://doi.org/10.22034/iga.2024.2022285.1290.

36) Statistical Center of Iran. (2016). Detailed results of the Population and Housing Census of Zanjan
City (1956-2016). [Persian].
https://amar.org.ir/population-and-housing-census.

37) Stewart, T. J. & Janssen, R. (2014). A multiobjective GIS-based land use planning algorithm.

Computers, Environment and Urban Systems, 46(2014), 25-34.
https://doi.org/10.1016/j.compenvurbsys.2014.04.002.

38) Taleai, M., Sharifi, A., Sliuzas, R., & Mesgari, M. (2007). Evaluating the compatibility of multi-
functional and intensive urban land uses. International Journal of Applied Earth Observation and
Geoinformation, 9(4), 375-391.
https://doi.org/10.1016/j.jag.2006.12.002.

39) Taleai, M., Sliuzas, R., & Flacke, J. (2014). An integrated framework to evaluate the equity of urban
public facilities using spatial multi-criteria analysis. Cities, 40, 56-69.
https://doi.org/10.1016/j.cities.2014.04.006.

40) Taleshi, M., & Ghobadi, A. (2012). Urban land use sustainability assessment through evaluation of
compatibility matrix case study: Karaj City. OIDA International Journal of Sustainable
Development, 3(1), 57-64.
https://ssrn.com/abstract=1986523.

41) Vafaei, A., & Dolatiarian, K. (2022). Assessment and evaluation of urban land use compatibility
index using Geographic Information System - Case study: Kashan city. Geographical Information
Journal (Sepehr), 31(123), 107-126. [Persian].
https://doi.org/10.22131/sepehr.2022.699913.

42) Yang, J., Li, S., & Lu, H. (2019). Quantitative influence of land-use changes and urban expansion
intensity on  landscape  pattern in  Qingdao, China:  Implications  for  urban
sustainability. Sustainability, 11(21), 1-18.
https://doi.org/10.3390/su11216174.

43) Zanjan Municipality Statistical. (2016). Deputy of Planning and Human Development, Statistical
Yearbook of Zanjan City. [Persian].
https://mpo-zn.ir//amayesh.

44) Zhang, X., Zhou, J., Li, G., Chen, C., Li, M., & Luo, J. (2020). Spatial pattern reconstruction of
regional habitat quality based on the simulation of land use changes from 1975 to 2010. Journal of
Geographical Sciences, 30, 601-620.
https://doi.org/10.1007/s11442-020-1745-4.

45) Zheng, H., Wu, Y., He, H., Delang, C. O., Qian, J., Lu, J., ... & Li, G. (2023). Urban land use eco-
efficiency and improvement in the western region of China. Journal of Cleaner Production,
412(2023), 1-15.
https://doi.org/10.1016/].jclepro.2023.137385.

46) Zhou, L., Dang, X., Sun, Q., & Wang, S. (2020). Multi-Scenario Simulation of Urban Land Change
in Shanghai by Random Forest and CA-Markov Model. Sustainable Cities and Society, 55(2020), 1-
36. https://doi.org/10.1016/j.5¢s.2020.102045.

47) Zhuo, Y., Zheng, H., Wu, C., Xu, Z., Li, G., & Yu, Z. (2019). Compatibility mix degree index: A
novel measure to characterize urban land use mix pattern. Computers, Environment and Urban
Systems, 75(2019), 49-60.

https://doi.org/10.1016/j.compenvurbsys.2019.01.005.




Ut &y i

Journal Homepage: https://mag.iga.ir

YYAV-YR4T ;S s S Ll

VECF AF 5l (Y¥o 95 s 5 ol dlae

S20% S 21 Pl 85,15 L i ) s (b j90T SLLAS (5,5 jlw (s

T aydte 68T 0o T Vpnia molog o

E: tahmasebihossein@znu.ac.ir (Jstuws osiuwsg) . )lpl o)bxj ¢l s olSiily o slusl pole 0aSiils (s (sj0y aobiys 5 kbl 09,5, Lkl )
Ol el ol g oluily (bl yan 0uSisly (gl g5y 4oy g Ll 09,5 (6585 (gommitils Y

s Wi SleYb!

Silodisgy ) Slgie @b Gl plo 3555 L Sieel s p)lS 6Bl 2L 18l (3l

oS (6ySsls o 0 e sladsl 5l 5 00)S (SoS (g Cupde g (2l )8 slagXl =l d)?)lfyd)lf}l“’

g 42 5o i) ol o Ko A3k 5o syted (gl S oS Sy S

_ . N ‘ SRed 3l gl

Sialeal oS5 S Byl 5l 5 08 cladloe ogas Cwodlw jl 5 03, SaS (650 (5lg00 o5
CoisS oS 1S Sl |y M Wl e syt drmgs slagyb saol ST s & lags S
ol Jli> & Gimgk cnl conlpl a3 e )18 58 o |y lisel iy (sl 5 (S5
23 (98l (slacs )8 Colue sy g (85 b 3 B3l g ,5ke sl (slacs )l
odly ! M—Wy swuw9) )hs )] 9 d.)).g)lf E-RVS ).‘a) )] dﬁ;u L)"‘ Cw) LQ:UT
oo g AHP oS ST 5l eolatwl b g o d”]é‘g sinlog g (gobul e 3 )b
Ol w30 Uiyl (imgh @l WlaBS E oy 350 GIS 58y 5o olas
VI Ll Blae 4 (2 0jg oz AND Je (295 ulia e olsl 2 68 Sl

b hjpel slalad g 5l G o €O e g Geiow slaaily olul g ol L

.. el s € s o e s 2 &b

dLmLaB .)9?@5 sL&ydﬁ)K J>|Jo ole tsa.l..?m Mo L ..\JIyL;o oS .\:)lS)LwL, mes)g)lf ).sLu: VEV/Y /1)

dgds ;0 dalad pl 5l (gyeS dopd (Jb e (0 @ad i JaeCaw sla il b caslis (S5l )b

_ VENA/YE

ARl g ol b pgllae Cumsg g B (o0bj Ble g p)lS ple b owoyy T s s

S0 b objeel slalad (o5l s slp pady chyaely g oy A L eamdLis VXYY

ol Fu,ls

.w‘ Lh 15 Y]

s VEY/ ¥

2L 3,5 ) plondy eud (w90 SLAS (5585l (ony 2 (VT F) 0yl D58k (58T g Lo oo (mologl L]
N D-IYA FY(AF) Ll i & il o pord (52 559,15

dsi http://doi.org/10.22034/jiga.2025.2049475.1367

olrl il ool 2jliel cabo sty ©




\f’f)l{.j “Afs)w Y 3)53 5‘.:.9':» aolilad ¥4

gudr) 9 4000

9y ol 3 OY YA s p ophas 5 p)S) D o olaidl 395w |y (glod S g puwg (sla o) aliugy 4y Cond W o
ekl (S @ b B9y & Ded e 4Bl oz pwlyw 53 el 1S3 (S ojlgen (e I edlatul
(O VY (o) on g i 5 & 4 Bounoua et al, 2015: 47) ol cpoj 5l 03,58 o3liul oply 138,50 Jolge
g 2l lite (o5 JelSS 4 olitad sl 6y Pl S lgisdr rej sl (3200002 (e dnsg 0j>
5 AWole ()8 sadarily (slalazo 2wl Ban (argin Wuld ul dis )3 25 00 gyl Bbls 5 bjrd ol
(Michalos, 2014:9; Samat et al, 2020: 14) Lgd o Bhxo (63,8 9 S e Glinl ol 1 & cul Cuny JB
S Sl Goj @lio Copie 5 el sl Silostuser 63,509y ejls (o) S Siyaebn 3 SIS la S
oo 5 odlatwl (gilwaing Jols Claal -pl (Kilkis, 2022: 4) 5jlu oo gumed |y slain! o (solasdl ¢ Jaolom j GBlial
(Zheng et al, 2023: 2) cul il g yjlgte dawss gugy 5 (b @lio Laés (o) 5 Gls )l 5l 555l

ol (S5 BB g aYole luly slajpd <ol slodinS sl (s o) ) )k 38 b))
Silodine 1y ej S S 2jlo e wal)d (s p0ed Glite sl |y Ol cnl s o slos )8 )83l Jlow
D G paie Ll (S5eSs adlg,d (Rahman & Szab0, 2021:13) s cupie 2al)l5 job 0 1, youd L) o
Coley Spgo 3 oS Cunl (s o cunlite ()5l I (pols selsd (ol b b gdaw I (ol (2 - LA CusBye
{AE VRN (o )l5 g o0ljmunl ) apelol salss (aseitio ISo plan )3 paie o] (o3, Ses (2 g Cuidse 4

B > a8 Gledpe g bacwgSe daclyy jlaise ojlyen & (Gird (jlgte dwg 4 pxie lalius (x4 dag
cladlons (egas Cuodlw 145723, g0 (Ve WY (lSen g (o old) il o0 (B L) d it paed g K90
Wilg o (s phd poj )b slas 8 (Taleshi & Ghobadi, 2012: 59) WS o bas 1) ) Ul g 00)8
S ol (g oMged el 5 Gl oo s s sla Sogll «Sdl3) solols il 5B wed (eailels
555 S b S o ald (s seliyy 55,05 )3 cady) o 13 o Sinlanls (poS lulis 255 (5 Ssle
Colia (youd B3l wald liyaslyy lp ) Bl ool gezmen 5l (L) 8 b (o ppd (53,88 (e
(lannillo & Fasolino,2021: 4) w31y Canb | cblis & dacsloy; dawes

S lp $9p Slagin & Cul o) 68 355 bl sl edag Wl 0 bl s
Luan et al, 2021: 2; Hersperger et al, ) 15 o wal,d |y (505 (slapwo; 51 5l odlitul 3)50 1 dnled p  siwe g alalS]
iz slasy)lS aslols 5 Bk & ble & cusl oo 0jen SO o) (608 (g3 40l y &S 1> (2018: 35
Gan o plplo (Adhikari & Li, 2013: 148; Stewart & Janssen, 2014:26) 3,15 11,8 < jg0 45 (6 blio )3 yoj
ke 59> &yle & (Hashem & Balakrishnan, 2014: 4) Cuol yej sbas )8 oo (o)l 51 (685l s, oyl
3929 o) SBEE G Bl Sy B (S B ab o polail (e 5l iSe 4 e) sl )l
oyl 5l (B aaS odd plsl )5 9 3 5 olaingh gasge ol b bLS,l > (Taleai et al, 2007:376) il anils

