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Highlights

- Urban colorscape refers to the set of color relationships and patterns among different elements of the urban environment that
collectively shape the overall visual quality of the city.

- Understanding and guiding the urban color system through landscape conservation strategies particularly within the Historic Urban
Landscape (HUL) approach plays a key role in preserving visual integrity and sustaining the historical identity of cities.

- This study aims to analyze the urban colorscape with emphasis on visual cohesion within the framework of the Historic Urban
Landscape approach in the Zandieh Complex of Shiraz.

Color is a fundamental component of the visual identity of historic urban landscapes and plays a | Received 11/04/2026
critical role in urban readability, aesthetic coherence, and heritage continuity. Despite its importance, Revised 05/05/2026

systematic quantitative analysis of urban color systems remains limited in many historic cities. This study Accepted 22/05/2026

ims t lyze the col f the Zandieh histori lex in Shiraz, Iran, with particul hasi
aims to analyze the colorscape of the Zandieh historic complex in Shiraz, Iran, with particular emphasis |\ .~ . 21/06/2026

on its contribution to visual cohesion within the framework of the Historic Urban Landscape (HUL)
approach.

The research adopts a descriptive—analytical methodology based on field sampling of authentic fagade
colors. Approximately 600 images of historic urban facades were collected, from which 100 representative
samples of brick and tile surfaces were selected after filtering altered or non-original elements. Color | Historic Urban Landscap

values were extracted from the images and processed in MATLAB. The data were converted from RGB | Urban Colorscape

to the perceptually uniform CIELAB color space and analyzed using the K-Means clustering algorithm | visual Cohesion

to identify dominant color groups. The optimal number of clusters was determined using the Elbow | CIELAB Color Analysis
method. Zandieh Complex in Shiraz
The findings reveal that the color structure of the Zandieh complex is characterized by a dominant palette
of warm earthy tones derived primarily from brick materials. These colors exhibit moderate lightness
and limited chromatic variation, forming a cohesive visual background across urban facades. In contrast,
tile decorations present a broader chromatic range with higher perceptual differences, functioning as
visual accents within the overall composition. Distance analysis using AE values demonstrates that brick
colors maintain relatively small perceptual differences, reinforcing visual continuity, whereas tile colors
introduce controlled contrast and spatial emphasis.

The study concludes that the visual cohesion of the Zandieh historic landscape emerges from a
structured relationship between homogeneous background tones and selective color contrasts. The
extracted palette provides a scientific basis for developing color guidelines for restoration and urban
design interventions in historic areas. The proposed approach demonstrates how quantitative color

analysis can support heritage conservation strategies within the HUL framework.
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ntroduction: Color is one of the most influential perceptual attributes of the built environment and
I plays a fundamental role in shaping the visual identity and experiential quality of cities. In historic urban
landscapes, color emerges from the long-term interaction between local materials, climatic conditions,
cultural practices, and architectural traditions. As a result, the color system of historic environments
often reflects a collective spatial memory and contributes significantly to the legibility and continuity of
urban heritage.
International heritage charters and conservation frameworks have increasingly emphasized the importance
of maintaining visual integrity in historic urban environments. Documents such as the Venice Charter
(ICOMOS, 1964) and the UNESCO Historic Urban Landscape (HUL) Recommendation (UNESCO, 2011)
highlight the need to preserve the visual qualities that express the historical layering of cities. Although
these frameworks do not explicitly focus on color as an independent element, they stress the importance of
understanding visual characteristics—including materials, textures, and chromatic relationships—to ensure
harmonious urban interventions.
In many historic cities, however, contemporary renovations and urban development projects introduce
incompatible materials and colors that disrupt the visual continuity of urban facades. Such interventions
may lead to perceptual fragmentation and weaken the historic character of urban landscapes. This challenge
is particularly evident in Iranian historic cities where conservation practices often lack systematic color
analysis and rely primarily on qualitative judgments.
Shiraz, one of the most historically significant cities in Iran, contains numerous heritage sites from different
historical periods. Among them, the Zandieh complex represents a prominent urban ensemble constructed
during the Zand dynasty in the eighteenth century. The complex includes key architectural elements such
as the Karim Khan Citadel, Vakil Bazaar, Vakil Mosque, and Vakil Bath, which together form an integrated
historic urban space.
Despite the architectural significance of the Zandieh complex, little research has been conducted on the color
system of its urban facades and its contribution to visual cohesion. Therefore, this study seeks to answer the
following research question: What are the dominant characteristics of the fagade color system in the Zandieh
complex, and how does this system contribute to visual cohesion in the historic urban landscape?

