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Abstract

:

New buildings continue to be constructed in historic districts as urbanization accelerates. This leads to incongruities between historic and modern buildings, as well as degradation of the historic landscape. As a means of resolving these problems, this study uses the expert scoring method to solicit opinions from relevant experts through anonymous methods for architectural samples and establishes two groups of architectural images that have been screened for objective color attribute analysis. Comparing the architectural color codes on site was conducted using the Chinese Architectural Color Card based on the Munsell color system. Furthermore, questionnaires were used to measure the differences in visual comfort between different building types by asking the subjects to rate architectural colors when viewing architectural images. This study will also combine the advantages of measurement and analysis of objective objects with the study of human perceptual experience in order to enhance its practicality. In general, the buildings in the West Nanjing Road Historic Landscape District are painted in warm yellow, and the public is aware of its comforting color. Both historical and modern buildings in the historic district are mostly of medium and high brightness, and both use low-purity colors for the main body of their structures. Despite some differences between people of different genders, ages, and literacy levels, all of them agree on the main tone of warm yellow color in architectural colors.
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1. Introduction


The colors of historic buildings are inextricably linked to their historical background, regional culture, and humanistic spirit. In spite of this, the colors of historic buildings are gradually being destroyed gradually destroyed by accelerated urbanization. An analysis of the color characteristics and evolution of historical buildings can provide insight into the regional culture and characteristics of cities. It plays an important role in the sustainable development of architectural design, conservation, and continuation of the locality.



Between 1899 and 1941, the West Nanjing Road Historic Landscape District was largely shaped by the great expansion of the Shanghai Public Concession and became the center of Shanghai prior to the outbreak of the Pacific War (Table 1). Having been influenced by several cultures, Shanghai’s modern architecture has a very rich history, with almost all the styles of the world’s architecture from all periods represented, just like the history of the world’s architecture. Public buildings in the style area include the Shanghai Exhibition Center, as well as the Children’s Hospital, Huaien Hall, Maggie’s Theatre, and other medical, religious, cultural, and recreational facilities. Also included are a lot of residential buildings with beautiful and proportional architectural shapes and detailed details, like garden houses and apartments, designed by famous people or celebrities, with high artistic standards and humanistic values.



The positive theory aims to explain particular phenomena in terms of universal natural laws. This is the process of searching for universal natural laws that can be used to explain particular phenomena. In Newton’s work on optics, he clarified that color is a product of light, and through a trigonal prism, he divided sunlight into seven colors: red, orange, yellow, green, cyan, blue, and violet [1]. Color and light are now considered basic knowledge, which can be demonstrated through simple experiments and in the natural environment. Thomas Young introduced the concept of RGB (Three Primary Colors), which suggests that the human eye has three different types of color perception receivers: red, green, and blue [2]. Goethe improved on Newton’s theory and in 1810, in his book Theory of Colors/Zur Farbenlehre, proposed a six-equivalent balanced color ring scheme and argued that the magenta color outside the spectrum should appear in the complete color ring [3]. Phillip Otto Runge developed a spherical 3D color model (Color Sphere), based on hue and black and white. Matthias Klotz, like him, also endorsed the three basic color theories. Based on this, he proposed a nine-step gradient grayscale, which was revolutionary at the time [4]. Maxwell made the world’s first color photograph based on the theory of three primary colors and color mixing, and his work is considered to be the basis of modern colorimetry [5]. The Munsell color system, which is based on a phenomenological model of human perception, has been tested for 15 years and used by hundreds of participants [6]. It was the first widely accepted color order system, and today it is one of the two major systems in the field of paints and pigments, along with the later Natural Color System.



In the practical exploration of color, it was advocated to classify the discourse on color by period and according to the speakers and summarized the main features of the discourse on color and present ideas on the use of tools from color science in color design [7]. To enhance understanding of the strategic use of color in architectural practice, the researcher proposes three sets of complementary stylistic strategies to help architects express the colors used in a given composition [8]. And in the latest color research, the Pleasure-Arousal-Dominance (PAD) theory has been proposed. The researcher asserts that (PAD) theory can help designers better understand the opposites conveyed by light and dark colors (high and low values) and illustrates how this thought process can be applied to the practice of architectural design [9].



The following topics are currently addressed by the academic community in the study of color in relation to architectural heritage, and the energy sustainability aspects of historic buildings. When retrofitting historic buildings to improve their energy performance, it is necessary to weigh different aspects, such as energy efficiency, modernization, and comfort. And it is also important to install solar systems in historic buildings, establishing an evaluation criterion at each step to improve their energy performance [10]. It was also noted that PV systems should be designed as an element of the landscape to which they belong, based on an “inclusive” design approach that focuses not only on the overall energy efficiency of the system but also extends to other additional ecological and landscape objectives to contribute to the better environmental performance of the PV landscape [11]. The use of BIPV technology can support the transition to low-carbon energy systems by facilitating on-site energy production and enhancing self-consumption. And when combined with electricity or thermal storage, it can also support the transformation of buildings or district energy systems [12]. Considering the multiple impacts, the application of PV systems on cultural heritage requires appropriate policies and design standards to ensure compatibility with the values of the cultural heritage [13].



