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Abstract. The accelerated process of urbanization has led to significant urbanization issues
such as noise pollution, air pollution, and the urban heat island effect. Roof gardens, as an
effective way to create green spaces within cities, have considerable potential to address these
urbanization problems. Taking Chengdu City as an example, this paper presents a simple design
for a roof garden, focusing on the infrastructure, layout, plant species, and materials of the roof
garden. The roof garden was improved after establishing its potential to mitigate urban noise by
initial qualitative analysis. Firstly, specific vegetation selections are made which include
deciduous trees such as Cephalotaxus Harrington and shrubs like Bauhinia blakeana. which can
adapt to Chengdu's climate while effectively capturing dust particles. Secondly, a water storage
layer was installed, and the angle of the pavilion roof was adjusted which allows the roof garden
to regulate rainwater runoff effectively and minimize potential problems as possible. Although
the current roof garden design is still in the theoretical stage and requires further field research
and design, it holds tremendous potential in dealing with urban issues due to its unique
advantages and policy support.
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1. Introduction

With the rapid economic growth, the population of cities has significantly increased which driving the
rapid development of urbanization. However, the rapid urbanization process has brought many
environmental issues due to the increasing number of urban buildings. With the expansion of urban
construction, a large amount of land is used for the construction of high-rise buildings. This leads to the
urban heat island effect, air pollution, flood hazards, noise pollution, and other problems. These
problems have a negative impact on the quality of life and physical and mental health of urban residents
and have caused damage to the overall ecological environment of the city. In order to solve these
problems, the roof garden which was an innovation of green building design began to attract people's
attention.

Roof gardens are green spaces located on the roofs or balconies of buildings. Compared to traditional
urban landscapes, roof gardens can serve as a bridge for interaction between humans and nature, and
between buildings and the environment. Therefore, roof gardens play a unique role in improving urban
climate and environmental quality. Although their initial costs are higher, the lifecycle of roof gardens
can be two to three times longer than traditional rooftops. The lifespan of roofs could be longer [1]. It
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should be noted that current research is based on a 20-year expected lifespan, while the actual lifespan
may exceed 40 years which means that the lifecycle costs could be acceptable. In addition, the roof
garden also has a significant improvement in the sound insulation of the roof system which can reduce
the impact of outdoor noise. By absorbing noise pollution, it also helps to improve the overall
environmental quality of cities [2]. Finally, roof gardens can reduce stormwater runoff by retaining
water. Roof garden plays a positive role in alleviating the urban watershed syndrome by delaying the
peak and time of stormwater runoff [3].

Chengdu is a mega-city in China with a population of over 20 million. With the rapid advancement
of urbanization, the built-up area of Chengdu has expanded from 60 square kilometers to 950 square
kilometers [4]. This urban expansion has resulted in a trend of warming and drying in Chengdu [5]. Due
to its high population density and rapid economic growth, climate change issues in Chengdu may cause
severe socio-economic problems and health issues for residents [6]. In addition, Chengdu has an urban
plan to build a garden city to further improve the economy and residents' health issues.

Therefore, based on the climate and environmental characteristics of Chengdu, this paper aims to
design a rooftop garden that is in line with the local features, to contribute to improving the
environmental conditions in the region. Firstly, this paper will conduct an in-depth analysis of the
climate and environmental issues in Chengdu based on climate data, to better understand the challenges
faced by the region and further analyze the problems in the urbanization process of Chengdu. Secondly,
based on considering the principles of safe load-bearing, waterproof drainage, ecological environmental
protection, artistry, and economy, this paper will carry out localization design for the roof garden
according to the actual situation of Chengdu. Finally, the overall design will be presented by rendering
software Lumion, and corresponding solutions will be provided for specific climate issues in Chengdu.
Such research and design are expected to make a positive contribution to improving the environmental
conditions in Chengdu, especially in addressing climate-related issues triggered by the urbanization
process.

2. Roof garden

2.1. Concept and advantages of roof garden

Roof gardens refer to the utilization of rooftop or balcony spaces of buildings to create green areas,
thereby increasing the overall green space of the building. They can play a variety of functions of roof
gardens through measures such as opening to residents or the public. Firstly, as part of urban green
landscapes, roof gardens enhance the aesthetics of the city. The green landscape not only plays a role in
improving the urban scenery but also makes the urban landscape more hierarchical due to the effective
utilization of the originally abandoned and homogenized urban roofs and side walls [7]. Secondly, roof
gardens offer unique ecological benefits [8]. They provide insulation and thermal regulation through the
use of soil substrates. The vegetation in these gardens helps purify the air, reduce noise pollution, and
protect biodiversity by providing habitats for plants and animals. Lastly, roof gardens contribute to
climate regulation in cities, thus mitigating the urban heat island effect. Promoting roof gardens citywide
can effectively reduce the urban heat island effect and overall city temperatures.