aterials and Methods: This research adopts a descriptive analytical approach combining field
Mobservation, digital image analysis, and computational color clustering.
Fieldwork was conducted in the historic Zandieh complex in Shiraz. Approximately 600 photographs of
urban facades were taken under relatively consistent natural lighting conditions between 12:00 and 14:00
using a Nikon D5500 camera. To ensure reliable color sampling, white balance calibration was performed
using a reference card, and additional color correction was applied in Adobe Photoshop.
To focus on authentic historical surfaces, images containing modern alterations, deteriorated sections,
or incompatible renovations were excluded. After this filtering process, 100 representative images were
selected, including 70 samples of brick surfaces and 30 samples of tile decorations.
Color data were extracted from the selected images and processed using MATLAB. Since the RGB color model
depends on imaging devices and lighting conditions, all color values were converted into the perceptually
uniform CIELAB color space, which represents color using three parameters:

- L* (lightness),

- a*(green-red axis),

- b* (blue—yellow axis).
To identify dominant colors, the dataset was analyzed using the K-Means clustering algorithm. Prior to
clustering, duplicate color codes were removed to reduce computational redundancy. The optimal number
of clusters was determined using the Elbow method, which indicated five clusters for both brick and tile
palettes.
Additionally, perceptual differences between color clusters were calculated using the AE color distance
formula, enabling a more precise interpretation of chromatic relationships within the urban color system.
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Findings: The analysis revealed distinct color patterns for the two primary facade materials—brick
and tile.

Brick Color Palette
The clustering results identified five dominant brick color groups. The majority of samples were
concentrated in the positive regions of both the a* and b* axes, indicating a prevalence of warm hues
ranging from yellowish ochre to brown.
The three most frequent clusters together accounted for approximately 70% of the sampled surfaces,
indicating a dominant palette characterized by:

- moderate lightness levels,

- warm earthy tones,

- relatively low chromatic contrast.
Perceptual distance analysis showed that color differences among brick clusters were generally moderate.
The largest AE values were primarily associated with variations in lightness (L*), rather than shifts in color
hue. This pattern indicates that brick surfaces maintain a coherent chromatic family while exhibiting subtle
tonal variation.

Tile Color Palette

In contrast to brick surfaces, tile decorations showed a broader chromatic distribution. Pixel values
extended across both positive and negative regions of the b* axis, indicating the presence of both warm
yellowish tones and cool blue tones.

Five clusters were also identified for tile colors. The two most dominant clusters accounted for roughly
60% of the samples, representing neutral to moderately bright tones. Additional clusters corresponded to
distinctive blue and yellow accents.

The perceptual color distance between certain tile clusters was significantly larger than in the brick palette.
The largest AE value occurred between the blue and yellow clusters, indicating strong chromatic contrast.

iscussion and Conclusion: The results demonstrate that the urban colorscape of the Zandieh
Dcomplex is structured through a balanced relationship between background continuity and chromatic
emphasis.
Brick surfaces form the dominant visual background of the urban facades. Their warm earthy palette
exhibits relatively small perceptual variations, which contribute to visual continuity across the urban
landscape. This homogeneous background creates a stable chromatic framework that reinforces the
spatial unity of the historic environment.
Tile decorations, on the other hand, introduce controlled chromatic contrasts. Their broader color range
and larger perceptual distances create visual accents that highlight architectural elements and enrich the
aesthetic composition of the facades.
This pattern suggests a form of visual division of roles between materials:

- brick provides chromatic continuity and spatial cohesion,
- tile provides visual emphasis and identity.