Using technological improvements to enhance the preservation of architectural heritage. In order to render the reflective properties of artwork on many types of displays to achieve perceptual fidelity, researchers have proposed a 3D reality-based color management modeling approach. A good compromise that strikes a balance between ensuring the fidelity of the reproduced data and the ease of use of development tools [14]. By using modern technologies based on photogrammetry and 3D scanning to generate accurate, measured, and calibrated 3D models, new methods for the assessment, conservation, restoration, and valorization of cultural heritage can be provided. And it can be used for research, restoration, education, recreation, and tourism purposes [15]. In addition, 3D digitization methods have been noted as powerful tools for the preservation and use of cultural heritage. By studying the Hayman House in the city of Oradea, Romania, researchers have shown how three-dimensional laser scanning (TLS) and mapping methods can be used to document buildings in order to prevent further damage. All of these initiatives undoubtedly broaden the options for approaches to heritage conservation [16].



Color psychology is an important branch of psychology, which mainly studies the influence of color on human psychology and behavior. To verify the effect of color on emotion, a color science-based color emotion model was developed and three color emotion factors were identified through factor analysis: color vibrancy, color weight, and color heat [17]. And chroma and brightness are the most important factors in color mood, while hue and cultural background have very limited influence [18]. In addition, a communicational study has been conducted on the aesthetics of architectural heritage, where researchers have tried to describe the social concept of architectural heritage on Instagram and explore whether aesthetic appeal resources influence its communication [19].



The analysis of color characteristics of building materials has focused primarily on the properties, age, and evolution of color, with the goal of providing useful guidance for the conservation and planning of historic building colors. Research has been conducted on the development of urban-scale color measurement methods for façades and the functional classification of buildings using deep learning techniques and streetscape images. Providing city managers with a cost-effective method of assessing façade colors and building functions in urban areas [20]. It is also important to emphasize that satisfaction with the environment is one of the most important aspects of the study, by designing an environment that incorporates personal color preferences, testing three main aspects of residents’ use of public spaces, assessing and choosing the correct color for facades, focusing on semantic differences and analyzing sample building facades through the use of color elements [21]. A method for measuring color harmony in five metropolitan areas (London, Tokyo, Chicago, Paris, and Beijing) in 2020 has been developed by researchers using data collected by Sentinel-2A remote sensing satellites [22]. Additionally, three environmental factors are analyzed using a Geographic Information System (GIS) utilizing spatial sensitivity analysis, allowing the level of coordination and intensity of control of urban color in urban color planning to be determined [23].



However, color psychology only examines people’s emotional responses from a subjective perspective, which means that a multifaceted enhancement solution is required for today’s comprehensive urban planning requirements. The emotional response to a single color is insignificant from a spatial perspective at a large scale. Based on Kevin Lynch’s concept of urban imagery, the combination of color with architecture and landscape also has an impact on people’s sensory experience, which has a distinct impact on building a unique cultural imagery of the city. Traditionally, architectural color research has concentrated on the surface characteristics embodied by color, updating spatial color measurement methods. However, little attention has been paid to feedback from objective objects to people, even disregarding the issue of human comfort in space. Modern urban architecture with primitive geometric shapes creates an unnaturally minimalist, unnatural urban environment, which leads to the creation of an aggressive and homogeneous visual field, which negatively impacts the citizen’s organism, reducing efficiency and strengthening apathy and irritation. In addition, some researchers suggest that a large number of decorative elements create an emotional and aesthetically pleasing visual environment, and it is no wonder that these cities have become tourism centers due to their rich historical and architectural heritage [24]. At present, few studies have been conducted on the architectural comfort of historic preservation districts, and studies that focus on exotic architecture with a cross-cultural background are still rare, as are studies that combine the two. Moreover, in the field of color characteristics research, some scholars have used the color block concept and fragmentation index for quantitative analysis in order to guide a rational urban renewal program [25]. Consequently, conducting research that measures and analyzes both objective objects and human perceptions will avoid the shortcomings of using a single research methodology.



The following article describes the supported methods of the study. Section 2 describes the supporting methods. The architecture, the data analysis, and in particular the screening of the architecture, the design of the questionnaire, and the number of participants are discussed in more detail. The results of the study are presented in Section 3. Section 4 summarizes the differences between the studied historical buildings and modern buildings, as well as directions for improving visual comfort in the future.




2. Materials and Methods


This study aims to identify suitable and valuable architectural samples, which are scored by experts anonymously, and to statistically and analytically analyze the opinions of the experts to produce an objective color attribute analysis. This analysis is based on the Munsell color system, and the Chinese Architectural Color Card is used to compare the architectural color codes with the architectural pictures obtained after the expert screening. Color codes were used as the basis for analyzing the color attribute values of the main colors, secondary colors, and accent colors. As well, the main color, auxiliary color, and embellishment color of the buildings were extracted. Meanwhile, the main color, auxiliary color, and embellishment data of the buildings were extracted for color analysis and a color network composition was created. This section describes the materials and research methods used in the study in detail.



2.1. Screening of Architectural Samples


The sample of historic buildings was drawn from the list of the 5th batch of outstanding historic buildings published on the website of the Shanghai Municipal Government, while a sample of modern buildings was chosen based on their popularity with the general public. The two categories of buildings were divided according to the time when the Public Concession was occupied in 1941, and the top 20 images of each group of historical and modern buildings were selected by invited experts for subsequent research.




