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With the increase in the population of the elderly and the ever-increasing
expansion of the population of cities, the necessity of adapting urban
development to the priorities of the elderly in order to participate as much as
possible in this segment of the society is raised more than in the past. In order to
achieve an elderly-friendly city, it is necessary to examine the current state of
the city and inform it to the city managers in order to plan and formulate future
design policies. For this purpose, there are various methods to check the current
situation of the city, one of these location-oriented methods is the use of OWA
method with GIS. In this research, age-friendliness by using 9 layers including:
access to public transportation, urban green space, medical services, public
libraries and sports centers along with the layers of air pollution, urban traffic,
noise pollution and thermal pollution with the OWA method A survey was
conducted in 49 neighborhoods of Bojnord city. The results showed that the
development of Bojnord city from the point of view of urban geriatrics has not
spread uniformly everywhere and the central part is better than the new parts of
the city despite its older texture. Also, its central and eastern parts have better
conditions than other parts of the city, and the southern part was shown to be
very unsuitable. Based on this, Seyyed Jamal, Sardaran and Jajermi
neighborhoods have been identified as three desirable neighborhoods, and
Daneshgah, Ahmedabad and Malekesh neighborhoods have been identified as
undesirable based on nine criteria. These results are highly consistent with the
field visit and completion of the questionnaire along with processing the
resulting data using the Copeland method. Therefore, it is suggested that while
developing all neighborhoods of the city, the southern, southwestern and eastern
parts of the city should be given more priority.
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Introduction

Governments in many countries are facing two major demographic phenomena: population aging and increasing
urbanization (Huang et al., 2018; Srichuae et al., 2016). These two trends are growing at a very rapid pace (Yeung
et al., 2022), and projections indicate that by 2050, the global population aged 60 and over will reach an
unprecedented 2 billion people (Steels, 2015). As people age, their need for specialized services and appropriate
facilities that enable them to participate actively in urban society increases (Van Hoof et al., 2018). Accordingly,
various strategies and policies have been proposed to address the specific needs of older adults, referred to as “age-
friendly cities” and “age-friendliness,” which describe some of these initiatives and actions (Buffel et al., 2012).
Evaluating the status of an age-friendly city requires effective tools and methods capable of considering multiple
indicators that influence the quality of life of older adults, integrating them, and ultimately assessing their urban
living environment (Jelokhani-Niaraki et al., 2019). North Khorasan Province, with a population of 995,831
people—of which approximately 6.9% are elderly—is currently considered a relatively young province, as the
proportion of elderly individuals is about 0.1% lower than the national average (Statistical Centre of Iran, 2021).
However, due to the declining population growth rate and the province’s high migration rate (it is the most migrant-
sending province in the country relative to its resident population), health experts have warned about an impending
wave of population aging in North Khorasan, particularly in the city of Bojnord. These factors together indicate a
future aging trend for the province despite its current youthfulness. This study examines several characteristics of
an age-friendly urban environment in Bojnord based on the current conditions of the city, the World Health
Organization’s standards, and a neighborhood-based approach. It aims to assess each neighborhood individually,
compare them with one another, and determine which neighborhoods are suitable or unsuitable for older adults
using the global OWA (Ordered Weighted Averaging) method.

Materials and Methods

Studies show that various methods can be used to assess the current status of a city, one of which involves spatial-
based approaches such as the OWA method combined with GIS. In this study, the concept of age-friendliness was
evaluated using nine layers, including access to public transportation, urban green spaces, healthcare services,
public libraries, and sports centers, along with layers representing air pollution, urban traffic, noise pollution, and
heat pollution. The global OWA method was applied to analyze and assess age-friendliness across the 49
neighborhoods of Bojnord city. In this study, after calculating the weight of each layer, the inconsistency rate was
found to be 0.07. The inconsistency rate is an index that indicates the degree of consistency in comparisons and
reflects the accuracy and validity of pairwise evaluations. The established threshold for this rate is 0.1, meaning
that if the obtained value is less than or equal to 0.1, the comparisons can be considered consistent and reliable.
The use of this coefficient helps in analyzing the decision-making process before finalizing the weights and
provides a more comprehensive understanding of the evaluation results. Since the AHP method faces certain
limitations in dealing with inherent uncertainty and mapping using precise numerical values—where the range of
its functions is defined as a binary set of 0 and 1—fuzzy logic provides a more flexible framework. In contrast,
the range of fuzzy membership functions spans a continuous interval from 0 to 1. Therefore, the Fuzzy AHP
method employs a range of values to represent the uncertainty inherent in decision-makers’ judgments. In this
approach, fuzzy numbers are used for pairwise comparisons of alternatives, and the geometric mean method is
applied to determine the weights and preferences (Chang, 1996). The OWA algorithm was applied locally to the
criterion layers. In fact, OWA (Ordered Weighted Averaging) is a method used in multi-criteria analysis that
allows decision-making based on multiple, and sometimes conflicting, criteria to identify the optimal solution. In
this method, a pairwise comparison matrixis created among the alternatives for decision-making. According to
various multi-criteria decision-making approaches, if the number of times an alternative is preferred over another
exceeds the number of times it is dominated by others, the value 1is assigned to that cell in the matrix. Conversely,
if there is no majority or if the votes are equal, the value 0 is assigned. A value of lindicates that the row alternative
is preferred over the column alternative, whereas a value of 0 means the column alternative is preferred over the
row. After evaluating all alternatives, the pairwise comparison matrix is formed, where the sum of the elements in
each row represents the number of times each alternative dominates others. Up to this stage, the Copeland methodis
similar to the Borda method; however, the main difference is that Copeland considers not only the number of wins
but also the number of losses for each alternative. The score assigned to each alternative by the Copeland method
is calculated by subtracting the number of losses from the number of wins.

