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Abstract:
In order to reduce the urban heat island effect and alleviate flooding caused by the
reduction of green urban space, the leftover spaces of the city should be fully
exploited as micro-green space, as well as appropriate rainwater collection system
should be introduced in micro-green space in combination of the sponge city concept.
This paper is a case study on Guangzhou TaiKoo Hui Roof Garden, which is a typical
urban micro-green landscape. This roof garden can not only increase the green
coverage ratio, but also collect and reuse the rainwater by applying rainwater
collection system. The author analyzes the design of TaiKoo Hui Roof Garden by
fieldwork and structured observation method, calculating the method and effect of
sponge city concept on the innovation design of urban micro-green space.
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1. Introduction
Located in South China, Guangzhou is a city with a tropical and subtropical

maritime climate, featuring high humidity, high temperature and heavy rainfall. The
high-intensity development has led to a reduction of permeable surface, which brings
about a series of environmental issues like deterioration of aquatic ecology, shortage
of water resources, and pollution of the water environment. Under such circumstance,
the sponge city concept has been valued increasingly. And the sponge city concept is
highly involved in green space. As one of the forms of micro-green space landscape,
roof garden has a great potential for exploitation, especially the roof garden located in
the central city. It can improve the eco-environment and boost urban economy
effectively [1]. It can reduce the urban heat island effect by changing the micro-
climate on the roof through the evapotranspiration of green plants [2]. Meanwhile, the
green roof reduces the interior temperature of the building, thereby reducing the
building’s energy consumption [3]. The purpose is to make a sustainable ecological
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design on roof garden by applying sponge city concept and effective rainwater
ecological management techniques and measures [4].

2. Materials and Methods
The methods applied in this paper are summary, fieldwork and structured

observation method. The author acquired the knowledge of the sponge city concept
and the construction of roof garden by collecting data on “sponge city”, “roof garden”
and “drainage system” from China National Knowledge Infrastructure, Wangfang
Data and Elsevier, and study the layout of TaiKoo Hui Roof Garden and its rainwater
collection system by doing onsite investigation. From this case study, the effect of
sponge city concept on the innovation design of urban micro-green space can be learnt.

3. Results and Discussion

3.1. Definition of Sponge City
Featuring “absorb, capture and clean by conforming to the nature”, sponge city acts

like an elastic sponge, which can adapt the environmental changes and make quick
response to natural disasters. It is a city that designed to absorb, capture and clean
rainwater and reuse it when needed [5].

3.2. Sponge city and urban micro-green space
Urban micro-green space is to make landscape design on the leftover space of the

city. Chang Na stated in her article that the urban micro-green space can be divided
into three types. They are transition space, skyrise greening and open area and
brownfield land [6]. Urban green spaces like walking paths, roof gardens and green
parks can make the urban environment more attractive while saving energy and
reducing emission [7].

Most rainwater collection system in micro-green space in China is not fully
developed. Nevertheless, the practice of sponge city concept is on the basis of the
green space. Therefore, in order to strengthen the urban ecological effect, the sponge
city concept should be employed in the development of micro-green space, resulting
in the increase of green coverage and the softness of the pressure of drainage system.

3.3. Overview of Roof Garden

3.3.1. Definition of Roof Garden
With decorative benefit, a roof garden is a garden on the roof of a building [8]. It is

one of the concrete forms of micro-green space. It is a measure to increase the rate of
rainwater utilization by expanding the permeable surface. In 2006, Wang Limian and
other researchers drew a conclusion that the temperature of a green roof is lower than
that of a non-green roof by doing comparative tests [9]. However, nowadays most of
the roof gardens in cities were designed for decorative benefit, with no rainwater
collection system.

3.3.2. Construction of Roof Garden
In general, the construction of a common roof garden is, from top to bottom,

vegetation layer, soil layer, septal layer, waterproof layer and building roof (Figure 1).
And the structure of a roof garden with the rainwater collection system is, from top to
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bottom, vegetation layer, soil layer, filter layer, draining layer, septal layer,
waterproof layer and building roof (Figure 2). The roof garden with the rainwater
collection system can absorb and capture rainwater through the vegetation layer and
soil layer, and reuse it when needed.