Dgu oo 0,
slodibs ol > Sl el Clojls 5 lalidlenr ollis Glie b gldlis > (VYY) o Kea o' (oIS

S p)lS om Ol Sy gy 4 Codlaidl g (Sim i elaial (Bldeg bbbl S b))l )5l

ykangas



VeV R (o5 390] (SLaS (6, 5l oy pr [ (6 ST g (oamwlogl

wox Giagly ol ibpe @dlail g Sinjieelanl (Blipy gbasy bl Olst g Lol s
Kangas et al, 2022: 1-) cul (gy9p8 Jlul drwgi g 550 (635 paonad sly 2]yl (6 )5 ol mols S'pd &S 05,5 0
Sy @yl Glsisar (539 g Sy Sl pla Jloor plyie b gl )3 (VoY1) L llSen 5'Bl o)l (13
3 bme (539l g gy slor l b b)) 4 Koy e ) 4 5aaS SSe dang )5 3le ()
CadeS 29 gl ) 2o adles ol ((So9ll o 5 oy slop Gl 2l b by e B ) oSl
Y95 B9 -(Jana et al, 2020: 1-14) aad o dl)) zuwy wldo jd Cwasd 5] SoSime slddrwg > (Su; slalas S
) )l bXB] ol oy gl (98 Jhre S 1) B3l BUST an > (adliy plsie b (glallie )3 (V4)4)
Gl gilw (oS lp &S Sy o 1) (VmdiWVmdE) Yoy o pie BMST as iy asls ol 4 &g ppas
o ¢ i (gl jlixe 4y Cauns VMAI/WVIMAI oS s> 0 )lid ol 5 cawl ods (sl (65008 (3] (60,8 LIS
b lyred 5> (o2l o)l AT clasSll S5 g0 oy cnl Spgliee 028 ot o) slasSl 1 (5533
oS s g oLy e b dmgh 0 (VF0Y) e oliS 5 (6,8L (Zhuo et al, 2019: 49-60 )aad o 8 Caa
(o) s 25390 Anllan) olisb ola] (slncSiS o RN o 3l oolizl b olid cllie laie 51 sy o) s )8
las gy Jed)l (oo alomy gblie 3 (&S 5 5l (g0ed Slos)lS (SuSTy o0 olad hbos g bl 4
b )5l e jl (oo 5 e Cliead e lad Gl mlS wade gl Giagh ol 5 Jeols @l
b 6yB5bo oS sy oollanl cio)ls) g (oppd Sluml o Sloys slags, )l 9 S5)l5)05 0 365 yobro (slas S
AT ee olis 58 RN luess 00 58005 Jio (uyp 5l Job @l (pizren it 395 jobxe slags )8
N3 ARG Lalpd )3 @lg)s g Cuns Bidaie Cgllas Cundg g bad)lilinl b (S g (oS Ll a4 o2 39250 slags )8
5 L) cul dgudio Jud)) s Aoy 3blo > (64d S5 p)S gjg 3 Gl 5 2lad ol pae Sy g )l
2l Gl e adls 2bjil g plemd Glgis b gldlie )3 (V¥ ) Gljlddss 9 (2l8g (VA=Y YT g s
@l Sy pd o)l @byl 4 €Ol b 19390 dallae (oLl GleMbl g ) oslital b (5500
dlor 3l wilizo clos S o 655k 5 Slanlse 3kl (sl 3308 b syl 5 gyl 45 A3 o ol
oanass 4 o] (6pab lasiyely jd a5 34 oo dlaiiny ] canlial ¢ B3y9 9 (Sloyd (gl ¢ g0l ¢ SgSume
Olyie b gldlis > (WWAF) ooljde gl (Vo V=IYE ¥ (lyldss 5 (2lg)agds dngi o )l cunlio mje5 g Lab g
oM S pd ($3)90 Wigad) S aed Sl S bl 3 ol LB 5 b b S B3l Gl ey
2 sb)lemen Caglas 5 5l 5 )5le 4203 (s 9 d9290 Cundy > L @iF (o & «(Ued)
SS9 3Ll i oy x5yl & o oLt ol (slaaly cul oudanily oo ) 5l S
Mol drogs 3509, b sxped (o2l S 2bil (ITAF) Sl ol g Cungs (L3051 1y )5 e yieS
oAb 4By predily ;b 53 ol dawg 305, b xred (B S (S 5 (o bl 4 (el adllaes )g0)
ool S DIV Joles 39808 ] hinlge 3908 b I plS il amd e i cLisS g o oo gl Cand

3.\.2.250[,3 Candyg L‘),gl Gl L;w)?ni 9 u.,9§ww ‘d)lﬂ ‘OT )’| RET u.mlf)lf d).g)lf 5 (_g)lf)‘[wl.} Q]}fo TP RVERIRNC ON

» Arnab Jana
yYuefei Zhuo

¥ Weighted Vector-based Mixing Degree Index



\f’f)l{.j “Afs)w Y 3)53 5‘.:.9':» aolilad VoA

g Cwgd (BB )9d 0 (U o Glpyaely S S B pae I &5 cwbro )8 e Salal 5 (Dol
(RF=VY ATAF ol sl

Sy odmd LIS (o Gl (5 e slopred Sl (S plgiedr (s b ) o) Sl edlitl (b Cumdg e ] 2
5 e A glogyb el 5L 5 3l Baas cMSie ol ccal o 6y)8 51 ool 53 mad @iyl 5 clasls
Gd, S5 L e canliol g Canydl janass 4 e oS 0dg cunlio (5uydelp pie g luati g zols sl b b
w0155 Cnnl 5 sy bl yr bl Ked 003 (s b il 3blie ,> ,SpaSs LS )3 Sialanl 5 gllasl
b wlge gl Vgl sl aals ajsel byl 3555 5 eg B Sl Wl il oyl
5592l ) Spe e 5 55 pe3 el 4y e oS S ogllaol g pelite |y (6ol (sl don 5 oo (sla Syl
ol 5 39 poxte gl Gl e 3 Chladl 5 eyl (I3 & Wlgee IS Sl lS ol 39y Lol 395 0n
LS 5yl M )3 Jld S Lt |l (S0 JS3Lol (6008 e izeen ST Jisee |y (650L An] 5 Wl e 363
353 4 ligel (il (saBMe g 0383l talS 4 Wl po baulypd cpl LA Gyl @ 1) (g S slacllad 5 lacoxs
g Gledro 5 el LI (e 6)0m 5 Jals JialS corge ailg o J5Lul (glacs )lS sl 3)lge ,> 350 ke
Sk IS sa s g Jead 3 Slas g aillgs oo Jelgs ol (ooled aledyd ST gl ) (Stiren g dloisl s
2o b oS b (oBigel Ssp)lS HE3le pp gl Ligh (ewll Gan 11 5% Late b ligel 51
9 5k o)l imd clio Gl pj OV 4 b 239 o p3l iagh Cale cnl 3 Cal (b s3SI
b (Solon 5 (0o)le) (sdigel lagg)lS Colus I i ap Sattun pliS” o) j1d o (o)le) (bjgel 5Ll
)15 515 550l g 5o slags )l

A e
o 3 W 5 oloj Jsb > s 31 oolital )3 Slis o 5 ol by S5 ws)liS b 4018 epeb (s p0ebig
b sl (g ilaile Cople g (s5a0bp gly gipai SNyl eolatwl (Healey, 1992: 153) Cuwl (g ddlais
Bb Bun cpl & oliwd (gl D9d 0 (g3y800 0 g drwgl S iyl ang Jold coplply a5 ¢(Cao et al, 2018: 3) cul
4l oS Jb S e 1) ammetinj el 5 olal glagg b 62,5 )15 403,00 )l dmgi il oospie
il & lisS @ sl e 5l osllas edlaiwl (lize 4yl axwes (Harris, 2000: 12) d4u Lags awlio (gdlaidl
o b g 2l jhs 4 1) plilajls (3,8 edygly sl edil sladus oblg &Sul fgn 4 03yl 1y (598 s
g o pll G jlame 5l cblis lolidl 5 cuslio (6)9lid 31 edlatwl ¢ 6 )5 il «ublB olul y s I oolitwl sblie
drwgd & glowwd gy ulS oyl 5l (S ol 68 cwlie (354065 pl b {(Alexander et al, 2012: 526)
Sl S ) 68 S5l a8 S8 lame J cblis g Sl slajls o ol 4 Wlgige 5 el il
hie dnugi 4 oliwd lp Sl el plyisdr GlodyinS jsbay oS Cul umiin g odomy (eges IS Culiw
wle Sl l o pte g abilobe Jols auls ol (Michalos, 2014: 9) 540 0 a3 lis bl g layes Hlub g Ll S
Silwoding Jols o (eadS” Glual (Kilkis, 2022: 3) cowl cloin g (oolaibl ¢ oot ; Blual 3iss jolaieds Jue)
S0l p (Zheng et al, 2023: 3) wib o oyiloie My gugy g Cands | Cblas sl 5 (6555l ¢ LSy 5l ealawl