Such a system reflects a historically evolved color logic shaped by local materials, climatic conditions,
and architectural traditions. The findings align with previous studies emphasizing the importance of
understanding indigenous color systems in heritage conservation.
From a methodological perspective, the research demonstrates that combining field sampling, CIELAB
color analysis, and clustering algorithms offers an effective approach for identifying urban color systems.
Unlike purely qualitative assessments, this method provides measurable evidence that can inform
conservation policies.
The extracted color palette can serve as a scientific reference for restoration projects, fagade management
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strategies, and urban design guidelines in historic districts. Maintaining the balance between the warm
brick background and limited but distinctive tile accents is essential for preserving visual cohesion in the
Zandieh complex.

However, the study also has several limitations. The analysis focused primarily on brick and tile surfaces
and did not include other visual components such as vegetation, pavement materials, or urban furniture.
In addition, color sampling was conducted under specific lighting conditions, and seasonal variations were
not examined.

Future research could expand this approach by integrating perceptual surveys, multi-temporal color analysis,
and broader landscape elements. Such studies would contribute to a more comprehensive understanding
of visual cohesion in historic urban landscapes.

Overall, the research highlights that color should be recognized as a strategic component of heritage
conservation. Understanding and preserving the chromatic structure of historic environments is essential
for maintaining the visual integrity and identity of historic cities.
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Highlights

- Urban colorscape refers to the set of color relationships and patterns among different elements of the urban environment that
collectively shape the overall visual quality of the city.

- Understanding and guiding the urban color system through landscape conservation strategies particularly within the Historic Urban
Landscape (HUL) approach plays a key role in preserving visual integrity and sustaining the historical identity of cities.

- This study aims to analyze the urban colorscape with emphasis on visual cohesion within the framework of the Historic Urban
Landscape approach in the Zandieh Complex of Shiraz.

Color is a fundamental component of the visual identity of historic urban landscapes and plays a Received 11/04/2026
critical role in urban readability, aesthetic coherence, and heritage continuity. Despite its importance,

systematic quantitative analysis of urban color systems remains limited in many historic cities. This study
aims to analyze the colorscape of the Zandieh historic complex in Shiraz, Iran, with particular emphasis
on its contribution to visual cohesion within the framework of the Historic Urban Landscape (HUL)
approach.

The research adopts a descriptive—analytical methodology based on field sampling of authentic fagade
colors. Approximately 600 images of historic urban facades were collected, from which 100 representative
samples of brick and tile surfaces were selected after filtering altered or non-original elements. Color | Historic Urban Landscap
values were extracted from the images and processed in MATLAB. The data were converted from RGB | Urban Colorscape

to the perceptually uniform CIELAB color space and analyzed using the K-Means clustering algorithm | visual Cohesion

to identify dominant color groups. The optimal number of clusters was determined using the Elbow | CIELAB Color Analysis
method. Zandieh Complex in Shiraz
The findings reveal that the color structure of the Zandieh complex is characterized by a dominant palette
of warm earthy tones derived primarily from brick materials. These colors exhibit moderate lightness
and limited chromatic variation, forming a cohesive visual background across urban facades. In contrast,
tile decorations present a broader chromatic range with higher perceptual differences, functioning as
visual accents within the overall composition. Distance analysis using AE values demonstrates that brick
colors maintain relatively small perceptual differences, reinforcing visual continuity, whereas tile colors
introduce controlled contrast and spatial emphasis.

The study concludes that the visual cohesion of the Zandieh historic landscape emerges from a
structured relationship between homogeneous background tones and selective color contrasts. The
extracted palette provides a scientific basis for developing color guidelines for restoration and urban
design interventions in historic areas. The proposed approach demonstrates how quantitative color
analysis can support heritage conservation strategies within the HUL framework.
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