2.2. Design concept
The design concept for rooftop gardens mainly follows five aspects:

(1) Safety and Load-Bearing Principle

The design of a roof garden should consider the load-bearing capacity of the underlying roof. This
can be achieved by reducing the weight of the roof garden structure or by designing a drainage system
to minimize the time rainwater stays on the roof garden to ensure that it does not exceed the safe load
capacity of the roof.
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(2) Waterproofing and Drainage Principle

The design and construction of a roof garden should not compromise the integrity of the existing
waterproof layer of the roof. A suitable drainage system should be designed to prevent prolonged water
accumulation on the roof garden.

(3) Ecological and Environmental Principle

As a green and environmentally friendly infrastructure, a roof garden should ensure a greening
coverage of 50% to 70% to allow plants to grow properly [7]. Potential pollution issues should be
avoided during construction and later maintenance processes.

(4) Artistic Principle

As an important part of an urban landscape, aesthetic design should be maintained as much as
possible to enhance the beauty of the city.

(5) Economic Principle

Roof gardens as infrastructure projects, the universality of the overall design should be considered
to facilitate its application. Therefore, the design should focus on minimizing maintenance costs and
initial construction expenses to facilitate its implementation and promotion.

2.3. Study area and method

2.3.1. Study area. The presumed location for the design of the roof garden is Chengdu, China. Chengdu
is the capital city of Sichuan Province and is located in the western part of Sichuan Province (Figure 1).
Chengdu has a subtropical monsoon climate, with an average annual temperature of 16 degrees Celsius.
It is characterized by low wind speeds, limited sunshine hours, high precipitation, and high humidity [9].
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Figure 1. Location map of Chengdu [10].

Due to the accelerated process of urbanization, Chengdu city is facing problems such as air quality
problem and noise pollution. Firstly, although the air quality in Chengdu has gradually improved, some
pollutants still do not meet the standards. This is reflected in the high concentrations of ozone and
particulate matter. Research suggests that pollutants such as PM2.5 and particulate matter have a
significant impact on increasing skin diseases such as eczema. Since the skin is the primary barrier
against air pollutants, severe air pollution can trigger or exacerbate skin diseases [11]. Ozone can react
with biomolecules in the skin, thereby adversely affecting the skin health of the general population [12].
In addition, the current level of noise pollution in Chengdu remains relatively high, generally at a fourth-
grade level, reaching approximately 70 decibels [13]. These noises can hurt residents' daily mood and
auditory health.

Therefore, this paper will consider the current urban problems of Chengdu to design a roof garden
that is more suitable for Chengdu.
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2.3.2. Method. The main method of this study is to utilize Building Information Modeling (BIM)
technology for three-dimensional modeling of buildings. BIM technology provides realistic and direct
construction assistance based on the geometric shape, material attributes, and appearance parameters of
the design. Autodesk Revit software is chosen for three-dimensional modeling in this paper. This
software enables effective integration with other software and has good compatibility with subsequent
data processing or rendering software. Moreover, any changes during the design process can be promptly
applied, reducing errors in design and drafting during the BIM design process to improve the efficiency
of design [14].

(1) Model Design

The model design process is based on the design concept. Firstly, the infrastructure in the roof garden
is modeled, including pergolas for plant growth and resident relaxation. In the modeling process, the
bottom support, support columns, and the roof with a certain tilt angle are sequentially modeled. Next,
small flower pots accompanying the pergola and large flower pots below are modeled and the materials
for the relevant parts are designed. Then, the assumed area of the roof garden is defined within a specific
range, and the layout of the roof garden is designed. Finally, the modeling of each layer and the building
section of the entire site is completed.

(2) Visual Rendering

In this study, Lumion software is utilized for model rendering. This software is commonly used for
architectural model rendering and video production. It can transform models from sketches into finished
visual images [15]. This process involves optimizing the materials of existing models and completing
the vegetation model with Lumion's extensive library of pre-built plant models. This approach highlights
the artistic principles of the roof garden through intuitive visual effects. Additionally, through the
character model, the activities of residents in the roof garden are embodied which can make the design
of the roof garden more excellent.