WM Lad o > bl bl ey pareds Jold o5 cunl (pgiiz 3509y S el 2] )8



AR R (o5 390] (SLaS (6, 5l oy pr [ (6 ST g (oamwlogl

Ok 5l e molus g coaldl (55l ( umes Slpss b (Gao et al, 2021: 2) g 0 ojsp Culin g cllas  Slolis
Huang et al, 2021: ) cuol bl cuoj mblio 5yl 3l Glaab] (s jome sl (6 S paouad 5 (S )lite (55 )d0b p o J I8
Sbiyl el adlse O plgie a4l Sl ojlul plen 4 b5 anTd cpl 0 laeg)S den (Sim s gla 35l pleol (1
WS oo Bl oo 2y90 3 Wled e Hlub Gl Smeal Gln Sl gy e ) oslinel (3.8
(sxuo (58 SSume dlax | oo slaodliiwl (glp Cuwlie slaipe; obj) cp! (Hersperger et al, 2018: 36)
Jocpey g adls (Seo |y aVole g Lal)lS jarass yol ol dibo 50 Jaloo ool p 1) (65,9liS b (oo i
J(Luan et al, 2021: 1) Slw) o J8las @ 1) ls)l

oy oS glaind gd o e )l 5l plae diwd 90 A 05 SeiS 205 0 « Bl 68 slaay la»
3505 oo ) odlatul (g3 ydely aTE p aS Son (glated g Njbp e e 5l edlitwl (gya0by g e (slmolitl
a,las (Hsu et al, 2014: 248)" 535 o Ko ke ¢ b 51" e 5l odlatwl Judoo ey ,las (Lagopoulos, 2018: 4) 1)l
P o) slS Glise gagSl g e 5l oolaiwl 0958 wyp g Juloo 4 (Azadi et al, 2020: 7) cpei 50,8 mie
by ylai oyl Cuwl D390 saeSl g o il odlaiwl 5o Jolge calil daay ol pl Bua Wiby o i bl
2 G Sl e 5 S5 Camdy 3l e S 4 o Kb oo dilisee slagby, g ladte Jold Ysane
Zhang et al, 2020: 610; Holguin-Veraset al et, 2021: 8; Liu et al, 2010: 486; Yang et ) .S o SKeS o (5 )5
ooy ) odlitul (g ydeliy calisee Jnlyo g 418 g9y pocome; i oolil (ciya0bp A0T)E (claay o . (al, 2019: 2
Spyeby claanld ciloann Jbd 4 ba s cpl .l Tl g 0yglie (sl (s Jolye Jold ol )1y 38505
9 S > (Lagopoulos, 2018: 5; Rounsevelle et al, 2012: 900) 355 fuol> (peoj 5 4lal o digs odlatw! b akiun
Sr9r8 o) SIS N Copde g lk dawgi 4 olies lp g M S0 JoSe g dligy o 4 by lad 4t
S Jb S SaS STl st 9 G5 Candy wod @ o) ) odlil Jbo slaay i il o
(Lagopoulos, 2018: 6) 1513y o dxwes slaasl s 550 g 20l)l5 (gl a4 pro; 3l ool (63,40l AT )5 (clnay o
Ilede (Ua8 plasl jglate 4 395 (H8ly ol )3 (628 2yl 5 gred S el (LSOl ple nl
2 o ool Job LB 5 (63905 50l (s yted S50 pls )3 gy 2S5 laes S JSIS S Sl 5 (8
b Cuto Mlg o Sll opl osd dogi oges oldy caa 5D ol CutsS A 2o g odd dag laep,lS CueS @ &lge yidu
5 yo3) d9d 0 B g p)lS Hle (5Ll dbul 4 e bl Gl g oL (Rl 4 e cute @l Wbl e
Ol L3l 3 (el nl e 2l 6 ) Sl Gl b AVF VY oS g (8L S B 4 WY ¢ oljIS s
ooy ) oY Sl e ghaln by WS opin b T Ol o 2,5 00 S8 cad ity g
sl 5 <)) (LB )8 hyteliy 2lod Bub (pogad (red ) Add Cjgo i )lS )l pas b 5,85l
2 o)l s BT LV VY oS 5 (68l 51 B 4 s Wbl g (sdiens) Canl (0 (S5 CuiS
Zhou et ) sl (586 (5520400 2 Lyt sokeo P Dl (s it 9 0loj 35,0 o Sy g5 (60 ame S
(al, 2020: 21

‘- Land Use Analysis Theories
211y 0 olSiigSn g ojped (ol o Ak g (1o SlogSl esi a9 05 Slptiby Yy S lly bawsgs eyl ) =7



\f’f)l{.j “Afs)w Y 3)53 ‘Lﬁl)» aolilad AR R

OB L)

g ol wlie 3oyl 5l ooy ol oo o awlid yos, Lldjl o o3 (60,8 «bun Llodjl jimgh oy
01 03latl (pldl i MBI s J38lp 3 5> (2ldd 5 (oS GSST o] Sl el g oadispglaes (stilon
oS «olss b )3 sbjgel slasylS SBGL 5 )85l (i oy sslite 4 o) Sitimgy dunl )3 .l
B s olis)lS V0 Sl 5l esliel b g 93,8 gl VEY Jls g o) b gl gob 1] coped
S8 B uyile jlodliiwl b cny alsgo 3 .0l pbdl (AHP) (ilie dlidis o e )0 (20 (59 cdoliiun yy
sl dbades Jos Jao 3l oslitsl Jols (g Al o 5 25 (oBj56] slas )8 b sl o ()5 5lo 096 <3|
2 adlls 03gaome 5l)) 4 (SIA5S 4 g il (slacs )5 4 s (bjgel )8 y2 3 )Shoe Elad 4 (2 g sl
@ 2 il Glmls 4 by SleMbol glaaY )3 xsd 0 ol (550 b o)l @ )90 b (Se35 el
o) 3590 o Lol tuily wimls (g (b)) oSl)) sl S i 5y90 (slas )l 4 (oBjgel slags )l
pegad y> )5 Sl s Gyt b)) w3l bl yiin ) cnl Sl (Bel slaglKe Aol dxya 5Ll
oo b e glad B jlo glace,nlS b alaly 3 adllas olio .l 005 Cole) caslio dols 5 ,55ko dow el
Sl o CoiSye & sy Aee ) e glad GGG Glaop)lS L daly 3 g (bjgel )l pa oS e 4 sy
ol ondaggg (63, SMos lad SSB 4y ol b 3] o)l 4kl ()l cl sl el 0392 (S3500]

s 2 15 s o o P P 2 PO o st

.
aste STy

.
A s el T e 8 e B g N TN L0 S i g St g0 s NI ND S e 3 5T
- LE R L e i = P -
-t S N S e P

G A sy At T B o N i -
- B et

B o N i s i “ et e SN Sy N P s

Jﬂh.d"v -
g3y plos ]9 ) U
(VFoY (apios satily) saio

axllae 3,90 D390

Sl | g3 0hrg (2l e Cusdge L 4 b cpl sl 0ad ly ol (8 Jled )3 (bS5 Gl 3y (ol e
5 oldan sl b gz 5l (Bpd oyl il b o Sl il b e 51 ol ol Jloyss 1 2V Sl
015 03yt LS FAFY ojluil 4y (sinluse )3 ik 035 lgis 4 (LS el Lol Srepn (938 Ll b )5
Sax ol 45 oy o 485 FYTEVD @ i opl Cumen YA Jlo )3 Sie g (wobi (og0e (&)lod o 3] b ]
dog Oygo 4y (b8 S dnwgi (WD (ol ol 3 50) Canl 03,8 a5 )9S Cumo yp o5 ey 42 1y 09
¥ b5 )bl Glowads olwl 5o (VoY YAV () 5 by 015 dol) ol (g diand 9 38 10 Cuows 4y g ((Slad
Iy Ligj adllaed yge ddlate Cusbye (V) U5 (WA ¢l ;e dolylol) sl odppndts aloa V1o 5 4l Y0 cailaie
A2 o ylis



" e (w3901 (SLAS (6,15 Sl (o yyr [ (65T g (awlorb

T
-5 Wy

e
4
£
= N L A K
4
¥ L ‘
adi glaal, 1 4
oA LI
TN
- > 1
e TomENZAm by temETEIm 4
To0Y Vo " ' v - e ro—— » [t l

axlllaod, 90 Allaie Cdga .Y JSud
(VFY (Gaios b)) s anin

S )l (pp & bl )3 & il o s b Slacdlad g s )8 red HlSlo suiad IS (Lol (slaadlie I (S
OYOU/PYINA Joleo (lonij joed 39290 @9 039300 Colune 45 (5y5bady D90 4By (5] b ghaw )3 39290 259
4, WWPAY Joleo 2o pd YV/EY ¢ SoSime (5 0)5 & JliSa Ve o0 Joleo 2o pd YYIYY e cpl 5 ol o jliSa
4 S WYAR Jolee duo )3 Y8/ 4R (g 50 pue (o8l (60)5 s )l YF /¥ Jaleo duo)d VNN (s y0e Slods (60l
S 4 ) e g 3 395 e Mo 4 (g ygblan il wl olaisl lisl Cuns 3 5 JB ol o)l
Jolye 2 ol 4 g o wmd e polaidl 08 4 1y Lol Sl oy iy (SeSime (528 g sy Slasd (g8
g8 VA {)) Jo> a3lise @peyio VAIFA L ply Sig e o0 (sl (SoSme aily gycli] ablo Coponrl Pl (ooloiniy

ULM; ‘) U—‘ dJl)w9 Lo yd s&bwl-?d)‘"m LSM (.5)‘.')l5

2D 0
VFoY JWo j0 o e 1y 5 3] 2955 .Y Jgua
{M?) &l yaw ARV (M?) colwo Syt ooy 5 50,8 @d,
R -/-¥ 510/ L e
e -IyY AYAYOY/A Sl
AR AN VARSIV leal, K
oy Iy VAR A /Y dasgio OO
-IyY AN AARALYAS higel slalad L
V/os <IN OFFAYY/ poes
-IAY -IfY YAVYYYIY Sy g b oieal g Jle bsaal Y

ol o g (glaalaio ¢ glanb cglalre Gloss dsgazms Jold (654 Glodd Jos o &l yu 1udg



\f’f)l{.j “Afs)w Y 3)53 ‘Lﬁl)» aolilad Y

(M?) &1 yus Vo Mo yd (M?) coluw E e ooyl (51,5

@3,
VN -/ay OSFAAN/D ©bs ¥
A - /oA YOAYYY/« Sloyd — il ¥
-Ivs AT AYYA¥/- Sk o
-/f- -/yy VEVY /8 e 5
% -Jof YT MY =03 v
¥ o[+A FAASV/) &Skl A
AYE \/al YAFVEF) /Y wolbsb gl 1
\/oY e OYASO/ SS9 )bl g Jasg Je )
VY i) FYF.va/5 62 3o g Sluaguls N
#1580 \IAYY YYYVYY- Y o5 g ko Y
£/\5 Y/vs VFOVED- /5 o sUab 5 S Y
cees oo . s g ddaio Golide 0 Sloss slygeize VY
YA/D \SIY qavavay/y Sbid (o y)lS zex
\aV/3) W/AY 1) +50+20/) (o)) polao 4 0
VA/vY /vy OFA-YYS/ - =hi eolyl g olel E—
YIYA \7AN YOYAVFA/S Gy slad plo g ol § 1 \$
YY/0) VW/VE AVY - \Y¥/5 o R
YYIY- VO/FY anYaAvHa/- F95we
buwgio ST b (oS Vi W
VITA < IAY AYYava/y 35 w815 b SeSume Y
YA/SA \EIVY Y YYYYA/ e
0+/YA YA/A AVYVAREY/ e g Olial b 3 o B L5l A
A7ARN Y/EA FEAVAN L/ 39y olou; aldgy Cgin juw blis o) 3
\WE/YA Voofos FVFAVY ¥/ Iz

