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Abstract

Climate change and the intensification of the Urban Heat Island (UHI) effect have made the resilience of public
open spaces a critical challenge for contemporary cities. Urban squares play a key role in temperature regulation,
thermal comfort, and environmental quality. However, modern traffic-oriented roundabouts largely neglect
climatic functions. This study compared two representative squares—Naqgsh-e Jahan in Isfahan (traditional and
human-centered) and Azarbaijan in Tabriz (modern and traffic-oriented)—using a descriptive-analytical
approach and remote sensing data (LST, NDVI, NDBI) from 2015 to 2025.

The results showed that the integrated design of the traditional square with nature yielded superior climatic
performance. Dominated by green and permeable surfaces, Nagsh-e Jahan Square functioned as an urban cool
island with lower land surface temperatures. In contrast, Azarbaijan Square exhibited vegetation loss and
expanding impervious surfaces, becoming a heat hotspot with higher surface temperatures.

The conclusion confirmed the superiority of traditional design paradigms for urban resilience. Through the
intelligent integration of green spaces, water features, and compatible materials, Nagsh-e Jahan Square created a
stable microclimate, whereas modern roundabouts exacerbated the UHI effect and increased urban vulnerability.
This study emphasized the need to rethink contemporary urban space design by prioritizing nature-based
strategies, permeability, and green coverage.

Keywords: Thermal Comfort, Climate Resilience, Urban Square, Land Surface Temperature (LST), NDVI,
Green Infrastructure, Environmental Quality.

*Corresponding Author

Badamchizadeh, P. and Teymouri, I. (2026). Comparative analysis of climate resilience and environmental quality of
traditional urban squares and modern squares (Case study: Nagshe Jahan Square, Isfahan and Azarbaijan Square, Tabriz).
Spatial Planning, 16 (2), 65 - 94 .

2476-3357 © The Author(s). Published by University of Isfahan ®. BY _NC

This is an open access article under the CC BY-NC 4.0 License (https://creativecommons.org/licenses/by-nc/4.0).

d. ) 10.22108/sppl.2026.148187.1875


https://portal.issn.org/resource/ISSN/2476-3357
https://creativecommons.org/licenses/by-nc/4.0
https://doi.org/10.22108/sppl.2026.148187.1875
https://sppl.ui.ac.ir/?lang=fa
https://sppl.ui.ac.ir/?lang=fa
https://portal.issn.org/resource/ISSN/2476-3357
mailto:Parinaz.badamchizadeh@tabrizu.ac.ir
https://orcid.org/0000-0002-3167-5583
mailto:iraj-teymuri@tabrizu.ac.ir

66 Spatial Planning, Vol 16, No. 2, Ser No. (61) 2026

Introduction

Climate change is one of the most critical challenges of the 21% century with far-reaching impacts on urban
environments, including increased heatwaves, intensification of the Urban Heat Island (UHI) effect, higher
energy consumption, diminished environmental quality, and threats to public health. In recent decades, urban
expansion, proliferation of impervious surfaces, loss of green spaces, and functionalist design approaches have
reduced the capacity of public spaces to moderate local climates. As key spatial elements, urban squares play a
significant role in shaping microclimates, enhancing thermal comfort, fostering social interaction, and improving
environmental quality. However, the design of urban squares has undergone fundamental changes over time.
Traditional squares have been developed in accordance with climatic principles, human scale, and integration of
natural and artificial elements. By contrast, many modern roundabouts and squares prioritize traffic flow and
vehicular capacity. This shift has led to a decline in spatial and environmental quality, raising important
questions about the climatic efficiency of contemporary urban spaces. This study conducted a comparative
analysis of climate resilience and environmental quality in two representative Iranian urban spaces: Nagsh-e
Jahan Square in Isfahan (traditional, human-centered) and Azarbaijan Square in Tabriz (modern, traffic-
oriented). These cases were selected due to their contrasting physical structures, spatial organization, integration
of natural elements, and underlying design philosophies. The objective was to assess how each design approach
influenced climatic and environmental indicators and to derive strategies for enhancing the resilience of public
spaces. The central research question was: How much can the traditional square pattern—compared to the
modern roundabout—create favorable climatic conditions, reduce land surface temperature, and improve overall
environmental quality?

