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Abstract: As an important part of urban green space system, three-
dimensional greening increases the quantity of ecological green in city by
improving the green vision rate as well as the aesthetic and sociological
value in the urban block space. In addition, it is helpful to improve the
quality of urban ecological environment, to increase the amount of
urban greening and to beautify the spatial effect. At present, some cities
around the world have made efforts in policy guidance and support, and
some practices such as technical research on safety and maintenance,
artistic innovation of forms in the development of three-dimensional
greening. However, some unfavorable factors need to be overcome,
such as growth conditions, plant arrangement, container selection,
construction and maintenance. It requires research on construction space
and scientific analysis of the influence of non-biological factors such as
light, temperature, wind power, and moisture which are suitable for high-
altitude places. This paper resorted to the experience of successful cases
of three-dimensional greening around the world, and carried out research
and practice on technical breakthrough and artistic innovation in three-
dimensional greening projects of The ROOF (Xuhui Tiandi of Hengji)
and 1000 Trees (Tian'an Qianshu) in the central urban areas of Shanghai.
As a result, it has gained progressive achievements in container, plant
arrangement and safety, which are valuable to guide three-dimensional
greening in Shanghai and other cities in technical support and form
innovation.
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Fig. 1 Bottom view of three-dimensional greening of Pickering Hotel
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Fig. 2 Three-dimensional greening of Osaka Namba Park
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Fig. 4 The actual view of greening along the inner and outer streets
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Fig. 15 The tree pot in the sky
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Innovation and Exploration of Urban Three-Dimensional Greening

YU Jinlong

1 Project Background
1.1 The origin of three-dimensional greening at
home and abroad

As a developed country, Germany
promulgated Guiding Principles for Roofs
Greening in 2002, so 145 cities began to include
green roofs in their urban development plans, 70
cities provide financial subsidies, and 207 cities
set up some incentives to reduce or exempt
drainage fees. In Singapore, the government
has not only constructed many parks and green
spaces, but also supported three-dimensional
greening from policy. The government bears
50% of the cost, which strongly promotes the
development of three-dimensional greening.
Tokyo, Japan also issued Urban Greening Law
and Urban Building Greening Planning Guide in
1991, and Nature Conservation Law stipulates
that roofs of residential and commercial buildings
must have more than 20% greening.

In The Special Plan for Three-Dimensional
Greening (2016 Edition) issued by Shanghai, it is
clearly defined that three-dimensional greening
refers to the general name of various greening
forms constructed with buildings (structures) as
the carrier and plants as the main body, including
roofs, verticals, edges and shed greening. In
order to encourage the development of three-
dimensional greening, Shanghai Municipal Green
Commission Office established the greening
conversion ratio in the Compilation of Three-
Dimensional Greening Documents (2015 Edition).
1.2 International cases of three-dimensional
greening innovation

Singapore's three-dimensional greening
not only has a large amount of green biomass,
various forms, new layout and low risk, but also
has high scientific and technological content
and remarkable ecological and aesthetic effects.
Taking the three-dimensional greening along
the entrance of Pickering Hotel in Singapore as
an example, the pedestrian flow demand of the
surrounding blocks is also considered in the
design. Therefore, concrete rock planting grooves
and maintenance road are set every three floors
along the entrance of the building, and the plants
in the grooves are different. On the premise

of conforming to Singapore's National Three-
Dimensional Greening Policy, a greening area of
15,000m” including three-dimensional one has
been constructed, which is far more than twice
the base area of 7,500m’, so it has become a
successful innovated example in those high-rise
cities.

Three-dimensional greening projects vary
from country to country, but they all aim to
purify urban air quality. More carbon dioxide and
dust particles can be adsorbed by plants, and
meanwhile, more oxygen is produced. Thus, a
biodiversity urban community is created.

1.3 The importance of urban three-dimensional
greening

The area reserved for green space
construction in big cities is limited, but three-
dimensional greening can actually break through
this limitation, because the space outside the
two-dimensional plane is used to increase the
green space and green looking ratio. From
a functional perspective, dust collection and
noise reduction are realized; it also helps a lot
in thermal insulation, energy saving, retention
of rainwater, alleviating the pressure of urban
sewage and drainage, etc.

2 Project Case and Practice

Based on the recognition of the importance
of three-dimensional greening, the relative
innovative exploration and study on technical
difficulties have been developed in Shanghai
central city.
2.1 Henderson CIFI the roof

The project was carried out on Xintiandi in
Huangpu District, Shanghai. It follows Shanghai
Municipal Green Space and Three-Dimensional
Greening Implementation Rules (2015.9). The
government's requirements for the proportion of
green space in the project are fully considered,
which are achieved with an increased green
looking ratio, realization of social functions
such as urban ecology, life aesthetics, history
and humanities. Under the premise of driving
the sense of innovation and alleviating the lack
of urban greenery, 2500 artistic flower pots of
various sizes, planted with different flowers, are

arranged on the outer edges of the 14 facade
windows of the 4 buildings.

2.1.1
humanities and aesthetics

Scheme innovation based on ecology,

1) Creative choice of flower pots: in the
old Shanghai French architecture, flower pots
are hung outside the windows with flowers and
plants, which shows the romance of French
life. Considered with plant growth and artistic
innovation, the form (deep pot), color, structure,
arrangement and combination in the sky of the
flower pots are all original.

2) Artistic arrangement and combination
of flower pots: the arrangement of flower pots
originates from the idea that plants grow in
natural canyon and the principle of painting
aesthetics.

3) Long-lasting mixed garden in the sky:
based on evergreen gardening plants, other
matched colors and flowering plants are added
to form a long-lasting, stable, and color-changing
gardening combination.

2.1.2 Specific design and technical difficulties
based on the scheme

1) Flower pots and fixing.