(VoY (ol o (adl £5b) e

2 g amde pelail 33 1) 0 a5l hopy (p i (SeSme (3] 23,5 (oo osaliie VU Joio )3 &S psbolen
loailiw 4 a2 b ogdo Jold 1) 3aed (3] gaw (p VL $LaS 5 SHb 60 (Slesd Slas ) (e
o loiply o s aw )3 (Bigel g s slab 5 SHb sla )l i A b o e 5> ikl

3o U3 1) 5 e Sas p)lS (ST Cumdy (V) S5 s 5 1) 39008



VY R (5900 SaLAS (655l (wrypr [ (6251 g (mwlorb

¥ 1 T ¥

272000 276000 280000 284000

N

¥

0 5001000 2000 3000
_——
i sleaaly
EJA-;I"‘ B e [ JEIY B =yl iy s dagpme s e
ol e ot st I -~ s s e -
iy | RPN [ L |

-~ i ple s s o s
STays | R . Bty e [ s S5,
— -J'“" -— sl -h’:""‘-"

VFoY Jlo 13 29290 29 45 (sl joed (221) 2V JSU5
(VEY o menis wadi 5b) 1 2k0

Lasdl § Cou
9l Al Jilow 413 (oo Ao 3o G 1 ) (5518 5 5 SasS sl io 4 sy Cundy S 450
SrSmenas 83 doml dnl & (s308 3lie parass g b gl b it Cuglgl g Cuenl (bl 25 e S
polis & (23 0jg g Bt 5 dadotin Cuodl culpd s (S mranss 0 IS0 belse 4 255 b oilpe aluds
2SS L s iagh cnl 3 (VY AT (oes 5 jbjees) wilbioe (e dluds Jilod gl Jolpe Sl cniile
Sodlatel b bajline g Lailgd (s Cu jl 3)92 sliyline 2j g bajlme QL] 1 (o5lye aldes oS Jol e
g5 A w4 ph8I Ll ol 53 canl 0ad Ly (pl s 41 a8l ol paiasiin L ojglie 5 (als )l «ode e

ol 053135 gyl (b)) & 2 o 45 0b Gael slalad (5l 1 5o sted sl )l o il )8 ]

o sUad 4 (S5
@ S 10y 5 sl ad)) G365 lacloe (B9 sl ol 1 b Sakare g s Conb (YL LB
lin) 25y (VWA ooySad g silae) ol olglyd sl (So5sb 5 Slgy ciaid suuible Ceadl o (5185 g
¥ USE olplhs sl )58 VL Coglgl Sl o lll plad ol b (sl g SHb @ yglne 3 bjgel (slalias
oo g Casl Sy e slalad 5 Sl a bl o yiod S ) reb )3 (bjoel slalad &S amd e L
g Sk 4 (o5 Al )3 g dgdiee alslS gl Bl i | Bgdioe 590 s slalad 5 )L I jaiz e

Sl Caa G b))l (YLl ogllas sl plyiea syt +=Fre galoll 0)5 fuw ) oo slalad



\f'f}l{‘) “Aﬁ,l“i& Y ;0)9.5 slaﬁl)» aolilad V¥

S5 510b5 (i 9oL Canglla (s b Conlua 5l hoyd QMDA & S0355 4 )amisgy g 35yl0,95 0 (D590l (slalias
& gypo Aee =Neve il i slaalolil joy8 5 20l Sl sadedly (il sla e (¥ JSWS) cwl S 4
Gipdeby can S iyl p 35S 5l e Se o Sallaol lgicds dad o Jold |y pead Coline jlaoyy </YY 2gas

272800 6200 200000 med0

i sty
&l e g gl
T o b O 1 gl

(B s eyt o S ol

T ) gl PRCES 0 50 1100

o U8 g LS, @ (e (bl 1 (o9l GLAS (555l ol ¥ JSS
(VFY (Gaios b)) :ani

2,200 3300 & 400

P50 3b5 Cagllas Sl e (sLad 5 LS (S35 )3 (Bjel slaldd )5l Glise o wmd 0 (L (Y J5i)
(Y Jgda) dised o8 s Cangllae (sl gl 5l aoys +/+¥ o5 9 0L (b casgllae gyl lalias oyl 5 o p> A5 el
03 e i Jeadias |y e sLdd 5 LSl (S35 53 (oBjgal slalid )5l i 30

o gUad g BS,L & (Sud35 )y (ojgel LAS (g5 5L ol T Jgua

9 sl alold 4130 KW (,us2) colme Casgllao ol a0
) Voo a5 HAYY 0L s cugllas
v ¥ Y/0A Vol 2j Csllan
[ S V-0 0 Lsgie Capgllao
¥ Ae- -YF v o Cagllas
‘ - T ' S b ol
Voo £AVY € g02n0

(V¥ (iriow (soatil) ravio

S 9 (K23 Olumwhe &) (S9355
(S 5 (Sin sgel slasoly BabulS Jels o a3l (Kia oS S e 5 ol oS S

033 yioS (Syb g (Sibyd luwohe | bigel (glalas calols ax ya s o ol (B K)ol ply bl e jlxe



ARIA

R (5900 SaLAS (655l (wrypr [ (6251 g (mwlorb

Oty Blosd )3 J15ye3 (6568 Cunallas 5l ol il yidis alad oyl 5l dlold g0l (LS g 0L cusllas (glyl> sl
b glaplSe glsiedr joy3 5 (25,0 SO Mo 5 oglhae sl plgisds (pdg) jow g 0p5 jaw SO)b SIxe
35 (o0 (Bye oS (S g 5 Cupllas

3 T ey S

T gl

o sheinty
& il gela et

(B A uipline B A iyl

L e i

S Nl 0 550 1,%0 2200 3300 4,40'2

mesdo

¥

S0 g (S yd Oluwio a1 (9335 (bl 1 (o je0] (LA (6,5 5lw (500 O JSWS
(VE ¥ (o (gloatily) :io

S (s T g e Y S gy g 038 e SISl o a3 0 0125 (0) UK 5 (1) e
N ple ool Wlos )5 (Byme b (ks 5 3L cumgllan b alaplSe plgisas Ngd o Jolis 1) jod Conlia I 22> VY
L 508 5 (b o)k slagle 5 2)lay55 5 sl (slald syl car iyl il 3 SIe b))l 5L

Jols 1y jed 5l 0oyd DA ggecmeys oS W)l )3 (oyte Vere Sl G g ste A Al 3 LaplSe o pogllasl lgis

At JJ5)08 1 bt (Sisel slalad Sleils can S (55 opyieS e Ko (ol W o0

S0 g (a2 yd Olunwio dy (9035 y3 (oije0l Slalad (g, 5l o0 I Joao

39 sl dold KW (L) Co e Cogllao oy a0
a Y. Y. 240 3L ki csllae
\4 \\% VY0 3l Cugllas
iy S \$ v Lgio Cagsllas
v Aee W AYY oS Caglhae
\ RV 0 YYoR oS b Caglls
Voo £V Esaze

(V¥ (oo (glaatily) :io

P Basly 4 (S35
RS B slag )l ilolia 5 b gdaw 53 (95U i)l sl (GbolKe il A (2 otes
slosly (lspn s cpds g 00 (JeSme (slad S (slajls 5l (Ko plgiear (bjgal (slalas (VAT dosen) ol
claal a4 oyl oo &Sl sl [ jle Jgl dawgio 5 ol gblie 3 jogasd SeSue oyl L Lbjgel




\f‘f}l{). “Af;b)u Y 3)9.5 slaﬁl).» aolilad Rt

Sl bl il mlss Ty gllae SI31 55 Slgy 5 (g5 i3l ligel S0 (gl ool Ll sl 2 oMo gSis
<ole, L“’OT O Aol Bl S il 0g el LSl )y cwnlie coge (SeSue )5 4 0 ol (o5
Caslls (gl (Sl)) 28l a8 GgSus Gblio I bjoel (slalid (galold app dmd o (L5 (£) S5 cplply 235
Jow ) b Mo cplpliy 53,5 0o 13)95 2 (5568 Cagllae I o2l 3l juti LS ol Sl alol g0k (LS g 3L
o5 S 9 05 Caglle b bl plgisar jo8 5 (2550 Sy L Olore 5 Ggllae S e (385) e g 0y

W3)S (o By

mrne 274000 730000 Me000 N

¥

= A A Syl B A Satyliee 2
; 0 550 1,100 2,200 3300 4400
B ) Sotyline S Sl - ——— —

PP (3blio ay (9355 (bl o (oujgel (LS (6,1 slw ()50 & JSUS
(VEY (Gaios glaaidl) :avio

S e ¥eemVer g oo o=V Jold b (389 Jow 5 03 Jow S, b &M 3o (L5 () S5 5 (F) g
S e cpl Wlowyd )37 (Bymo 0L (L 5 0L Cngllas b oo e lgicdy Mg o Jolds 1) youd Colus 3l as s AN
L 508 5 b o)k slagle 5 2)lay55 0 sl (slald syl car ghpaelin il 3 SIe b)) 5L
Jols 1y ped 5 00)3 WY ggemmeys oS W)l S8 (gpte Vere Sl i g ste A e Alols 3 aplSe o Fogllasl lgis

i Jl0)65 1yt objgel slalad ploile Car S (55 S 3l e ul Kb e

PP (gblio ay (355 y3 (ijeel Slalad (g, 5w o0 F Joao

39 skl Aol KW Co b Cusgllao 300
3 Y v\ YO0 3bj s capsllas
\4 ¥ Ve Y 3L Cagllas
o S v ¥.¥ Lugio Cagllas
Y A [ Yy w5 Cugllas
\ \ A ¥ao oS b cusllas
Voo £V Egexe