3. Function introduction of the designed roof garden

3.1. Leisure and entertainment function

In the design of this function, the primary consideration is to provide sufficient leisure and entertainment
places for residents, as shown in Figure 2. As indicated in Figure 2, the platform designed for plant
growth in the roof garden takes the form of a pavilion, providing a resting area for residents. In addition,
amenities such as benches are provided which can allow residents to engage in reading or relaxation.
This design concept satisfies the passive recreational needs of residents [16]. Furthermore, flower beds
are incorporated into the roof garden, offering residents the opportunity to plant their favorite plants,
and flowers or engage in other gardening activities. This design not only enhances the sense of
participation of residents but also fulfills their active recreational needs. This participatory design allows
residents to actively engage in the management and creation of the roof garden, thereby experiencing
deeper enjoyment.

Figure 2. Recreation function diagram.
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Overall, through these design strategies, the roof garden becomes not only a place for leisure and
entertainment but also promotes socialization and interaction among residents. It provides a pleasant
space that contributes to improving the quality of urban life.

3.2. Improve air quality

Research conducted by GSA and others has shown that roof gardens can effectively mitigate the high
levels of particulate pollutants in the air. Taking Washington as an example, this study found that roof
gardens with a roof area of 75 million square feet, can remove 58 tons of air pollutants on a monthly
basis. These pollutants include not only particulate matter but also sulfur dioxide, nitrogen dioxide, and
other gaseous pollutants [17]. Therefore, this paper intends to apply this finding to the design of roof
gardens in Chengdu. This design considers the air purification abilities of different types of vegetation
and selects plant species suitably.

In the roof garden, four main types of vegetation can be placed: landscaping plants, potted plants,
ground cover plants, and climbing plants. Landscaping plants are relatively rich, and the landscape
hierarchy is clear. The overall effect of landscaping plants is more beautiful. However, these plants have
higher costs and heavier weight. Potted plants, on the other hand, are small in size and lightweight but
lack a distinct landscape hierarchy. Ground cover plants have low costs, light loads, and are easy to
manage, but their ornamental value is relatively poor. Climbing plants offer unique aesthetics and
landscape effects, but require long-term management and investment from the caretaker [18].
Considering the load-bearing capacity, aesthetics, and green environmental factors of the roof garden,
small trees, shrubs, and lawns are ultimately chosen as the main vegetation.

To ensure that the selected plants meet the construction requirements of the roof garden and are well
adapted to the local natural climate in Chengdu. The following plant species are chosen: hibiscus,
osmanthus, geranium, magnolia, purple-leaved plum, and Cephalotaxus Harrington for a small
deciduous tree. Camellia, rose, Nandina, cercis, holly, and primula are selected for shrubs. As for
herbaceous plants, fescue grass, hanging basket grass, clover, and moneywort are chosen [19] [20].

In conclusion, through the selection and proper arrangement of vegetation, targeted solutions can be
provided for the air quality issues in Chengdu. On the one hand, the design can enhance the dust retention
capacity of roof gardens through the effects of vegetation. On the other hand, plants possess excellent
carbon sequestration and oxygen release capabilities, effectively improving air quality [20].

3.3. Mitigating Urban Noise
Roof gardens play a significant role in improving the overall sound insulation of the roof system. This
is due to the excellent sound-absorbing properties of the soil substrate in the roof garden, and the acoustic
impedance would be provided by the plants within the roof garden. As a result, roof gardens can reduce
diffracted sound energy from the roof, thereby enhancing the sound insulation performance of the
building's roof system [2].

This approach can reduce the impact of outdoor noise on indoor environments, making them tend to
be quieter. Moreover, it can decrease the impact of indoor noise on the outdoors due to the bidirectional
sound absorption effect, thereby the overall noise problem of the city would be improved.

3.4. The improvement of urban stormwater runoff’

The problem of urban stormwater runoff mainly involves two aspects: the quality of stormwater runoff
and the total quantity of stormwater runoff. In terms of quality, rainwater runoff with high nitrogen,
phosphorus, and other nutrients may cause pollution and influence the surrounding urban waters. On the
other hand, too much rainwater runoff may cause urban waterlogging disasters.

Green roofs have excellent water retention capabilities, with an average retention rate of 66.2%
globally [3]. Thereby, green roofs can effectively store precipitation during rainfall periods. Research
has shown that when the green roof coverage reaches 7%, the total volume of stormwater runoff can be
reduced by approximately 40% and significantly reduce pollutant concentrations [21]. In this paper's
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design, a combination of small trees, shrubs, and lawns is used to reduce the total runoff volume by 2%
in the green roof area [20]. Roof gardens can enhance the rain control effect by increasing evaporation.
Regarding pollutants in runoff, the roof garden in the unsaturated state can mitigate pollutant
discharge during rainfall due to its excellent water retention capacity. However, when the roof garden
becomes saturated, nutrient-rich soil may contribute to increased pollution issues [3]. To minimize these
potential negative impacts, it is recommended to set a storage layer as figure 3 into the design to enhance
the water storage capacity of ;che green roof and improve its resilience during periods without rainfall.
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Figure 3. Aquifer schematic drawing [22].