Figure 1. The construction of common roof garden.

Figure 2. The structure of a roof garden with the rainwater collection system.

4. Overview of TaiKoo Hui Roof Garden

4.1. General Information
Located in Tianhe District, TaiKoo Hui Guangzhou incorporates a prime shopping

mall, two Grade A office towers, a cultural center, the first Mandarin Oriental Hotel in
Guangzhou, and serviced apartments (Figure 3). The roof garden sits at the third floor
of the shopping mall. In the shopping mall, both east and west sides have entrances
accessing directly to the roof garden from the street floor. And there are three
entrances in the roof garden interconnecting with the shopping mall.
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Figure 3. The floor plan of TaiKoo Hui.

4.2. Overview of Landscape Design

4.2.1. Layout
TaiKoo Hui Roof Garden is a streamline moderne design, in corresponding to the

style of the interior of shopping mall. There are three glass atriums on the roof serve
as entrances that interconnect with the shopping mall. The roof garden is separated
into two zones, north zone and south zone, by the two symmetrical spindle-shaped
glass atriums.

With a large amount of visitor flow, the north zone serves as a commercial area and
becomes the core area of the roof garden. Dining establishments are set up side to side.
And all of them set an outdoor dining area, which makes the boundary between
indoors and outdoors vague.

Since the south zone attracts less amount of flow compared to the north zone, it
serves as a recreational area, which consists of a large flower bed and two sidewalks
(Figure 4). Sidewalk-A is a streamlined path, surrounding the two symmetrical
spindle-shaped glass atriums. It allows the visitors to access to the commercial area
from the south zone. There are also stone benches placing along the path. In shape of
polyline, Sidewalk-B was designed to connect with the two office towers. Though two
sidewalks are literally separated by the flower bed, they are actually conjunct. A wall
was built and green plants were settled to block the street-facing side, visually
removing the noises and cars from the outdoor experience.

Figure 4. The Sidewalk A and Sidewalk B.

4.2.2. Microclimate
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Guangzhou locates in the subtropical monsoon region, where summer is the longest
season in the year. At midsummer, the solar altitude can reach 89°64” at noon. Under
the effect of the solar radiation and high temperature in open area, the temperature of
the surface of the non-green roof can reach 70-80℃. The hot roof transfers the heat to
the interior of the building, resulting in a higher indoor temperature. In contrast, the
green roof absorbs most of the heat through evapotranspiration of plant and reflects
certain amount of light radiation, thereby reducing the temperature of the whole
building, which is beneficial to insulate the retail mall structure below, extending the
life of the building, and reducing the building’s energy consumption and its
contribution to urban heat island effect [10].

Two Grade A office towers locate respectively at the southeast and southwest
corners to the roof garden, while the hotel at the northeast corner, and the cultural
center at the north side. The arrangement of those buildings leaves gaps in the east,
west and south. In summer, the prevailing wind in Guangzhou is Southeast trades.
Therefore, wind can come from east and south, and reach the roof garden (Figure 5).

Figure 5. The wind direction in Guangzhou [11].

4.2.3. The Arrangement of Plants
To maximize the surface of the pavement, the trees in front of the dining area are

planted with the application of border adhibiting method, creating a visual effect that
the trees are growing naturally from the pavement (Figure 6). Such design removes
the barrier between human beings and nature. The flower bed in recreational area was
decorated with ground cover, bush and arbor, making the garden more entertaining.

Figure 6. The tree pool of Taikoo Hui roof graden.
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Plants were selected and grouped for their adaptability to the site conditions,
climate and design intent. Guangzhou has a warm and humid weather [12], therefore,
bushes like Poison bulb and Lady palm, and arbores like Madagascar almond were
chosen. Accordingly, Lady palm were planted under the shade closer to the building
and Poison bulb were planted on the outer side where sunlight is strong. Additionally,
Madagascar almond can give shelter to Lady palm.