(V¥ o glaatily) :io



Ny

R (5900 SaLAS (655l (wrypr [ (6251 g (mwlorb

W9 sblad a (Sud3

5 oloj el o5 ool )3 sl Lol sl (S oS (ials el o)Saly cinte S Ko pelie 3 (B)0g 4 g

irs Sl lnli S98 e (85 igel S G 3 S5 Gl ely pu 2 ehee seile 45 Cusl 3559 (Sl S

b (V) JS5 gl iy ol gl (23l (53 S o8 GRl5El g 59 Ansi S 53 pte o Slwpde (g 9 0922
ol 5 alold g 3b5 (s g obj Camglla gyl ()] Al 208 (03559 slalad Sl (ol (slalad alols apym amd 0
Oyt (pdyy o g 0p5 o Sy b Moo plply 13S0 4Iy58 0 (650 Cuagllas I (L2l A8l e lalad

i3S o0 (Bye oS (b g 08 Cagllas b slag e lsied jo B 5 (2550 S5y L Ve 5 ogllae (slaglSee

LT

12000

e e e

276000

000 N

S Sl g L eyl
TR A A Covpline [ T e oyl
b glin e el

359 S0 4 (S35 bl 1 ool (SLAS (5,5 5l l5a0 Y JSUS
(VF ¥ (Gulos gatdly) :anio

S gy ¥eoVer g gpio =Yoo Jolgd b (3g) s g 0y s SBSS) b @ More s 0 (Ui (V) S5 5 (0) Jgo>
VL T plSe pl il oo b (LS 50k Canglhae b olaplSe plgiedr g 89800 ol |y o Colis jl 20> TO
2 llSe cuoglash (lsis b 508 5 ()l S5y b slaglSe g 2yt (oBjel slalad slml e e i3)l
oS e ool Sgdee Jold |y joed jl0oy> ¥7 ggamme)> & )ls 55 (gt Vee 5l (i g g0 Are Al

9339 35150 4 (925 )3 (w0l saLad (g )55l l5u0 B Jgax

At 1yg3 s igel slalad olels cas S 3;))

39 sl aolé KW Co o Cugllo 4ylia0
3 Y i Y 3bj ks Capollae
\4 ¥ A Wys 3l Cugllas
o Foo 4 \N\74 Lugio Cagllas
¥ A i AVY o5 Cuglas
) Voo At yaar oS s casllas
Voo FIVY g0

(V¥ (gniod glaaily) :auo
oo STp0 41 (SUd5



VFoF o A, lond VY B 95 Ll i doliiad

A

boaSh ooy Sgm iugd Lialiw Lue a1y 3,8 Lases a5 3,9 Jlas 4 oges slalias I clawod ol o |y (adde Sl
salad clonl g (Sinjd agzg Coghi 2 oo i (sloia] = Sinjd i (pdy g elon] OMols (ISl sl
ede 3STye 5l iz yn oS sm e 5 (A) S5 dpgle wali® 1y gy 5 (S5 Sl Ao g 0gad W] (el

2 oM g b e dpdle & e atlS jsel (slalad Cungllas 5 o)l e ) g e 485 alold

Dgdiee b Olje ol (B Moxe

00 N

¥

i sleat
N i P
B el gl T gt
T A oyt T A gl
B D e

0 35 10 2200 3,300

oo 35150 41 (S35 (bl 2 (oa590] BLES (5,5 (a0 A JSS
(VF ¥ (Gulos gatdly) :anio

S e VrrmVer g gyio o =Ver Jolgd b (dg) Jow g 085 jaw SlaSoyl Mowe a3 00 (Ui (A) US55 () g
o bgle ool Wb 3b5 (A 53k Caslhae b alaglSe pliedr 5 Bgd o Jolid 1) jaed Colis 5l boy> YA
5 sy A alold o lalSe oy sllash plgie b 508 5 26,6 5y L slag e g 039 osllas (S0l (slaliad olx]
o o 3 08 oS ) s Joli Iy b S 2o VY ey o 3 5 cgyie Ve 5 i

oo 150 a3 (9355 53 (uijgel Salad (g, 5w ol £ S

A 13,95 3 s bigel (clalas olesls

39 juse! aold KW Coluns Solkao ol
N Y.. vy VFFY.VVA obj (L cugllao
v £ 73 V5L 0.¥OY obj cupgllan
) Fee \a VAT, -5V Lgio Capsllas
v Aee X FEAASAN »S Cagllas
\ - ¥\ WAL »S S Cugllas
YYV.SAVY FIves

(V¥ (ios (glaadly) :vio



M4 R (5900 SaLAS (655l (wrypr [ (6251 g (mwlorb

Slogd 9 (Fudlagg 315 51 (5593
3 el glaie )5 (a3l (objsal 3150 (sl Aidl ALbld Cal (oo o ol Sagl 4t b Slos 5 itlage S5
5 b lgw g ol oy dge > &S Wik S wls alol ] g Nigde ogucme JEHLL (lagleren
(V5 AYAD cpylie 505 5 Silogs lojlw) sio Yoo s Cale) 1 098 JStio jlad Sho pl 4y (o yid (oo
348 3980 odalie () JSd () 1 3 Sloyd STpe sl s> iz Jlosl b il 55908 62 ol Gl
olis () Jsub W aidl oo canlial (ghmdg (s 5 03,0 Caley |y map ool poslde (B c0lns b jlse S
53l el (b8 b gladle Bl 1 5 oS S b 65550 il 0 it (hjael slalad (o)l je amd o0
Flye ool 4 3z pn (WS 5 il JB 5l (l5e 39500 485 alols Slopd g (idliee STy I i o aST > ol jri

P90 03938l (55 5b (e 9 065 ) Sl Gliee Sl S35

mano 274000 730080 Mem0 N

¥

nr

A glaiaty
R
T 3y i T gl
"N e e oyl N T e iyl
[ ey Sargliee [T eaned

Flogd 9 (Ml 150 &1 (S35 bl 32 (W90l (SLAS (5,5l (im0 A USS
(VEY (Gaios glaaibl) :avio

YV oS oyt ¥rooVee g (gpte +=Vor Jold b (206 5 J0)8 sy b @Moxe dd o Ui () S 5 (V) Joo
gy e 9 e S5y b Sl Ko a8 b p> wgd oo Jold |y 087 (LS g o8 Capgllan b oo lgie corlins ooy
Joli 1y 308 51 003 OF ggazmay &5 35l 8 gyt Voo ) G g syt A e Aol 3 lag e o pssllas (e

At I3 )5 s Sigel salas leils cr e 55 il S cpl e s

Floyd 9 (e 10 4 (Su355 y3 (o jgel (SLaLAS ()5 5L (im0 Y Jgor

39 kel aold KW Coluno Carglhao 500
\ \ W o o b Cagllas
v ¥ v VY] o Conglae
5 5o \$ ave bwgie gl
v A 1 £50 3bj cugllae
N Yeon Y Y5 A b (ke caullae
Voo I4)\A! Egore

(VFo¥ (o (glaaidly) oo



\f‘f}l{). “Af';b)lo*s Y 3)9.5 ‘laﬁl).» aolilad VY~

e 9 (BB 628 51 590

bl bjeel (slalad abgse )3 1) ogllasl il 5l orisdlnl o gl (Sogll > 4 ya paw 1> (6550 > 3929
Lilyps ool p bl ol bl 3 S5 cped & djloge aalge s by oligeltils (et ol 5 235 e
o Caind (WAL (ojlie o g dmwgs csjlogh (lojl) Canl (ol 38150l 1 ji0 80 e o o oo (bl
G | (slaivo £ )8 Capmbga (Vo JS8) 2Bl oo camlio CumBgo (g1 8 518 yio 00 vl iy oy )3 457 (o )le
Sojls cplpls 3, )13 (ato (BB 62w 5> (e yid @l cpl B amd oo (LS () e oyl 4
l 58 5 inio slas S aibols

w00 276000 730080 a0 N

¥

i gleaty
Sl gl i o glian
B e AU o eyl
I A ke eyl I e
s Saryien S e

P Gxiao 3150 a1 (9355 (bl 2 (w5900 (SBLAS (5,5l s Ve JSS
(VF ¥ (Gulos gatdly) :anio

0 580 110

2.200 3300

YWaS gypte ¥roomVer g gyt o=Ver Jolgd b (20U 5 jo)8 slacs) b Mo dad o lis (V+) US55 (A) Joo
S Iy Bgdee Joli 1) o5 (b 5 65 Casllae b 2l plyis g Joli 1) ) oed colue 5l o)
S 513 e Verr Sl Gl g spte Are ol 3 S oslhae (lgie b dg) a9 jee SO L laglSe
St shigel slalad leils caa e )l cnjtie ) aplSe cal Wgde Jold 1y jaed ) ao)d DA ggema)

A )13)55).3
BB g (o SThe 4y (S35 55 (owj90l (SWLAS (5, (a0 A Jgo
39 sl Aol KW (,b) o luno Cugllro 4yl 5ue
\ v \. BYYY oS kS calae
v ¥ W WY oS Cugllas
) See \$ YaA Lawsgio Capgllas
v Aee W ¥¥A 3l Cugllas
N Veoo 0 S¥Y Sbj (L cangllae

Voo I4\A

(VFo¥ (iabod satil) :aio



"y

R (5900 SaLAS (655l (wrypr [ (6251 g (mwlorb

o5 35150 51 (659

bloyl o )Sap odl g colie 5 o b Bbshil 1) anl e Clasdy J5lo das slagsp)lS dozjl olla 115
S 2ol ol 8 ] o Dlusnty Sl Slacs )l e Cutel (el g pinlal > @ 503 )b 5l g Al
Ol b5 e olhe dod @k cpl el 3o LS ylte & S 1) 608l Cusbge (VY) S (VAT