2.2. Selection of Research Sites


Shanghai, an eastern coastal city of China, is the subject of this study, which is located in the West Nanjing Road Historic Landscape District. As an international metropolis, its prosperity and continuous development have also promoted the development and diversity of Shanghai’s urban architectural colors. The West Nanjing Road Historic Landscape District has a long history and a number of excellent historical buildings have been preserved in the course of urban development. Thus, this study classifies the architectural samples into five categories: cultural and recreational buildings, commercial buildings, office buildings, residential buildings, and educational buildings according to the architectural functions of the excellent historical buildings classified by the Shanghai Municipal Government, and these buildings are listed in Table 2.



The historical and modern buildings were selected for color testing and numbered, and the visual comparison method was applied by using the national standard “Chinese Architectural Color Card” (GB/T18922-2008) as a guide.




2.3. Questionnaire Design


After viewing the pictures according to their classification, the subjects completed the questionnaire and were assessed. The purpose of the questionnaire was to investigate the subjects’ perceptions of the color and comfort of the images of each building type, according to the Richter scale. It was determined that the comfort level should be evaluated according to the design principles of the Richter scale on five levels: very uncomfortable, uncomfortable, average, comfortable, and very comfortable, with the values 1, 2, 3, 4, and 5 representing the weight settings [26]. The results of the questionnaire resulted in the following summary formula of weights:


  C o m f o r t a b l e D e g r e e =   ∑   5  r a t i  o i  × i .  












2.4. Participant Selection


To ensure the validity of the data, a non-probability sampling method was used to recruit people for the survey by posting the questionnaire online and without restricting the geographical location. For the purpose of ensuring the validity of the data, the participants for the building color comfort test were randomly selected without regard to their geographical origin. A total of 50 people participated in the test and completed it, and the validity of the questionnaire was 93.3%. Males accounted for 56% (n = 28) and females accounted for 44% (n = 22). The age of the survey respondents ranged from under 18 years old to over 50 years old. The attributes of respondents included their gender, age, and educational background. As an international metropolis and a famous tourist city, Shanghai attracts a large number of domestic and foreign tourists every year, of which non-local tourists make up a considerable proportion. According to statistics, Shanghai received about 361.41 million domestic tourists in 2019, including 171.86 million tourists from other provinces and cities. This is why the questionnaire deliberately includes non-local residents for relevant tests.





3. Results


3.1. Architectural Sample Color Attribute Characteristics


3.1.1. Architectural Color Attributes


According to research, West Nanjing Road is generally divided into two categories: excellent historical buildings and modern buildings. Based on the research analysis, the buildings of the two periods have different characteristics. For example, excellent historical buildings tend to be constructed primarily of brick and wood structures, and the color palette of the buildings is primarily dominated by warm hues (Figure 1). Modern buildings are typically made up of concrete structures and are primarily painted in cool colors (Figure 2). The main color of excellent historical buildings is warm, while the auxiliary colors and accent colors differ from the main color. A variety of cold colors are also used to enhance the visual effect of a building in the local part of the building as a complement to the color of its facade. Since the building form has changed, the main color of modern architecture has widened, and some buildings use cold colors as their main color, while their proportion of accent and auxiliary colors has increased significantly.




3.1.2. Architectural Color Lightness and Purity Analysis


Considering that architectural colors must be expressed visually, this paper analysis Munsell’s trichromatic values, which correspond to architectural main colors, auxiliary colors, and accent colors. Based on measurement comparison data, the hue (H), value (V), and chroma (C) scales are divided into three categories: high (H) (threshold: 7 to 10), medium (M) (threshold: 4 to 7), and low (L) (threshold: 1 to 4). The purity was divided into three scales high (h) (threshold: 8 to 12), medium (m) (threshold: 4 to 8), and low (l) (threshold: 1 to 4) [27].



Comparative analysis of architectural color luminosity indicates that the main color luminosity of historical and modern buildings is generally in the medium-high luminosity range, and the luminosity of individual historical buildings is significantly higher than that of modern buildings (Figure 3). This indicates that excellent historical buildings tend to use architectural colors with a higher degree of luminosity. The auxiliary colors of historical buildings tend to be medium-high brightness colors, whereas the brightness of the auxiliary colors of modern buildings varies greatly, with low, medium, and high brightness colors being used. According to a contrast analysis of embellishment color brightness, a distinct difference appears, particularly in the embellishment colors of historical buildings, which are still in the medium-high brightness range, and most historical building embellishment colors are brighter than those in modern buildings. However, color brightness in modern building embellishments fluctuates more than in historical building embellishments, and modern building embellishments are available in low, medium, and high brightness.



Historical buildings and modern buildings tend to use low purity of the main color, but historical buildings tend to have a higher degree of color purity than modern buildings, and historical buildings are primarily used in the low purity range of higher purity architectural colors. In the architectural embellishment color chart, the architectural color purity fluctuates widely, but the architectural auxiliary color purity also reflects a tendency to use low-purity architectural colors. In modern architecture, low-purity colors are not the only color used by most buildings, but some buildings even use medium-purity embellishment colors as the building’s local color, with the difference being that most historical buildings still tend to use low-purity colors.





3.2. Architectural Color Evaluation Results


Historic buildings receive a color evaluation grade of 5, representing a proportion of very comfortable buildings of 14%; historical buildings receive a color evaluation grade of 4, representing a proportion of relatively comfortable buildings of 40%; color evaluation grades are 3, representing 30% of no obvious feelings; color evaluation grades are 2, representing 16% of less comfortable; color evaluation grades are 1, representing 0% of very uncomfortable. In modern buildings, 2% of buildings have color evaluation grades 5, representing very comfortable; 8% have color evaluation grades 4, representing relatively comfortable; 34% have color evaluation grades 3, representing no obvious feeling; 42% have color evaluation grades 2, representing less comfortable, and 14% have color evaluation grades 1, representing very uncomfortable (Figure 4).