4.2.4. Rainwater Collection Design of TaiKoo Hui Roof Garden
In terms of function, the rainwater system of TaiKoo Hui Roof Garden can be

divided into three parts. They are direction, collection and absorption.

a. Direction
To design a comfortable platform for visitor to wander, the common design of a

1%~5% drainage slope is not adopted [13]. There is a 3mm interval between every
two slabs, directing the runoff towards the flower bed. The glasses were installed
layer by layer on the two symmetrical glass atriums, thus the rainwater can run to the
ground progressively. Incidentally, Sidewalk-B is 16cm higher than Sidewalk-A,
forming a terrace to lead rainwater run from Sidewalk-B to the lower ground (Figure
7).

b. Collection
Both the office towers and the hotel were made of materials with smooth surface,

like steel and glass, thus there will make no residual effect on the building. To collect
rainwater efficiently, catch basins were set at the bottom of every building.
Consequently, rainwater will be directed from the buildings to the catch basins, and
access to the water strainer following the drainage pipe.

Between Sidewalk-B and flower bed there is a stainless ditch with several leaks
(Figure 8). Not only can the ditch collect rainwater, but also, when there is a heavy
rain, can direct the runoff away from the flower bed, thereby waterlogging can be
avoided.

Figure 7. The section of Sidewalk A and B.
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Figure 8. The stainless ditch between sidewalk B and flower bed.

c. Absorption
All catch basins was grouped with flower beds, which were designed to sever as

secondary collection (Figure 9, Figure 10).

The main ecological factors that affect rainwater collection are planter species, the
thickness of soil, the composition of soil and the age of the roof [14]. And the most
significant factor is the capacity of soil layer to absorb and capture [15]. Huang
Junda’s research shows that the structure of soils is in proportion to the capacity of
absorption, but in inverse proportion to the capacity of capture; as well as the more
organic material the soils contain, the stronger the capacity of capture and clean the
soils will be [16].

Figure 9. The catch basins with flower beds Figure 10. The catch basins with flower beds

Figure 11. Rain streamline in observation
point A. Figure 12. The section in observation point A.
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The author chose an observation place named point A (Figure 1). From point A,
The whole structure of the rainwater collection system includes direction, collection
and absorption (Figure 11).

In the first stage, rainwater is directed to the catch basin through the interval of the
slabs. It is the primary collection. Then part of rainwater flows to the stainless ditch
due to the elevation difference. This is the secondary collection. And the remaining
rainwater runs from Ground-A to Ground-B, where rainwater may be directed to the
flower bed or the catch basin. That is the third stage collection. After all, all collected
rainwater is purified and saved in the water strainer (Figure 11, Figure 12). The
collected rainwater can be reused when there is a dry season, which is helpful to save
water.

5. Conclusion
Nowadays, it is unwise to increase the green coverage ratio and create a better

living environment by developing a large scale of green space in the high-density
cities. As a result, urban micro-green space becomes the most efficient and the most
available measure to achieve the goal. Though citizens have habits to cultivate green
plants in open area, the designers should make innovation on the design of micro-
green space complying with the needs in different times. At present, the issue that
China facing is flooding, and the solution is to build sponge cities. Sponge city is a
concept that to regulate the storm rain by reconstructing the underlying surface of the
city. The sponge city concept works in close cooperation with green space. The major
issue on urban landscape design is how to apply the sponge city concept in the
creation of micro-green space.

As one of the concrete forms of urban micro-green space, roof garden can solve the
urban environmental problems in an effective and efficient way. TaiKoo Hui Roof
Garden not only has the functions that the traditional roof garden owns, like
decorative benefit and temperature control, but also employs a comprehensive
rainwater collection system, which optimizes the use of rainwater by directing,
collecting and absorbing it. It is a good example to demonstrate how sponge city
concept can work in the urban micro-green space with low impact on the high speed
development of city. From the case study on TaiKoo Hui Roof Garden, the design
method and concept of the rainwater collection system in the roof garden can be learnt
and summarized. In consequence, the obtained theory and knowledge can be applied
in the prospective design of urban micro-green space.
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