Al umdg gyl g 00,8 Coley 1y o

i glaaad
R

g B e
‘ -m*“’h-ﬂw . 0 S50 100 2200 3,300 4,400
L 3h) eyl R

77800 276800 200800 Mo

o5 8150 & (S35 bl 2 (90l SLAS () 5L (yfjee VY SIS
(VP (3o slaily) o

0b) b Colus Jl doyd A bais ol (3150 4 (S0d5  (Sisel slalas ()55l Glie wad e ol () Joa>
SbsS ol oo Ll bj 9 05 (L (6)B 5k lise (6ol 2oy AV oS Sl p3 Wil o o5 9 o5 S Cunsllas (6l

o 310 4 (S035 50 (o j90] (SRS (6,5 jlw ()50 A Jgu

w39 jlso! dols 2oy (,52) cobus Cogliro ol
) v w oS b Cgllas
Y ¥ Yy oS Cangllae
o Fon ¥ Y¥s Lugio Cagllas
v A-e ) YAY 35 Capgllas
N Vel AY 0-5) 2bj (b cullas
Voo SV Egecme

(VFo¥ (oo (glaaidly) oo



\f'f}l{‘) “Aﬁ,l“i& Y ;0)9.5 slaﬁl)» aolilad \YY

SW T 35150 51 559

Mo (o390l 628 (Sl el ol g Sl ydliel Jaijl Jlo ey 5 Al o e bS5l sl )l 1 6 pn)l8 ool
SRS el Slp (VYA oo s 9 silogs plojlu) o N0+ )y (2bplSe balgs (ol ol a3l oo
23l e At (2Nl ot & Cad STpe ol gt 53 (V) US54 255 b ol 00y (o390l (sl 4y o
Alod S coley 1y mays cpl Ay g Cand cunliol cuxsg (glyld 500,50 Coley |y mu s cpl duydo O LS oS

72000 76800 200800 meao N

-

ik slaiaty
& AUET A ey oy
2 O el G I of Carglis
B0 04 S oy T A iyline
ks gt aiedatien 0 550 1400
ST STy & (Sa35 ol 2 ool SBLES (5L ol VT USS
(Ve (aios gaidl) :ame

2200 3,300 4 40

el ol jlaoys 0 Lt GLEET 5315 & (S35 5 (Bjsel sblad Cagllas (i w30 (L3 (14) g
Lo 3L 93k (L Cagllas (i )l> 2oyd B &5 Jloyd Al oo 05 9 o5 (S Camgllas b s lSe s ol

SUEET 150 4 (S35 1> (90 (SLAS (6,8 5Lw (l5ae )¢ Jgo

P39 3ol aold Aoy Coluw Cavgllas 50
) v ) £..v0 oS ks casllas
¥ ¥ ¥ YALYYE oS Carglhe
5 I 5 aAyvE Laugio Cusgllae
Y A q £0.07) 3bj Cupsllas
a Veoo A <A FAS oL i cugllas

Voo YY.5e 5 Egore

(VFo¥ (iabog satil) :aio

SH 5w (ol Al
Agw)lﬁm,mwac,%ml‘OT)J6;&%&)@0@@95«%&&%;&@‘&@'@@dgxwadlﬁ

J S lp sl B3l Olie a5 w030 (L 2L ool @S sl 0 (2b5)) 93 4 53 g0ty bajbe ple



\zwy

R (o5 390] (SLaS (6, 5l oy pr [ (6 ST g (oamwlogl

O S5l o ile WY Jodo sl JoB b cplply g 039 ) 5l a8 a8 ol <o YEY b plpy (S00S6 &4 s Jolge

IRES ) uLle ‘) ol J»b.c

PR2Ss 8y Cod Jols 51 St 2 6l s 5l (1Y) g

W RWM L i H G F E D C B A

YT A YEYAA ! A v 5 o ¥ ¥ v ) A
VY. Ay oS A v 5 iy ¥ ¥ v ) b-. B
VS Ay of- v 5 iy ¥ ¥ v | .. vw. C
Ve Y1 YO 5 iy ¥ ¥ v ) vo Yo.- ) D
Ve AY.+ VY. iy ¥ ¥ \ ) Y. Yoo Yeo v E
¥ ov. Y ¥ ¥ v ) W. W. W. W.e W.e F
Yo Y¥.. -A4.0 ¥ v ) V.. V. M. WY V. ¥ o G
Y Y. avs.a v ) YO, W W W W W W.. D
e V. ¥YY.Y Yoo M. V. M. M. M. M. M. L
) FEAY YAYSY Egeixe

o slad 4 (oo il sy g (Kb yd Sluwe 4 (So35 H ( SeSune slasly 4 So55:G ( bjye slalad 4 Soo5:F

(YF Y (aios glaaidl) samie

€5 9 625N Cuple bl g y)lS it SIS 5L las )l plo b objgal $he )5l p 3L slajlune

oS 39800 dnog NyS o 518 eyl plo b B 5ke de 5 55k cbaigyleen I i )3 o bigel SThe b ()l on
o b (oo slad )8 sip 9 (Si2)8 )l (FoSme ) 589 S e ) B Sl slags )8

g dalgs Slhe cpl @ 4 (Bigel Sy o] canlio (S alold L (Sloy g tdlage 5 LT (ixto g (2B

(O US8) conl osdig] el (2ld (sl o5yl (saslrdan (wyy polate 4

27‘201;0 ﬂ'&ﬂ;o ﬂno:'n zuo&o N

g L. )

8
'S n o
g T\
“ .
J 1 p g w ®
i 5 -
il o 7 -
: " ll
L8 A - ; 1 )
i W Y n - Al
¥ ~ bl
A sleiaty o - |
S e R ) B e 3
g el o Gyl . .
B = — |
2 e et I 5 S e
§ s oyt 0 Lx 100 2100 3300 4.400 ——

w3990 3150 L s 1,5 ol e 5,83l Y USS
(V¥ (asios slaaidly) e



\f’f)l{.j “Afs)w Y 3)53 5‘.:.9':» aolilad \Y¥

byl onlas by (s 5005 Cugllan b da g yylS plo b (g0l slalas ()5l ol5me 45 dmd oo lis (VY) Jsi>
S VAPE Lngg S ol b ol (slolias (g )85Lob iwa 45 o 3 3950 Joli |y (1uoy> ¥) Jskes) i YYAY
ol (,\w)a Yy J.)Lus)

L2y sl b (oudjool (LAS ()5 5L (im0 VT Jgir

39 %! oy e e Caglae l5ee
) 3y ey oS S Caglle
¥ T \Yev o Capsllas
A ¥A Ya¥y bwgie Cugsllas
y 3 WYY 3 Capsllas
A A by (kb cawgllae

(YFoY (aiog glaaidly) samte

b5 i 9 0L Camgllan L (Bi50] (slaliad ) 1S o 15T 5l Bj00 (slalad ) Lol todgs 2 it Jo ()
b)) Slpen cpjiin g S pjeS ggbre slagsp)lS Sl oS cul bjgel (slalad ol aved ()l
|y Ceaslio i yioS g i o) objor] (slaculles ol & wlas 5,5 bl >  3jarl slalid ol (sl
ol syl b b oel (slalad Y S o a5 Moy b irtie blie a5l 5L (slacs )8 (gow ]
il saldd (] yS a8 Ly s g ok Cangllaod 0p0) )3 &S 930 (Bjgel slalad plas Jol 4t
N3 I JB v > )5l slaisl (S sbas Lol sl awals )5 ,5WE slage S (S ©jglne )3 cwsl (S
)

il gl sl 0By o) wd 50 s plS plo b (obisel slasp)lS (6)85le obj)) 4 pols Shmgl 5
i ool i Il 3l a s S oo b (gl (slalias ()55l 5 )55 e odimo b (oolpo abual
TV o) S8 WAY Colus L ol (s 5 obj Cugllas o 50 g0l oo b (bjol (slalad o)k 5
oyl Cuwl (1oyd YY) S VAFY Jolee &S (6)B5Lob i b dwslie o polde (ol g 0 odalive (1o
B (Y lie cnlpls SBlice (b5 b )3 L)l b b (bjgel slagsp)l8 sl )5 (losas ML
S50 S5 Spanass b objgel sl il pas | (3L Wlgie (10)d YY) lag )l sl b (g0l (slaliad
5 2ol gk 0 hjgel Slacalon; cuslis dawg g D) & dag pas S 4 Wl Sialenl cpl Al g
Dgd oo wylde (gl cuslio pue (slalad sbul el a5 Wbl (g Ol ypons

dosd Sl 4 Colue it 0B 2b5) kg iy olee 5l &S Cunl ol ssims Ui (oS ol I sl oy Seke
Cuol (pl Sy Cundg cpl o)l (olaid] (1o )d YA Joleo) (LSa YAFY Colue 53,5 S0, b (lwsio cugllas L) 15500
bsgie cloaiag cnl 353 obis (god (555l g A bausgio Curgllas o (gl (654 3bbie 3l (gloses iz oS
b (LS 39290 Sy B jlel g OUSEe B )ls jliy (qw)y g 4298 4 L

O peS blie cpl 105 eyl jlo ooy (ailals g (qw)p 4 €S Cappllao? 5 €S (S Cangllaor b Mo (il >
Sl (sjitebn g parass ) (giludige 9 ol 4 jls elmd Ll ggdge (ol ) Cangllae s I 1y ()8 5lo
5,15 5158 s pogllas Cundg ) B s L (LS Cagllaor 5 L) gl b gblie (uSe s Canl (B39l



\Yo R (o5 390] (SLaS (6, 5l oy pr [ (6 ST g (oamwlogl

ol Il sl yiin a5l gasge (nl g Cunl dgdme ladigy plo b auolie 3 sblie (pl Colue ylise (Jl> cpl b

Sl bles |y o BB b 53 £) ko Cundg 9me 5 3blis

& 5 4
hadlato 5 jad 98y 5> (bjgel Auld (ol (Sailo (53l g ol slabame lyisay odjgel slalad
Jrazs & Jgrto i g (objgel sl lm 03 g oSy 4 a5 3 ool il gabie VO 390> (3l Sl ) it

S e )3y bl o b g 41,38 oo Wl ol )3 1y 398 stes Laslyd oy ige 31 Jlo VY 5 03

5 O35S g ks Wl > IS ,E 5 GAS B (jsel (slalad dame yanass Sty s Sonle
o )lS nlpln il e 55 (Bgel CunS p elatrl clie & ey Sl 25 wal e g 2 sy
Semr 4 g o0 Sinken Lgs 4 oypd cloeynl o b a5 350 GMb] placl o Walas 4 Bjle bjse)
Sl g & aits (il glroslial Jold (S ooty bagylf ol S o S (slaial 5 (3590l Lo cuieS
Lgd o 4i8)S )5 4y e e Sl plo 5 GLSLe (4l JSiie