In accordance with the survey results, the overall color comfort level of historical buildings is more comfortable and upper-middle level, while the overall color comfort level of modern buildings is poor and lower-middle level. The overall ratings of the two different types of buildings exhibit totally opposite situations, and the following sections will elaborate further on the distribution of participant groups and building color comfort under different conditions.



3.2.1. Percentage of Evaluation Grades by Gender


Based on the results of the evaluation ratings of historical buildings and modern buildings for different age categories, the evaluation ratings of architectural comfort for historical buildings are primarily concentrated in the upper part of the ratings (Figure 5). Most men believe that historical buildings provide good visual comfort, and they prefer the color composition of historical buildings. A majority of women rated the architectural color comfort of historic buildings as being in the better part of the comfort scale. The proportion of females with poorer rating levels is significantly higher than that of males, and the overall distribution of rating levels is more moderate than that of males.



This graph indicates that the above distribution of evaluation ratings of modern architecture has changed, and the relevant data indicate that the majority of men’s evaluation ratings of architectural color comfort of modern architecture are concentrated in the poorest and most problematic areas. Similarly, women’s ratings of architectural color comfort are concentrated in the worst part of the comfort spectrum, but the proportion of higher ratings for this group is much lower than that for men. According to this analysis, both females and males perceive modern architecture as providing a low level of comfort, as well as bad experiences with its architectural color characteristics, especially among females.




3.2.2. Percentage of Evaluation Levels by Age


The study indicates that the distribution of the rating levels of the comfort of historic buildings by the young participants aged 18–30 years indicates that most of the young people consider the color comfort of historic buildings to be high and gives a more comfortable sense of visual enjoyment (Figure 6). Middle-aged participants aged 31–50 years old were distributed according to their age, indicating that most middle-aged participants rated historic buildings as medium and better in color comfort, but the sense of visual experience was less comfortable for this group. The distribution of the comfort level of historic buildings among participants under the age of 18 indicates that most teenagers evaluate the comfort level of historic buildings in better areas, and their visual experience is more satisfying. It has been found that there are some correlations between age and comfort rating levels in historical buildings, with comfort rating levels tending to increase with age.



There is a difference in the distribution of evaluation levels for modern architecture. According to the distribution of evaluation levels of comfort of modern architecture among young participants aged 18–30, most young individuals feel that the color comfort of modern architecture is poor and particularly bad in terms of the visual experience feeling. It is apparent from the distribution of middle-aged participants aged 31–50 years old on the level of evaluation of the comfort of modern architecture based on the difference in age. This indicates that the majority of middle-aged participants assess color comfort in modern architecture mainly from a general feeling perspective, and think the architectural color is not so obvious from a visual perspective. The distribution of older participants aged 50 years old and older on the evaluation level of comfort of historical architecture indicates that older people’s color tends to have a more positive influence on the evaluation level of comfort of historical architecture. The distribution of the comfort evaluation levels of historical buildings by participants under 18 years old indicates that most teenagers rate color comfort in modern buildings at a middle to low level, and their visual perception is poor. Using tests related to modern architecture, it is evident that the relationship between age and comfort rating levels is less pronounced as education increases, with comfort rating levels concentrated more toward areas where the perception is less pronounced.




3.2.3. Percentage of Evaluation Levels for Different Educational Backgrounds


It is shown that the distribution of evaluation grades of historical buildings is influenced by the educational background in the following ways. The distribution of the evaluation levels of the comfort of historical buildings by participants with junior high school education indicates that most people with junior high school education backgrounds believe that the color comfort of historical buildings is higher and provides a more comfortable visual experience (Figure 7). Most people with a high school education believe that the visual experience sense of colors in historic buildings is average, based on the distribution of their evaluation levels of comfort levels. Participants with a bachelor’s degree were more likely to consider the color comfort of historic buildings to be at a higher level when evaluating the comfort level. The distribution of the comfort level of historic buildings among participants with a master’s degree or above indicates that the majority of participants with a master’s degree or above are in the better and better area in terms of color comfort of historic buildings, and their sense of visual experience can be enhanced. The trend between educational background and comfort rating levels can be observed in the tests related to historical buildings, with the comfort rating levels increasing as education level increases.



According to the distribution of evaluation grades of modern architecture, most people with junior high school education backgrounds believe that the color comfort of modern architecture is poor, or even not noticeable. It appears that most people with a high school education feel that the sense of the visual experience of the color of modern buildings is the worst or average, as determined by their evaluation grades of the comfort of historical buildings. Among participants with bachelor’s degrees, the distribution of evaluation ratings of color comfort of modern buildings indicates that most participants have poor ratings for color comfort. According to the distribution of rating levels for participants with a master’s degree and higher regarding the comfort of historical buildings, the majority of participants with master’s degrees and above assess modern buildings as being comfortable in terms of color, and the color comfort of buildings does not have a more obvious impact on these individuals. In the tests related to modern architecture, one can see the trend between educational background and comfort evaluation ratings, with the comfort evaluation ratings concentrating more toward the region of less obvious and average feelings with increasing education.





3.3. Architectural Color Characteristics


There is a difference between the main, auxiliary, and accent colors of excellent historical buildings and modern buildings in the West Nanjing Road Historical Landscape District. The overall tone of the architectural colors as well as the local colors display different tendencies. Following is an analysis and description of the differences between historic and modern architecture with respect to color and color trends.