According to the requirements of plants,
the height of the flower pots is increased, so the
plants can take root deeper in the soil. The flower
pot is composed of an outer body and an inner
container, which makes replacement easier and
helps the partition of temperature conduction.

2) Planting medium.

The planting medium should have loose
structure, good permeability and be good at
water and fertilizer conservation.

3) The precondition of plant species
selection.

Considering that plants have certain
requirements for natural factors such as light,
wind and temperature, through the analysis of
light, wind direction and temperature, a plant
selection strategy based on climatology, ecology
and horticulture is proposed.

(1) Site lighting.

(2) Wind.
@
(

)
) Temperature.
4) Plant species selection.




hEREMAK / 20214 / 5375 / 51248

Based on the above analysis of the location
of the planting container and the climate of the
neighborhood, the impact of non-biological
factors, such as light, temperature, wind, and
moisture, is particularly obvious. So plants that
are resistant to wind, transpiration, high or low
temperature, and with well-developed fibrous
roots are the most suitable choice.

2.1.3 Innovative configuration of plants

This should be based on the principles of
ecology, horticulture, and painting aesthetics.
The innovative and long-lasting mixed gardening
configuration should be combined with the
changes of plants in four seasons to integrate
with architecture, space, and people, thus
becoming a community of life, growth, and life.

The changes of color rhythm in spring/
summer/autumn and winter
2.1.4 Drip irrigation system and hanging basket
conservation system

1) Drip irrigation system is essential for plant
growth.

2) Hanging basket conservation system:
when the plants in the building lack conservation,
the horizontally moving track and hanging basket
are used, which can realize safe, effective and
timely fine conservation.

2.1.5 Phased achievements

1) Three-dimensional greening actual view.

The aerial art garden composed of 2,500
flower pots of different sizes allows greening to
break through the two-dimensional plane. This
realizes the urban style and spiritual connotation
with the theme of greening.

2) Technical research on containers, plants,
conservation, etc.

The innovation and color design of the
container, the selection of plants and the
gardening configuration, the layering and time-
sharing control of drip irrigation, and the use of
hanging baskets support the formal innovation
and practical effects of the Henderson Project.
2.2 Three-dimensional greening of thousand
trees in Tian'an

This project is located on the bank of
Suzhou River in Putuo District, Shanghai. The
design combines the architectural form of the
base, waterfront area and cultural and historical
evolution, and integrates the waterfront park with
the first and second floor terraces and railings,
tree pots in the sky and other composite three-
dimensional greening. The practice of roof

greening and tree pots has increased the rate of
green space and realized the innovation of urban
three-dimensional greening.

2.2.1 Features of three-dimensional greening

1) Greening of the second-floor terrace: the
design mainly uses long-lasting mixed flowers,
which makes thousands of flowers in gardening
and thousands of trees in the sky the best
match.

2) Vertical greening of railings: fully greening
the railings, and 100-meter-long wisteria and
rose flower belts are planted.

3) Through the support and fixation of
concrete columns, the tree pots are put in the
sky, forming a distinctive three-dimensional
greening of the aerial forest.

2.2.2 Difficulties in design and construction—
The selection of trees and plants in the sky and
construction safety

1) Factors such as load, rain, wind and
snow should be taken into consideration.

2) Low shrubs and ground cover plants shall
be planted in the load allowable area, and the
tree height in the air tree pots above the 6th floor
shall not exceed 4 meters.

3) Follow the principle of plant adaptability
and select suitable plants.

4) Choose plants that are resistant to
pruning, easy to manage, and grow slowly.

5) Choose plants resistant to high wind and
drought, and high and low temperature. The
maintenance needs of perennial plants are low.

6) Avoid choosing fruit plants to prevent the
danger caused by falling fruits.

2.2.3 The plant configuration of the tree pots in
the sky

Diversified tree species selection on the
basis of ensuring safety and stability.

2.2.4 Safety and fixation of trees in the sky

1) The top layer of soil should be 25mm
lower than the level of the tree pot, which is good
for fixation of the soil. 2) The tree should be fixed
in the soil. 3) The four sides of the trunk of the
tree are fixed with steel cables. 4) The tree pot
is equipped with anti-falling railings. 5) Regularly
check the growth status of the trees, and timely
trim off the windshield branches and diseased
or dead branches. 6) Maintain good drainage
to prevent softening and loosening of the soil
caused by excessive moisture.

2.2.5 Phased achievements
From several years of observation after

construction, the three-dimensional greening of
Thousand Trees in Tian'an is in a stable stage,
the trees grow healthily. Thanks to appropriate
safety measures, both the tree pots in the sky
and the trees are still in good condition.

3 Questions and Suggestions
3.1 Prevent plants from freezing

It is recommended to choose high
temperature and/or low temperature resistant
plant species according to the climate of
each city, and take corresponding preventive
measures.
3.2 Dirip irrigation material

It is recommended to consider copper
pipes.
3.3 Inconvenience of conservation

For both projects, since the conservation
channel was not considered at the very
beginning, it is recommended to learn more from
developed countries in terms of high-altitude
three-dimensional greening, and establish a
horizontal conservation channel or hanging
baskets with horizontal rails.

4 Conclusion

Through the innovative design and practice
of the above two three-dimensional greening
projects, different types of plants are mixed
and planted in flower and tree pots to form a
continuous and unique plant gardening style
that grows in the sky, which not only increases
the amount of ecological green biomass and
green view ratio, but also enhances the aesthetic
and sociological value in urban block space. In
addition, the problem of insufficient green space
rate has also been solved. At the same time it
wakes the vitality of the block, a new streetscape
garden culture is naturally reconstructed,
connected, and regenerated.

(Editor / MA Lin)
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