O 30 (9oL lajlne A (lo Badiod ()l Sle (iS5 &S psblen 4828 S5 Wb () 5le (adlE w0
Slipn 95 9 $0,Skee Cuple ol 2 oo y)lS ol Mt SIS 30 s )8 o b objgel 31 (655w e
oobl 2 S e )13 s S S0 b 5Bl dass 9,5k lags)lsrpn | olacsrnaies ;3 W)l (bjgal e b oS
$gie (slaldd izenm g Cgir ((Byd Jlod (slanbls lagisy j0 (odisel (lae )l Bl e Y JSG
225 S5 0jl lebad ) Btes g ditad imen (15 pyieS gl Gblie cpl g5 e stalie yb oy g Jleaid
Alaslodrng JolS jebay jeim oS Wloads LSl SoSius (sla g 05 @l (4l

9 sl ool hl3El s & o (sLiad g b slalame o bjgal slas )8 b 5le slas )8 ol 5l e S ygboa;
5ol slalad Lol 1 J5e slajlns ol 3l o (Sojudl Jials g elazal blyy Cogli ( S35l culs; bl
YL Coglgl 5o lnkinl glad cole) b jaw slab g beS)b jglxo jd (bjge] (slalad elis (ol ply 0] o jlosd 4
it J5,95 52 o (SBLES 5 1Syl & umlin gt 31 (1) e > oBjgel (slaldd F S5 b sl oy
ol ol & s gy g (Simd o)l dagl b Bl g hjeel slalad JeSe (slag)lS S ]
P 5l Dl Y gl ol it Jla)8 1 (ormilio Copgllan 510 S5 Bl (b b 0 (sdjgel slas )l
39S diee,lS U510 1le g i ilive SMSite 4 Wl o & 1, 5leb laisyS plo b bjgel (clalass
)8 plo b o VY dgds dalad pl 5l (658 dopd (Jb e Jaowcuw) il b ccuwlio slalas
St Slp P38 Shyteln g dog a4l eamaplis Rl @je ol W) (plhe Cumdy g W o3k Bl
linaeliy Gy oS mmnad Glie lgisa Wlgie e ol @l ol s )l K00 b (ol slalad )5
)l dgrge S 28 5 5)5 5l g sl ooty 5 29 odlisl (Bjgel slais il 4 lie parass g (60

L)



\f’f)l{.j “AfB,LM‘S Y 3)53 ‘Lﬁl)» aolilad \Ys

Sb b
el 2315 o als 51 ol g ol 18] ot 1S a0 bl 5] g2 is Alis oyl < gt Bt gl sl

OB M gf i
5513 il e Giggs ol Pl ) (s

Q8o aLas
Dl el HLisl b g (Stiwwe b alaly o (=8lio slay gus )yl (o pMel B i g

PN g

WS e S5 bl Al (o) San Alde pl puis pd ST g3l,8) 5 Alde BN g

&b
oldlie SleMbl puw 5l oslitnl b Sloyd — cusligs 31,0 digy oWl (Lo ((WWAY) dll S ¢ o)l ¢ s 03]50ml ol ()
AY =V AF0) Ve (olal sl ool imgy - ol aolilad) Ll (L5958 1065 100,90 4igel)
https://mag.iga.ir/article_701236.html
SRt Tyl > b Gy Cumj potde olle () p (WWAY) g ((Bo)l Db o2l fpmina oLy S5l (¥
AD = VA (O (! sl ool Mallip 5 oty - ol doliad) Llyi (b j4d ol 25 s Slallae 4iged)
https://mag.iga.ir/article_246087.html
B0 e 4l lol  Slusl dxwgi 9 (s3ya0lp Cglae (VYAD) . s (6l s 4ol Lo (¥
https://mpo-zn.ir//amayesh
s RN Jas 3l oolil b olas cllae jlate jl (o (o8l) (550)8 oS Judoss g o)l (VF+Y) dlliue gy S ¢pling o580 (¥
YO —AY (VA) VY Ldlyis ole dolibad o Jod)) 1o 163y90 asllas) olias o,lol (clacsuss
https://dor.isc.ac/dor/http://dor.net/dor/20.1001.1.27833739.1402.21.78.5.0
O S 2 (63,90 45ge3) Slae CBl agos (lags ) ()lgmen Cugllae Llod g (b1 (VYAF) des] wdljle zl (0
A=Y (V)0 ol (o5l o 9 (5 )lomo (o))
https://dor.isc.ac/dor/20.1001.1.25886274.1396.5.2.6.2
Py Pl IS 9988 lae)lad 9 byl el plojle Sl dag o jeed sloil) juw QLS (VWAY) danl ds s (7
https://www.azmoon-mohandesan.com

els asblad o) haiate Jlk dnwgi 1 50 1S Jalgs yr (o (VoY) o (DSt gyt il o ol
AR = YA (A VY Ll
https://doi.org/10.22034/iga.2024.704872
Il oS e 2l Ao 8B (VF0Y) diomo el Sliae, S ol foml (Olglle (s rzte g iy (A
AV = AVFAAVIVY Ll ale doliliad  S5elsST Sy g cymoj om0
https://doi.org/10.22034/iga.2024.2022285.1290
P Aods gl b elinl g o aad drwgd (S Sl (WWAD) puwcsdosro cuioly fpany ¢yaapuill € ol ) ISS fhabold (b o (4
MY = AV (FANY (o) bl ool Mallows 5 (oimgh - (ool olihiad) Ll 0938 (il
https://mag.iga.ir/article_701092.html?lang=fa
adone (el ey 1aalllandg0) ol Anrg 3,09, b 63ted (8Ll 68 (L3 (VTAY) e 0l (2l g fiyend cCumgy (4B (1
NVAE (VY € o il ale
https://jtcp.ut.ac.ir/article_54782.html
16390 adlllao) (6 30ed (o) Siytelin Sl (o) ol (Jasroun = (o) (b)) (VWAR) dpusl e £l S (V)
DY = BV {EENA ) oldls esol (Mol o 5 (g - sole doliliad ()] 45 VY dilae
https://dor.isc.ac/dor/20.1001.1.27172996.1399.18.1.4.9



1A R (o5 390] (SLaS (6, 5l oy pr [ (6 ST g (oamwlogl

(VYR0) IWYO-IYRD (cla Sl (o (s 106 (oS 5 955 (o508 (oladp o @l (ol Jlel 350 (VY
https://amar.org.ir/population-and-housing-census

ol 0,5 55ge] slalad pd canb (a8 swlid b (AYA) cdows odmw (93] p0 po g dabold ]y 03l jpdpe Sy ¢ yilae (VY

TV=E2 (V) ¥ g0l (6y9ld (img

https://doi.org/10.22061/tej.2009.1334
OleMb! i jl odlatol b (s Sy (5,8 585k (asls obj)l g Lo (VF)) . lyelS ¢yl ylided 5 53000 ¢ ol8g (VF

NV=AYE WYY € paw?  oldl s SleMbl Lingh — oo doliliad . LEL 10 1 63)50 asdlllao — Ll jas
https://doi.org/10.22131/sepehr.2022.699913
15) Adhikari, B., & Li, J. (2013). Modelling ambiguity in urban planning. Annals of GIS, 19(3), 143-152.
https://doi.org/10.1080/19475683.2013.806355
16)Ahadnejad Reveshty, M., Sajjadi, Z., & Yari-Qoli, V. (2018). Examining the concept of urban livability in
urban development plans (Case study: Comprehensive plan of Zanjan city). Geography (Scientific-Research and
International Quarterly of the Iranian Geography Association), 16(59), 95-108. [Persian].
https://mag.iga.ir/article_246087.html
17) Alexander, K. W., Benjamin, M., & Grephas, O. P. (2012). Urban landuse suitability assessment using
geoinformation techniques for Kisumu municipality in Kenya. 13(2), 522-530.
https://www.semanticscholar.org/paper/
18) Azadi, H., Vanhaute, E., JaneCkova, K., Sklenic¢ka, P., Teklemariam, D., Feng, L., & Witlox, F. (2020).
Evolution of land distribution in the context of development theories. Land Use Policy, 97(2020), 1-9.DOI:
10.1016/j.landusepol.2020.104730
19) Bagheri, B., & Kenaanpour, A. (2023). Evaluation and qualitative analysis of urban land use from a spatial
justice perspective using RN model and spatial statistical techniques (Case study: Ardabil city). Geography
Scientific Journal, 21(78), 75-92. [Persian].
https://dor.isc.ac/dor/http://dor.net/dor/20.1001.1.27833739.1402.21.78.5.0
20) Cao, R., Zhu, J., Tu, W., Li, Q., Cao, J., Liu, B., ... & Qiu, G. (2018). Integrating aerial and street view
images for urban land use classification. Remote Sensing, 10(10), 1-23.
https://doi.org/10.3390/rs10101553
21)Ebrahimzadeh, 1., & Zarei, Sh. (2012). An analysis of the optimal location of health-care centers using
Geographic Information System (Case study: Firouzabad city). Geography (Scientific-Research Quarterly of the
Iranian Geography Association), 10(35), 83-104. [Persian].
https://mag.iga.ir/article_701236.html
22) Fu, Y., Zhou, T., Yao, Y., Qiu, A., Wei, F., Liu, J., & Liu, T. (2021). Evaluating efficiency and order of
urban land use structure: An empirical study of cities in Jiangsu, China. Journal of Cleaner Production,
283(2021),1-11.
http://dx.doi.org/10.1016/j.jclepro.2020.124638
23) Gao, P. P, Li, Y. P, Gong, J. W., & Huang, G. H. (2021). Urban land-use planning under multi-uncertainty
and multiobjective considering ecosystem service value and economic benefit-A case study of Guangzhou,
China. Ecological Complexity, 45(2021), 1-20.
https://doi.org/10.1016/j.ecocom.2020.100886
24)Haj Alizadeh, A. (2017). Evaluation and analysis of the suitability of public land use adjacency in the middle
urban texture (Case study: Sabalan neighborhood, Ardabil). Sustainable Architecture and Urban Planning, 5(2),
71-84. [Persian]. https://dor.isc.ac/dor/20.1001.1.25886274.1396.5.2.6.2
25) Harris, J. M. (2000). Basic principles of sustainable development. Dimensions of sustainable development,
1(4), 21-40. https://www.researchgate.net/publication/23742119
26) Hashem, N., & Balakrishnan, P. (2014). Change analysis of land use/land cover and modelling urban growth
in Greater Doha, Qatar. Annals of GIS(ahead-of-print), 21(3), 1-15.
https://doi.org/10.1080/19475683.2014.992369
27) Healey, P. (1992). Planning through debate: The communicative turn in planning theory. Town planning
review, 63(2), 143-162. https://doi.org/10.3828/tpr.63.2.422x602303814821
28) Hersperger, A. M., Oliveira, E., Pagliarin, S., Palka, G., Verburg, P., Bolliger, J., & Gradinaru, S. (2018).
Urban land-use change: The role of strategic spatial planning. Global Environmental Change, 51, 32-42.
https://doi.org/10.1016/j.gloenvcha.2018.05.001
29) Holguin-Veras, J., Ramirez-Rios, D., Ng, J., Wojtowicz, J., Haake, D., Lawson, C. T., ... & Cara, W. (2021).
Freight-efficient land uses:  Methodology, strategies, and tools. Sustainability, 13(6), 1-24.
https://doi.org/10.3390/su13063059
30) Hsu, W. T., Holmes, T. J., & Morgan, F. (2014). Optimal city hierarchy: A dynamic programming approach
to central place theory. Journal of Economic Theory, 154(2014), 245-273.
https://doi.org/10.1016/j.jet.2014.09.018