3.3.1. Chromatic Characteristics of Historic and Modern Architectural Colors


According to the relevant results, most of the main colors, auxiliary colors, and accent colors of historical buildings are based on the Y color scheme (Figure 8). Furthermore, there is a wider variety and flexibility in the choice of primary colors among different color attributes, while maintaining the overall warm color tendency of the building. Main colors, secondary colors, and accent colors are still dominated by the warm Y, YR, and Y colors. In comparison with historical architecture, modern architecture has a simpler and more concentrated color network.



In comparison to modern buildings, historical buildings have a more colorful color phase. In historical buildings, the main colors tend to be GY, Y, R, RP, PB, YR, the auxiliary colors tend to be GY, Y, R, RP, YR, G, P, and the accent colors tend to be GY, Y, R, RP, PB, YR, B, BG. Historical buildings have a predominantly red-yellow color scheme, Y, R, and YR; the auxiliary color scheme is primarily yellowish colors, referred to as GY, Y, and YR; the embellishment color is also predominantly the color of GY, Y, and YR (Figure 9). Yellow is generally used as the dominant color scheme in historical buildings.



Colors used in modern architecture tend to be Y, R, RP, B, G, YR, PB; auxiliary colors tend to be Y, R, B, G, YR, PB; and embellishment colors tend to be Y, R, RP, G, YR, PB, GY. The main color of modern architecture occupies more proportion in the use of the red-yellow color system represented by Y and YR; the auxiliary color occupies a greater proportion in the use of the blue color system represented by B and PB; the use of embellishment colors is mostly in Y and PB color, suggesting modern architecture is freer in its use of color. According to the proportion of colors, modern architecture also uses red and yellow as its primary colors, whereas it uses blue as its secondary color.




3.3.2. Brightness Characteristics of Historic and Modern Architectural Colors


According to the color brightness level composition network, the main color of high brightness in historical architecture will mainly tend to use high brightness secondary colors and medium brightness accent colors, followed by medium brightness secondary colors and high brightness accent colors to match; and when the main color of medium brightness is used, it will mainly tend to use high brightness secondary colors and high brightness accent colors as the color scheme (Figure 10). Modern architecture utilizes low, medium, and high brightness auxiliary colors and low and high brightness accent colors as the main color scheme when using bright main colors. Accordingly, modern architecture makes use of a greater variety of color brightness levels than historical architecture, and modern architecture uses secondary colors with low brightness and accent colors with low brightness as its primary colors.



The data on architectural color brightness ratio shows that the brightness of the main color of historical buildings is mainly concentrated at the middle and high levels and that more uniform color schemes are used. The use of auxiliary colors is more apt to utilize bright colors; as opposed to the first two, accent colors are used more frequently to enhance the color of the building facade through the use of low-purity colors, while still maintaining a tendency to use medium and high brightness colors (Figure 11).



There is a more balanced brightness ratio of the main color of modern architecture, and all levels of brightness are used. However, the choice of the brightness of the main color is more focused on high-brightness colors. In short, modern buildings prefer to use low and high-brightness colors, while historical buildings prefer to use medium and high-brightness colors.




3.3.3. Purity Characteristics of Color in Historic and Modern Architecture


The color purity level composition network shows that both historic and modern buildings primarily use a color scheme of low-purity main colors, low-purity secondary colors, and low-purity accent colors. The difference is that historic buildings will use a medium purity main color, low purity secondary color, and low purity accent color scheme as a secondary choice (Figure 12).



According to the percentage of data, the use of color purity in historical buildings is dominated by low purity, and medium purity of local colors to match. The general trend of color use in modern architecture is also dominated by low purity, supplemented by medium purity. However, unlike historical buildings, the use of low-purity colors in modern buildings is lower in accent colors, and the use of medium-purity colors in accent colors has increased instead (Figure 13).






4. Discussion


In order to determine the differences in architectural color and visual comfort between the outstanding historical buildings and contemporary buildings in the West Nanjing Road Historic Landscape District, the study selected the top 20 historical buildings as study samples and 20 modern buildings as study samples. In order to test the visual comfort of architectural color via the internet, a questionnaire was developed to recruit 50 individuals. Study findings indicate that the visual comfort of heritage buildings in the West Nanjing Road Historic District is significantly higher than that of new buildings, with a significant difference in color and brightness. It may be attributed to differences in architectural design ideas and material preferences. Traditionally, architecture and landscape design have been concerned with bringing people’s visual perceptions and humanistic values together. The rapid development of the city, however, destroys the overall appearance of the historical conservation area, and the new buildings form a disharmonious relationship with the historical buildings.



As the color of the building facade occupies a large proportion of the spatial field of view, the first thing that comes to mind when entering the historic district is the large area of color on the building. This feature enables people to develop a more concrete impression of the historic landscape district as a result of this feature. By regulating the color of the facade of the buildings in the area, an overall color combination can be optimized to give the area a unique historical appearance based on the original broken appearance of the buildings. Additionally, it can contribute to the continuation of architectural history and culture, increase people’s sense of pleasure, and enhance the spiritual and cultural experience of the people.