Materials & Methods

This study employed a descriptive-analytical and comparative approach. Data were extracted from Landsat
Collection 2 Level 2 satellite imagery spanning the period 2015-2025. Processing was conducted using Google
Earth Engine with supplementary analyses performed in QGIS and ENVI software. Three indices were utilized:
Land Surface Temperature (LST) to assess thermal conditions and UHI intensity; Normalized Difference
Vegetation Index (NDVI) to evaluate vegetation cover; and Normalized Difference Built-up Index (NDBI) to
map built-up and impervious surfaces. To eliminate seasonal fluctuations, images were selected from July 1 to
August 1 of each year. A cloud filter (<30%) was applied and annual mean images were subsequently calculated.
Thermal sharpening (sub-pixel) was employed to enhance the accuracy of the thermal data. The results were
validated by using synoptic station data from Tabriz and Isfahan. High correlation coefficients and acceptable
RMSE values confirmed that the satellite data possessed adequate accuracy for climatic analyses. The
methodology enabled a robust comparison of the climatic performance of the two squares over a decade. By
combining remote sensing with ground-based validation, the study ensured a reliable assessment of trends in
temperature, vegetation, and impervious surfaces. This quantitative approach allowed for an effective evaluation
of how traditional versus modern design patterns influenced urban microclimates and environmental quality.

Research Findings

Azarbaijan Square (Tabriz): Time series analysis revealed extensive physical transformations between 2015 and
2025, including road network expansion, construction of underpasses and grade-separated intersections, and an
increase in asphalt surfaces. NDBI values rose steadily throughout the study period, indicating growing
impervious cover. Simultaneously, NDVI values declined, reflecting gradual vegetation loss and diminished
environmental quality. The reduction in green cover weakened evapotranspiration, reduced shading, and
increased solar energy absorption. Consequently, LST increased over multiple years, transforming Azarbaijan
Square into an urban heat hotspot. Thermal maps indicated that surface temperatures on hot summer days were
noticeably higher than those of surrounding areas, leading to reduced thermal comfort, higher cooling energy
demand, increased air pollution, and greater vulnerability to heatwaves.

Nagsh-e Jahan Square (Isfahan): In contrast, this historic square demonstrated significantly superior
performance. Thanks to its coherent spatial structure, abundant vegetation and shade trees, central pool, and
water channels, it created a favorable microclimate. NDVI remained relatively stable throughout the study period
with consistently positive and substantial values. NDBI was negative in all years, indicating that natural and
permeable surfaces predominated over built surfaces. These conditions enabled Nagsh-e Jahan Square to act as
an urban cool island, lowering ambient temperatures. Despite urban growth around the square, its historic
structure and climatic features largely mitigated negative external effects. LST analysis revealed more favorable
thermal conditions compared to the surrounding area, demonstrating a high capacity for mitigating the urban
heat island effect.
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Discussion of Results & Conclusion

The findings clearly demonstrated that design approach was the primary factor underlying the contrasting
climatic performance of the two squares. Nagsh-e Jahan Square integrated vegetation (providing shade and
reducing radiant temperature), water features (enabling evaporative cooling), and light-colored local materials
(characterized by low heat absorption). Its balanced height-to-width ratio facilitated adequate airflow and shade
distribution. These attributes endowed the square not only with significant cultural value, but also with excellent
climatic performance. In contrast, Azarbaijan Square—designed according to traffic engineering logic—featured
extensive asphalt and concrete surfaces, lacked effective vegetation or water features, and prioritized vehicular
movement above all else. This resulted in high heat absorption and storage, forming a local heat island with
minimal climate moderation capacity.

These findings are consistent with national and international studies demonstrating that green and blue
infrastructure, permeable surfaces, and nature-based solutions can lower land surface temperature and enhance
urban resilience. Conclusively, Nagsh-e Jahan Square exhibited higher climate resilience and environmental
quality than Azarbaijan Square. The traditional design pattern outperformed the modern, traffic-oriented
approach. Therefore, this study emphasizes the need to rethink the design of contemporary public spaces. Urban
planners should prioritize strategies, such as developing green and blue infrastructure, increasing surface
permeability, using high-albedo materials, expanding natural shading, and reducing car dependency. Such an
approach can pave the way toward more sustainable, healthy, and climate-adaptive cities.
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Figure 1. Morpological changes in Azerbaijan Square from 2015 to 2025, taken from Google Earth satellite
images (Source: Authors, 1404)
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Figure 2. LST satellite images of Azarbaijan Square in Tabriz (Source: Authors, 1404)
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2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
B LST Tabrizmin 1499 | 2251 2429 20.75 19.35 19.6 20.74 19.32 19.49 13.04 225
ELST Tabrizmax 57.5 56.8 61.71 62.33 57.46 61.04 61.88 56.49 57.64 56.1 59.34
u ST Mean 4436 4555 51.89 48.34 4539 4247 48.14 4347 4522 4595 44.63