After completing the algorithmic processes on the layers, the resulting OWA map (with ORness = 0.5) was
evaluated through field surveys, questionnaire completion, and ranking using the Copeland method (Favardin et
al., 2002).
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Results

Based on the data processing and analysis results, it can be concluded that the city of Bojnord exhibits considerable
disparities among its neighborhoods. A detailed examination of each of the nine criteria indicates that the central
parts of the city have relatively better access to public transportation services, whereas such access is weaker in
the southern areas. Regarding access to parks and public green spaces, the eastern part of the city shows better
conditions compared to the central and southern regions. The presence of large parks along the eastern and
northeastern belts of Bojnord has had a significant impact on improving accessibility in these areas.

An examination of the noise data layer reveals that the city center and the old ring road experience higher noise
levels, while the southern parts have relatively lower noise pollution, possibly due to reduced traffic flow in these
areas. Concerning air pollution, the central and northern zones show higher levels of contamination. The
geographical position of Bojnord in a low-altitude basin surrounded by high mountains disrupts the dominant west-
to-east wind flow, leading to air stagnation and pollution accumulation.

The very limited number and uneven distribution of public libraries in Bojnord have made access to such facilities
more difficult, especially in the southern and western parts of the city, where residents must travel longer distances.
Access to public sports centers in the southern areas is also not ideal, and elderly residents in these neighborhoods
need to spend more time to reach these services. Another important layer is urban traffic, which is particularly
heavy in central neighborhoods such as Amiriyeh and Jajarmi, due to the high concentration of government offices,
residential density, and narrow streets. Urban heat intensity is also more pronounced in the central and eastern
parts, while access to healthcare services is poorer in the western neighborhoods. By analyzing each of these
individual layers and understanding their spatial patterns, a clearer perspective of each parameter’s status across
the city can be achieved. By integrating the nine layers using the OWA method and generating an output map with
ORness = 0.5, the results were classified into five categories—very favorable, favorable, acceptable, unfavorable,
and very unfavorable—providing a clearer representation of the urban age-friendliness distribution across Bojnord.

Conclusion

The map output derived from the OWA analysis and the detailed examination of each parameter will lead to a
better understanding of the spatial distribution of existing facilities. It will also provide a clear outlook on the
future path toward achieving the planned goals. The results of this study can contribute to evaluating policies,
ranking locations, and developing management strategies and urban planning approaches with an age-friendly
perspective in the study area. Furthermore, it will facilitate understanding and prioritizing issues for urban planners
and managers in order to improve the quality of life of older adults. In addition, the findings can assist policymakers
and urban managers in prioritizing the needs and interventions in different neighborhoods with an emphasis on
urban age-friendliness. Another noteworthy point is the existence of new residential areas and complexes that,
despite being recently designed, have not considered any priorities for the elderly, whereas older neighborhoods
offer significantly better conditions for them. This research, alongside future studies, can take a small yet
meaningful step toward addressing the needs of this segment of the population. Therefore, considering the growing
importance of evaluating urban quality of life in recent years and its direct impact on city planning, design, and
various industries, careful expert analysis in determining weights and selecting layers is essential. It is
recommended that future studies employ other multi-criteria decision-making methods and compare the resulting
outcomes.
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3
Filter scripts. Imports (2 entries) B Use print(...)
1 Map.addLayer(geonetry); to write to this
~ Owner (1) " lectiont"Landest” console.
- users/alihosinzadekhu/LST 3 var modis = ee.ImageCollection( Landsat™)
4 .filterBounds{geometry)
Bi Bojnord daily LST 5 .filterDate("2822-18-81","2823-82-01") Welcome to
:NDVI g .select('LST_Day_lkm'); Earth Engine!
NDVI Ours Please use
B NDVI Test 8~ var modll = Landsat.map(function(img){ the nel
s El return img.multiply(@.82) e Ne’p menu
B NDVI Test 02 19 .copyProperties(img,['system:time_start', cystem:time_end']); above (@)
[l UntitledFile 11 s to learn more
B UntitledFile01 g about hmhf to
use Eartl
B UntitlecFile2 14 var series = ui.Chart.image.seriesByRegion( Engine, or
Bibam i 15 mod11,geometry,ee.Reducer .mean(), "LST Day_38m",1808, 'system:time_start’ f isit :nur'
B ndvil00 P16 }.setChartType( ' ScatterChart’) r P
~ Writer P17 .setOptions( j 1elp page ror
. 18+ { support.
No accessible repositories. Click Refresh 19 title : 'LST Trend',
to check again 20 hixis : {title : 'Date'l,
~ Reader 21 vAxis @ {title : 'LST values'},
o L 22 linekidth : 1,
No ?ccessm\g repositories. Click Refresh Bo Pointsize : 1, series 1 {
to check again 24  : {color : 'green'}
~ Archive 25 }
Mo accessible repositories. Click Refresh ;_‘; i
to check again 28 print(series);
+ Examples 29
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