Regarding the study of Shanghai’s historical buildings, someone once did a study on the color development of Shanghai’s historical buildings on the North Bund and pointed out that the colors can be divided into five periods, each with its own unique color characteristics [28]. Specifically, this study examines the differences in visual comfort between historic and new buildings as well as the color schemes represented by each group of building samples. It is more about enhancing the visual experience and maintaining the unique look of the historic district by protecting the colors used in historic structures.



The results of the study are only applicable to the West Nanjing Road Historic District and do not suggest a universal method for improving the color of buildings in all different types of historic preservation areas in Shanghai. Aside from the color attributes discussed in this paper, different massing combinations, architectural styles, and building materials can all influence the perception of a building. Therefore, it is necessary to collect more detailed color and architectural data in order to analyze the color composition of building facades in depth.




5. Conclusions


(1) In general, the buildings in the West Nanjing Road Historic Landscape District are painted with a warm yellow tone, and the public has a very good sense of comfort with this color. Many factors contribute to the formation of this warm yellow tone, including politics, economy, and culture. Despite the fact that both the historical buildings and the modern buildings in the West Nanjing Road Historic Landscape Area are decorated with yellow hues, their color schemes and materials reflect the psychological needs of people from different periods in history. With the use of different colors and materials, the district is characterized by a heavy, warm feeling with a good sense of visual comfort and atmosphere.



(2) The study shows that the color brightness of historical buildings and modern buildings in the historic district is primarily distributed in the medium and high brightness range, and in terms of color purity, the main colors of both buildings are primarily low-purity colors, but historical buildings use auxiliary and accent colors that have a high brightness and a low purity, while modern buildings have a greater variation in brightness and purity. The color comfort of historical buildings is higher than that of modern buildings as a result of the differences in specific color schemes. Consequently, the use of medium to high levels of brightness and a warm color system for architectural color in the historic landscape area can result in a pleasant visual experience, which is in harmony with the overall atmosphere of the historic landscape area and contributes to a building’s historical appearance. The color effect of buildings in the urban historic district can be improved effectively by using this method.



(3) The study indicates that the color brightness of historical buildings and modern buildings in the historic district is primarily distributed in the medium and high brightness range, and for color purity, the primary colors of both buildings are mainly low-purity colors, but historical buildings use auxiliary and accent colors that have a high brightness and a low purity, while modern buildings have a greater variation in brightness and purity. Historically, color comfort in historical buildings is higher than in modern buildings due to differences in color schemes. Consequently, the use of medium to high levels of brightness and a warm color system for architectural color within the historic landscape area can result in a pleasant visual experience in harmony with the overall atmosphere of the historic landscape area as well as contributing to the historical appearance of a building. In the urban historic district, this method can be used to enhance the color effect of the buildings.



Compared with previous studies, which are mostly of the type of objective color analysis and description or subjective body reaction, this paper focuses on the exotic development and conservation of foreign historical buildings, while taking into account the comfort of architectural color in historic preservation areas from the perspective of human experience, in order to find a strategic approach that can organically integrate historical culture and visual experience, and then improve the situation of existing buildings with mixed colors and no experience.



Developing more comprehensive color data should begin with the development of more color measurement methods and equipment references under this theme, followed by the development of more new technological devices, including virtual reality, eye-tracking, electrocardiograms, and others, to measure people’s perceptions.



Generally speaking, drawing upon the highly regarded colors of historical buildings to correct the color pattern of modern buildings is beneficial to the preservation of historical landscapes. As a result, unique urban imagery is formed, urban cultural brands are formed, cultural consumption is promoted, and heritage buildings will be protected from color damage without a doubt.
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Figure 1. Summary diagram of the study of the color status of typical historical buildings on West Nanjing Road. (Source for the photos of the buildings: https://image.baidu.com (accessed on 11 April 2022)). 
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Figure 2. Summary diagram of the study of the color status of typical modern buildings on West Nanjing Road. (Source for the photos of the buildings: https://image.baidu.com (accessed on 11 April 2022). 






Figure 2. Summary diagram of the study of the color status of typical modern buildings on West Nanjing Road. (Source for the photos of the buildings: https://image.baidu.com (accessed on 11 April 2022).
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Figure 3. Comparison analysis of color brightness and purity between historical and modern buildings. 
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Figure 4. Percentage of comfort rating of historic buildings and modern buildings. 
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Figure 5. Percentage of evaluation levels by gender. 
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Figure 6. Percentage of evaluation levels by age groups. 
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Figure 7. Percentage of evaluation levels with differences in educational background. 
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Figure 8. Chromatic composition network of historic and modern buildings. 
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Figure 9. The color ratio of historic buildings to modern buildings. 
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Figure 10. Composition network of color brightness levels of historic and modern buildings. 
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Figure 11. Percentage of the luminosity of historic and modern buildings. 
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Figure 12. Composition network of color purity levels of historic and modern buildings. 
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Figure 13. Purity ratio of historic buildings to modern buildings. 
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Table 1. Outstanding Historic Buildings and Years Built.
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	Year
	Name
	Year
	Name





	1926
	Wah On Building
	1928
	Shanghai History Museum



	1928
	Sai Chiao YMCA Building
	1935
	Tong Fu Building



	1934
	International Hotel
	1932
	Calder Building



	1933
	Da Guangming Cinema
	1911
	Jewish Federation



	1926
	Shanghai Happy Valley Building
	1925
	Tong Yi Li



	1917
	Feixing Company Building
	1926
	McStreet Apartments



	1920
	UP Sports Federation Club
	1930
	Jing’an Villa



	1941
	Maggie’s Grand Theatre
	1917
	Nanyang Building



	1925
	Ping An Building
	1934
	Huaye Apartment



	1938
	German expatriates in Shanghai
	1940
	Children and Youth Library



	1936
	Golden Gate Hotel
	1955
	Shanghai Exhibition Center



	1936
	Alinden Apartments
	1933
	Paramount dance catty



	1922
	Kung Tak Lam
	1920
	Friendship Hall



	1940
	Shanghai History Museum
	1930
	Dongrai Building



	1950
	Jing’an Special Police Detachment
	1934
	Anle Place



	1930
	Deyi Building
	1887
	Tokuda Western Cuisine Club



	1920
	Feixing Company Building
	1930
	Meilong Town Restaurant
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Table 2. Name of building sample.