BLST Tabrizmin  ®mLST Tabrizmax ®LST Mean

Tablel. Comparative chart of the lowest, highest and average LST values in Azarbaijan Square, Tabriz (Source:
Authors, 1404)
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Figure3. NDBI satellite images of Azerbaijan Square, Tabriz (Source: Authors, 1404)
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Table 2. Comparative chart of the lowest, highest and average NDBI values in Azarbaijan Square, Tabriz

(Source: Authors, 1404)
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Figure 4. NDVI satellite images of Azerbaijan Square, Tabriz city (Source: Authors, 1404)
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Table 3. Comparative chart of the lowest, highest and average NDV1 values in Azarbaijan Square, Tabriz
(Source: Authors, 1404)
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Figure 2. Physical changes in Nagsh-e Jahan Square from 2015 to 2025, taken from Google Earth satellite images
(Source: Authors, 1404)



83 ST SRR Y Oyte el 5 i (585 ol e CokS 5 Bl (55100 i oo

oS dms o 0L 2025 6 2015 ey o3l 55 (5 ISC) anlllas 3550 03 5dee (Sloslgale ssla Sloj (5 oo
CadS 53 sl bl oyl i 5 s e IS 68 3 e DS 3ol e 5l s cpl s el
5ol as0leilo b bl i (gl G sl oy il sladle s ol sdd 5Lab Olojl 5 e i
Ol I8 Lo sdalie LB (6 g I3 58 ijrsb;a BUobe s el glaa Olygea 55 0 ol jole
b Bl e w0 e Sael g Sladad s eSS 5 Slescatle (STl e 4 2018 Jls 0 e se
a5 bl 3l (658 e s (gLdb 3 Wl s 3 el 0l Gl bl edbant Lo il S go S5 5 o kST,
sbas 3ol 1 ot 5 (Ko cds (Al idg 53 S Slen Wl seaid il 3L Il ol a- b S
cslad ol gloy5s S 5 L e e Sl & ol e LB Calite ladl
5 e Sl el (5 olBls bl s W8 g 1 s 63 5dee cl ol el 5 el it
— 5 il b 3l s es S Jes (Urban Cool Island) s 5o oSSt oS K Ol gisas § 5 0 ol s
Wl el o w3 sel ST 0 L Cod (6 el b (S slos LS 5 (s3llle (5 pu
ol oS5k 0 3 LdES g gl ol Osel i 53 I (ST Rl s o ke e A
ool Gblie gyl s ol el L 3 gtme T (glessiows 4 |y OF _SiSSist 1 5 ol s uldo o
S e Sl [ plleS 01 e 4l e s s aBlolaslm s 4SS Sl S 5 035k () (LCZ) s
Sk s u s Sog e S5 Sam Sl Aas 0 0L 1 ol bl Gl ol b b s SS S1S mnns

.J)‘J J.:S‘U &_Q‘J.b‘ CA.‘BL:)J)L’ L;L.a.% L)'»’~| o.,\MSJiv\as CJ‘JS" L);‘J;‘S-}Cjk"“ L;)‘.)’- L;ﬂ.,\.ibyu 3)“'@"‘}‘"‘“

Value
wwem High : 60

)

(1404 081, il Olgiol e Oler (28 Ol LST olsale 5las 6 IS
Figure 6. LST satellite images of Nagsh-e Jahan Square in Isfahan (Source: Authors, 1404)
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2015 2016 | 2017 2018 2019 2020 2021 2022 2023 2024 2025
m ST Esfahan min 1 22.33  33.3 30.82 30.84 30.33 16.42 33.45 32.18 32.71 31.61 15.94
m LST Esfahan max 58.96 62.57 61.21 60.1 64.19 59.66 62.96 59.06 61.67 65.26 60.16
= LST Mean 46.29 50.06 48.97 49.44 42.83 46.14 50.39 48.39 50.17 51.61 45.49

o

B ST Esfahan min  mLST Esfahan max ®LST Mean

(1404 OB, 205 l) Ol e Olgm i Ol 53 LST lade (. 8Kke 5 o iy 0 5eS (Slamglie 13 gas 4 15 gal
Table 4. Comparative chart of the minimum, maximum and average LST values in Nagsh-e Jahan Square, Isfahan
(Source: Authors, 1404)
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Figure 7. NDBI satellite images of Nagsh-e Jahan Square in Isfahan (Source: Authors, 1404)
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Table 5. Comparative chart of the minimum, maximum and average NDBI values in Nagsh-e Jahan Square,
Isfahan (Source: Authors, 1404)
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Figure 8. NDVI satellite images of Nagsh-e Jahan Square in Isfahan (Source: Authors, 1404)
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Table 6. Comparative chart of the minimum, maximum and average NDVI values in Nagsh-e Jahan Square,
Isfahan (Source: Authors, 1404)
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