\f’f)l{.j “Afs)w Y 3)53 ‘Lﬁl)» aolilad \YA

31) Huang, G., Li, D., Zhu, X., & Zhu, J. (2021). Influencing factors and their influencing mechanisms on urban
resilience in China. Sustainable cities and society, 74(2021), 1-20.

http://dx.doi.org/10.1016/j.s¢s.2021.103210

32) lannillo, A., & Fasolino, I. (2021). Land-use mix and urban sustainability: Benefits and indicators
analysis. Sustainability, 13(23), 1-18.

https://doi.org/10.3390/su132313460

33) Jana, A., Sarkar, A., & Bardhan, R. (2020). Analysing outdoor airflow and pollution as a parameter to assess
the compatibility of mass-scale low-cost residential development. Land Use Policy, 99(2022),1-14.
https://doi.org/10.1016/j.landusepol.2020.105052

34) Kangas, K., Brown, G., Kivinen, M., Tolvanen, A., Tuulentie, S., Karhu, J., ... & Juutinen, A. (2022). Land
use synergies and conflicts identification in the framework of compatibility analyses and spatial assessment of
ecological, socio-cultural and economic values. Journal of Environmental Management, 316 (2022), 1-13.
https://doi.org/10.1016/j.jenvman.2022.115174

35)Karami, A., & Mihanparast, A. (2020). Environmental-land suitability assessment for urban land planning
(Case study: District 22 of Tehran). Geography Scientific-Research and International Quarterly of the Iranian
Geography Association, 18(64), 51-63. [Persian].

https://dor.isc.ac/dor/20.1001.1.27172996.1399.18.1.4.9

36) Kashefidoost, D., & Haji Nejad, A. (2015). Evaluation of urban land use with a sustainable development
approach  (Case study: Piranshahr).  Territorial  Planning Journal, 7(1), 71-94. [Persian].
https://jtcp.ut.ac.ir/article_54782.html

37) Kilkis, S. (2022). Urban emissions and land use efficiency scenarios towards effective climate mitigation in
urban systems. Renewable and Sustainable Energy Reviews, 167(2022), 1-
20.https://doi.org/10.1016/j.rser.2022.112733

38) Lagopoulos, A. (2018). Clarifying Theoretical and Applied Land-Use Planning Concepts, 2(1), 1-20.
https://doi.org/10.3390/URBANSCI2010017.

39) Liu, J., Zhang, Z., Xu, X., Kuang, W., Zhou, W., Zhang, S., ... & Jiang, N. (2010). Spatial patterns and
driving forces of land use change in China during the early 21st century. Journal of Geographical Sciences, 20,
483-494. https://doi.org/10.1007/s11442-010-0483-4

40) Luan, C., Liu, R., & Peng, S. (2021). Land-use suitability assessment for urban development using a GIS-
based soft computing approach: A case study of Ili Valley, China. Ecological Indicators, 123(2021), 1-13.
https://doi.org/10.1016/j.ecolind.2020.107333

41) Michalos, A. C. (Ed.). (2014). Encyclopedia of quality of life and well-being research. Dordrecht: Springer
Netherlands, 171(2014) .8-14.

https://doi.org/10.1007/978-94-007-0753-5.

42)Mozaffar, F., Mahdizadeh Seraj, F., & Mirmoradi, S. S. (2009). Recognizing the role of nature in educational
spaces. Educational Technology Journal, 4(1), 37-46. [Persian].

https://doi.org/10.22061/tej.2009.1334

43) Rahman, M. M., & Szab6, G. (2021). Multi-objective urban land use optimization using spatial data: A
systematic review. Sustainable Cities and Society, 74, 103214.

https://doi.org/10.1016/j.5¢s.2021.103214

44) Rounsevell, M. D., Pedroli, B., Erb, K. H., Gramberger, M., Busck, A. G., Haberl, H., ... & Wolfslehner, B.
(2012).  Challenges  for land  system  science. Land use policy, 29(4), 899-910.
https://doi.org/10.1016/j.landusepol.2012.01.007

45) Saeednia, A. (2004). The Green Book: Municipality Guide. Tehran: Organization of Municipalities and
Rural Affairs Publications. [Persian].

https://www.azmoon-mohandesan.com.

46) Samat, N., Mahamud, M. A., Tan, M. L., Maghsoodi Tilaki, M. J., & Tew, Y. L. (2020). Modelling land
cover changes in peri-urban areas: A case study of george town conurbation, Malaysia. Land, 9(10), 373.
https://doi.org/10.3390/1and9100373

47)Shah Ali, A., Sarvar, R., & Tavakolan, A. (2024). An analysis of key factors affecting sustainable regional
development in Makran. Geography  Scientific ~ Journal, 22(80), 19-38. [Persian].
https://doi.org/10.22034/iga.2024.704872

48)Shahriar, F., Gandomkar, A., Hashempour, R., & Ramesht, M. H. (2016). Feasibility study of urban
development and establishment of new cities in Qazvin province. Geography (Scientific-Research and
International ~ Quarterly of the Iranian Geography Association), 14(48), 73-91. [Persian].
https://mag.iga.ir/article_701092.html?lang=fa

49)Sharifi, P., Manouchehri Miyandoab, E., Javan, Kh., & Ramazani Mehrian, M. (2024). The impact of urban
land development on landscape patterns and ecological risk. Geography Scientific Journal, 22(82), 129-148.
[Persian]. https://doi.org/10.22034/iga.2024.2022285.1290



AARS R (o5 390] (SLaS (6, 5l oy pr [ (6 ST g (oamwlogl

50) Statistical Center of Iran. (2016). Detailed results of the Population and Housing Census of Zanjan City
(1956-2016). [Persian].

https://amar.org.ir/population-and-housing-census

51) Stewart, T. J., & Janssen, R. (2014). A multiobjective GIS-based land use planning algorithm. Computers,

Environment and Urban Systems, 46(2014), 25-34.

https://doi.org/10.1016/j.compenvurbsys.2014.04.002

52) Taleai, M., Sharifi, A., Sliuzas, R., & Mesgari, M. (2007). Evaluating the compatibility of multi-functional
and intensive urban land uses. International Journal of Applied Earth Observation and Geoinformation, 9(4),
375-391. https://doi.org/10.1016/j.jag.2006.12.002

53) Taleai, M., Sliuzas, R., & Flacke, J. (2014). An integrated framework to evaluate the equity of urban public
facilities using spatial multi-criteria analysis. Cities, 40, 56-69.

https://doi.org/10.1016/j.cities.2014.04.006

54) Taleshi, M., & Ghobadi, A. (2012). Urban land use sustainability assessment through evaluation of
compatibility matrix case study: Karaj City. OIDA International Journal of Sustainable Development, 3(1), 57-
64. https://ssrn.com/abstract=1986523

55)Vafaei, A., & Dolatiarian, K. (2022). Assessment and evaluation of urban land use compatibility index using
Geographic Information System - Case study: Kashan city. Geographical Information Journal (Sepehr), 31(123),
107-126. [Persian].

https://doi.org/10.22131/sepehr.2022.699913

56) Yang, J., Li, S., & Lu, H. (2019). Quantitative influence of land-use changes and urban expansion intensity
on landscape pattern in Qingdao, China: Implications for urban sustainability. Sustainability, 11(21), 1-18.
https://doi.org/10.3390/su11216174.

57) Zanjan Municipality Statistical. (2016). Deputy of Planning and Human Development, Statistical Yearbook
of Zanjan City. [Persian]. https://mpo-zn.ir//amayesh

58) Zhang, X., Zhou, J., Li, G., Chen, C., Li, M., & Luo, J. (2020). Spatial pattern reconstruction of regional
habitat quality based on the simulation of land use changes from 1975 to 2010. Journal of Geographical
Sciences, 30, 601-620.

https://doi.org/10.1007/s11442-020-1745-4

59) Zheng, H., Wu, Y., He, H., Delang, C. O., Qian, J., Lu, J., ... & Li, G. (2023). Urban land use eco-efficiency
and improvement in the western region of China. Journal of Cleaner Production, 412(2023), 1-15.
https://doi.org/10.1016/j.jclepro.2023.137385

60) Zhou, L., Dang, X., Sun, Q., & Wang, S. (2020). Multi-Scenario Simulation of Urban Land Change in
Shanghai by Random Forest and CA-Markov Model. Sustainable Cities and Society, 55(2020), 1-36.
https://doi.org/10.1016/j.scs.2020.102045

61) Zhuo, Y., Zheng, H., Wu, C., Xu, Z, Li, G., & Yu, Z. (2019). Compatibility mix degree index: A novel
measure to characterize urban land use mix pattern. Computers, Environment and Urban Systems, 75(2019), 49-
60. https://doi.org/10.1016/j.compenvurbsys.2019.01.005