In this design, the roof garden aims to provide a recreational space for residents, it combines
platforms for plant growth with the design of a pavilion. It is necessary to address stormwater runoff
from the pavilion's roof. The main approach is to design a slope as figure 4 on the roof, allowing
rainwater to flow naturally and prevent it from accumulating entirely on the roof. Additionally, rainwater
gutters as figure 5 are designed to collect water from the roof and direct it into the storage layer. This
design ensures that all plants can obtain water from the storage layer and solves the issue of insufficient
rainwater reaching the plants beneath the pavilion.

Figure 4. Pavilion schematic drawing. Figure 5. Rainwater gutter schematic drawing.

4. Challenges and opportunities in roof garden construction

Roof gardens face three main issues: load-bearing, waterproofing, and safety concerns. In terms of load-
bearing, the capacity of the roof to support a garden must be assessed and evaluated due to limitations
imposed by the underlying foundation [23]. This load-bearing issue cannot be ignored because it adds
to the overall cost. Since some roof designs may not be able to accommodate a roof garden, further
design considerations are necessary to adapt to existing buildings. Regarding waterproofing, the strong
penetration capability of vegetation roots in roof gardens can potentially affect the existing
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waterproofing layer and even lead to concrete cracking, compromising the overall structural stability of
the building [7]. Finally, there are safety concerns for roof gardens. To reduce the impact on the roof's
load, lightweight vegetation is often chosen during the design process. However, considering the strong
wind forces experienced by buildings, especially high-rise structures [24]. It is necessary to reinforce
the vegetation, soil, and related facilities of the roof garden to prevent safety hazards caused by falling
objects from heights.

Despite these challenges, roof gardens offer unique prospects and opportunities. Firstly, they are
economically and environmentally beneficial. Considering the high economic value of urban land, the
construction of roof gardens provides an opportunity for second-time land development [20].
Conventional urban greening methods often involve high land acquisition costs, which can be effectively
addressed through roof garden construction. Taking Xiangcheng Xuefu of Southwest Petroleum
University in Chengdu as an example, the construction of a roof garden could save approximately 22
million RMB [20]. Secondly, roof gardens have extensive application prospects. With the rapid
urbanization process, the problems associated with urbanization become increasingly apparent. Many
cities have plans to address these issues, such as the construction of garden cities in Chengdu. Therefore,
roof gardens have broad application prospects, especially with the support of relevant policies, which
can facilitate their implementation.

5. Conclusion

In the process of urbanization, challenges such as noise pollution, air quality issues, and urban heat
island effects are commonly observed. This paper takes Chengdu City as an example and explores the
potential role of roof gardens in addressing these issues. The study adopts the design of a roof garden
and utilizes BIM (Building Information Modeling) technology for three-dimensional modeling to
concretely represent the design outcomes, including infrastructure, structural layout, plant configuration,
and materials within the roof garden. Subsequently, a preliminary qualitative analysis is conducted to
determine the significant roles of the roof garden in promoting recreational activities for residents and
mitigating urban noise. The research findings of this study are as follows.

Regarding the environmental issues and natural climate of Chengdu, selecting appropriate plant
configurations is beneficial for improving air quality. By selecting shrubs with stable dust-retention
effects, and trees with carbon sequestration, oxygen release, and heat absorption effects, on top of green
lawn areas, the roof garden can contribute to air quality improvement. In addition, to adapt to the local
climate of Chengdu, major plant configurations include large-leaved boxwood, hibiscus, and magnolia
as trees; red-flowered treeline, rose, and Malus spectabilis as shrubs; and Scleranthus, hanging basket
plants, and trifoliate herbs, etc. In terms of controlling rainwater runoff, this paper introduces a water
storage layer to the roof garden. On the one hand, the water storage layer increases the water retention
capacity of the rooftop garden, which is advantageous for controlling the volume of rainwater runoff.
On the other hand, water storage can prevent excessive saturation of water in the rooftop garden
contribute to pollutant control and minimize their adverse effects.

Although this research focuses only on Chengdu as a case study, the results can be widely applied to
other cities. The plant configuration of the roof garden can be modified according to specific urban needs
to address different air pollutants. However, as a nascent technology, roof gardens still face some
challenges, such as improving water retention performance and reducing the weight of rooftop gardens.
These issues require further research and resolution. Nevertheless, with its unique advantages in the
secondary development of urban land and effective responses to urban issues, rooftop gardens
demonstrate vast potential. Especially with the support of policies like Chengdu's "Garden City"
planning, rooftop gardens have significant prospects in addressing urban problems.
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