Table 2. Name of building sample.












	Civic Buildings
	Commercial Buildings
	Office Buildings
	Residential Buildings
	Educational Buildings





	Shanghai History Museum,
	Tokuda Western Cuisine Club,
	Cinco de Mayo Commercial Building
	German residences in Shanghai,
	Children and Youth Library,



	Shanghai Exhibition Centre,
	Kung Tak

Lam,
	Jewish

Federation,
	Anle

Place,
	School of Continuing Education,



	Friendship

Hall,
	Meilong Town

Restaurant,
	Tomorrow

Square,
	Deyi

Building,
	Welfare Club Youth Palace,



	Yunfeng

Theatre,
	Golden Gate

Hotel,
	Apollo

Tower,
	Dongrai

Building,
	Jing’an Special Police Detachment,



	Yan’an Hotel
	Shanghai Jing’an Kerry Centre,
	Want Want Building
	Jing’an

Villa,
	



	
	CITIC Pacific Plaza,
	
	Ping An Building,
	



	
	Jing’an New Times Building,
	
	Tongfu

Building,
	



	
	Societe Generale Pacific Place,
	
	Tong Yi

Li,
	



	
	Melungeon Square,
	
	Huaye District,
	



	
	Jiu Guang Department Store,
	
	Jiafa

Building,
	



	
	1788 International Centre,
	
	Lianhua

District,
	



	
	Shanghai

Mall,
	
	Wangjiasha Flower Garden
	



	
	Hang Lung Plaza
	
	
	
















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
b

1l I“i. =] .i.ﬁ, =

o I P





media/file4.png
wiinf

| awwwsanavaisn

Main color
25Y31.8
Auxiliary color

Sl 75912

Accent color

Main color
1.9RP 5/1.8

Auxiliary color

8.8G 3/1

Main color

Il o4RP 9Nt

Auxiliary color

: Accent color
3.1Y 41

Main color

s svR6.52

Auxiliary color
5PB 3.5/1

Main color
8.1PB 3/3.2

Auxiliary color

s sr5 5501

Accent color

I 6.3Y 8/6.4

Main color

Il < 4Rs851
Auxiliary color
2.5PB 5.5/3.6

Accent color

Main color

sy .512.4

Auxiliary color

- 0.6G 9/1

Accent color
6.3PB 3.5/7.

Main color

Bl osvona

Auxiliary color
Bl secse

Accent color
I 4Y 8.5/2.4

! Auxiliary color

o B csvRron

' Accent color

Auxiliary color

5PB 3.5/1

" Main color

B osvsna

Augxiliary color

2.5YR 5.5/3.2

Accent color

Main color

B 108651
Augxiliary color

5PB 3.5/

Main color

B 758751

Auxiliary color
7.5B 4/2.8

Accent color
5PB 3.5/1

Main color

-l 5 75114

Auxiliary color
[ EEGER

Accent color
5PB 3.5/1

Main color

Bl s.1c 7501

Auxiliary color

.Ilo.srPB 836

Accent color
I 6.3Y 8/6.4

.“

ERAN

30

Main color
Bl osvons
Auxiliary color
5PB 2.5/3.2
Accent color
5PB 3.5/1

Main color

1.9G 5.511
Auxiliary color

Bl ss 65018

Accent color
I 7.5GY 7.5/1

"Bl sevron

Accent color
Bl 6.3Y8/64

Main color

\\\ By esn2

Auxiliary color

0.6R 4/4

ﬂ - Accent color

{,‘ Main color

R 1oy

Auxiliary color






media/file18.png
Percentage (%)

0=

Historic building

Architectural colors
- Accent Colors
B Auwsiliary colors

- Main Color
10 10
Ll 1 L Ll LI 1 1 L 1 1
GY Y R RP PB YR G P B BG

Hue

Percentage (%)

40 =

0=

Modern building

T
Y

T T T T T
R RP B G YR

Hue

PB

GY

Architectural colors
- Accent Colors
P Auxiliary colors

- Main Color





media/file21.jpg
Ll =il =






media/file26.png
Percentage (%)

Historic building

el

T
Low

Saturation level

T
Medium

Architectural colors
- Accent Colors
- Auxiliary colors
7 Main Color

Percentage (%)

Modern building

95

T
Low

Mec:ium
Saturation level

Architectural colors
- Accent Colors
- Auxiliary colors
[ Main Color





media/file3.jpg





media/file22.png
Percentage (%)

Historic building

T
Low

T
Medium

Brightness level

1
High

Architectural colors
I Accent Colors
- Auxiliary colors
[ Main Color

Percentage (%)

Modern building

T
Low

T
Medium

Brightness level

Ll
High

Architectural colors
I Accent Colors
- Auxiliary colors
7 Main Color






media/file19.jpg





media/file7.jpg
Tyvle:Historic Bulldings

eI





media/file10.png
Percentage (%)

Historic buildings

3
Comfort level

Modern buildings

l ;
I Female
[ Male

' J

2I 3I 4I 5I

Comfort level

. 40-
X
Gender )
I Female §'
Male c

§ 20-
o






media/file14.png
Percentage (%)

o
<

s
bt

w
b

)
<

—
b

o
1

Historic buildings

Comfort level

Educational background

High school
[0 Junior high school
[ Master and above
| Undergraduate

Percentage (%)

Modern buildings

Comfort level

Educational background

High school
[0 Junior high school
[ Master and above
| Undergraduate





media/file11.jpg
T N

et Sk,





media/file6.png
Main color Main color

12 -
8 10
[ 2 3.
3 6 2 &
S g 6 -
24 g 4
g &
2 4 2 4
T L T T L T T T T T T T T T T T T T T T v 0 N ! " " " N ' N " N ! ! " N N ' ! N N s .
1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Building number Building number
«—Historic buildings  ==@=Modern buildings ~—Historic buildings  =—@=Modern buildings
Auxiliary color Auxiliary color
10 - 12 -
8 - 10 -
B 2 5
36 - % 8
g g 6
T4 2] 4
= S T
2 - 2
0 e
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Building number Building number
~—Historic buildings  ==e=Modermn buildings «Historic buildings  ==@=Modern buildings
Accent color Accent color
10 5 12 -
8 - 10 -
E 6 - % 87
T G -
W £ °
g £ 4
2 2
0 dv———— 0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
Building number Building number

«—Historic buildings  =®=Modern buildings «~Historic buildings =@ Modern buildings





media/file15.jpg





nav.xhtml


  buildings-13-01004


  
    		
      buildings-13-01004
    


  




  





media/file16.png
Historic building Modern building

YR YR

Gy oB .

YR

@ Main color @ “ain color
@ ruxiiary color ® suniliary coler
@ Azcant color @ Accent color





media/file2.png
. Main color
= [Jo-scY 9/1.8
g Auxiliary color

'l 756y 9

“% Accent color
1.9RP 4.5/1

-l 756y 91

Accent color
10B 5.25/1

Main color

Auxiliary color

Main color

P svr 6/5.2
Auxiliary color
Bl 75y 752

Accent color
I 3.1B 8.5/1

10G 4/3.6

| Accent color
I 8.1Y 6.5/2

Main color

o.4rP 5/2.8

Auxiliary color

Bl scron

Accent color
3.1BG 4.5/1

Main color
Il sre s

Auxiliary color

- “ PEsvre56.8

Accent color

il Main color
Auxiliary color

® Accent color
I 5.6Y 7/6.4

Main color
Bl 3y 8.5/2.4
Auxiliary color
I 69vs28

Accent color
3.1Y 4/1

Main color

il o4y 912

Augxiliary color

Bl 75y 7512

B 1svese

=
Auxiliary color

Main color

I s 1R736

7 Auxiliary color

B osrP7/1

Accent color

Main color
1.9YR 4/1

Auxiliary color

ls.oGY 551

Accent color

1} 8.1y 7.512

& Main color

Bls3r6.55.2

Auxiliary color

CI Il ssvons

i
{ Accent color

[ W 7.5GY 91

Main color

Bl sy ons

Aucxiliary color

| EEGER

! Accent color
5PB 3.5/1

Main color
[ 06YR5/4.8
* Auxiliary color

Bl o4y 11

__ Accent color
] 5BG 3/3.6

& Main color

Bl ser 736

Auxiliary color

Wlssyesns

| Auxiliary color
P 0.6GY 5.5/1

Accent color
« Il 6.3Y 8/6.4






media/file20.png
Historic building
High

Middle

Middla

High
High

@ Main color Middle
® Auwilisry color
@ Accant color

B Man cokor
® Ausiliary calor
@ Accent calor

High

Modern building
High

Middie

Mididle





media/file23.jpg





media/file5.jpg





media/file24.png
Historic building Modern building
Middie Middle

Middle Middle

. Middle

@ Main color Low @ Main color
@ Auwiliary color @ Ausiliary color
@ Accant calor @ Acoent colar

]





media/file1.jpg





media/file25.jpg





media/file12.png
Percentage (%)

o
it

'S
b

w
et

10-

Historic buildings

|i“]

Comfort Ievel

Age
18 - 30 years old
[ 31-50 years old
- 50 years old and above
' Under 18 years old

Percentage (%)

)
<

o
<

40-

0-

Modern buildings

I j
1I 2I Ll 1

Comfort level

Age
18 - 30 years old
[ 31-50 years old
7] 50 years old and above
[ Under 18 years old





media/file9.jpg
ttttt





media/file0.png





media/file8.png
Typle:Historic Buildings

Comfort Level 3
(n=300, 30%)

Comfort Level 2
(n=160, 16%)

Comfort Level 1
(n=0, 0%)

Comfort Level 5
(n=140, 14%)

Comfort Level 4
(n=400, 40%)

Typle:Modern Architecture

Comfort Level 2
(n=420, 42%)

Comfort Level 1

Comfort Level 3 (n=140, 14%)

(n=340, 34%)

Comfort Level 5

(n=80, 8%)





media/file17.jpg
ﬂli,ll.,!q,ql =i u-..hl'. =

......






