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ABSTRACT

In high-density cities, relatively large area of buildings may accommodate increasing volumes of
vertical greening, which will effectively help alleviate global climate change. This article emphasizes
that landscape architects and constructors should refresh their understanding of urban forests and
realize the role of vertical greening as its vital component. Although current practices of vertical
greening are restricted by climatic environment, advances of technology and innovation of materials
will provide new opportunities for the development of urban forests. For example, by utilizing a
novel type of substrate, “base soil,” we can get rid of conventional vertical greening technologies
that usually rely on pot-planting and frequent replacement, while enjoying more ecological benefits.
This article also suggests employing prefabricated greening technologies to meet the ever-
increasing demands of urban forests; establishing a systematic cost-benefit assessment system on
vertical greening to measure the ecological, social, and economic values; and encouraging citizens
to take a more active part in vertical greening practices by making them aware of environmental
and social benefits brought by urban forests.

HIGHLIGHTS

 Pointing out that the public’s knowledge of the definition and functions of urban forests is lacking

* Introducing the latest technical development of vertical greening, an important component of urban
forests

» Suggesting future technical, economic, and social prospects of urban forest development
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air quality, and alleviating heat island effect and light pollution in

urban contexts. Urban forests also provide habitats for migratory

Facing the current severe climate challenges, urban forests
can contribute to expanding green spaces, enhancing a city’s
capability of carbon sequestration and oxygen release, improving
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birds and insects, thereby increasing biodiversity of the built
environment. Embraced in urban forests, the public would be
more likely to pay attention to climate change, raise environmental



awareness, and participate in environmental protection.”""*! [n

urban forest construction, landscape architects and constructors
need to further break through their knowledge limitations in two
ways. First, broaden the definition of “forests” from suburban
forests, shelterbelts, and woods in urban green spaces to “vertical
forests” integrated in dense buildings. In 2009, Italian architect
Stefano Boeri proposed this new architectural prototype, aiming
to create a vibrant ecosystem and inhabitable urban forest that
can have the residents break away from the concrete forests."®
Rapid urbanization has caused more serious scarcity of urban
development land; moreover, the construction and maintenance
of large-scale urban green spaces is costly. To these problems,
vertical forests may be a solution by providing more accessible
green spaces and various ecosystem services in limited spaces.
Second, urban forests should be built not only to regulate
microclimate, but also to meet production, ecological, and

living demands. The report to the 20th National Congress of the
Communist Party of China pointed out that “we will adopt an all-
encompassing approach to food, develop protected agriculture,
and build a diversified food supply system.””! Urban planners
and landscape architects may further explore the functional
diversification of urban forests by integrating them with

urban agriculture development and agricultural infrastructure
construction—for instance, utilizing more multi-purpose plants.

2 Vertical Greening in Urban Forests

Vertical greening is an important component of urban
forests. Potentially, built-up areas within high-density cities are
capable of providing enormous incremental green spaces (e.g.,
rooftop greening on public buildings, slope greening, municipal
infrastructure greening, balcony greening), so as to mitigate
and adapt to climate change. Around the world, Singapore, Italy,
Germany, and Japan are leading the development of vertical
greening, while Shenzhen, Guangzhou, Shanghai, Hangzhou, and
Chengdu are pioneers in China'®. Although it is possible to apply
vertical greening in a relatively wide range of areas, the selection
of suitable plant species and the planting forms and performance
are usually constrained by geographical conditions (the variety of
climatic zones) and technical factors (e.g., freezing prevention of
outdoor irrigation systems in winter). Compared with the natural
one, urban forest, an artificial ecosystem, can be intervened and
accelerated in evolution, benefitting from technological advances
and material innovation.

The success of vertical greening depends on four factors:

climate, vegetation, moisture, and substrate. As for the climate
conditions, usually, we can only adjust microclimate, but hardly
alter the climate environment at larger scales; native species

are preferred for plant selection; and the water supply mainly
relies on drip and automatic irrigation. Restricted by substrates,
conventional vertical greening usually use plastic, cloth bags or
other containers to hang on the vertical surfaces, which requires
frequent replacement of plants or creates short-term stereoscopic
visual effect by placing the plants into a designed pattern. Rather
than providing ecological benefits to the city, these practices will
put more pressure on waste disposal and plant maintenance.
Therefore, it is necessary to develop new substrates that are more
suitable for high-density urban environments and harsh climates,
while meeting the structural load requirements and vertical
greening demands.

The breakthrough in substrates such as the emergence of “base
soil” (Figs. 1, 2) offers new opportunities for vertical greening
practice. Base soil is an ecological planting material made by
local resources that can be a substitution of natural soil. With a
diversified product portfolio divided by climate zone, regional
zone, and planting method, it is capable of meeting varied planting
needs of small trees, shrubs, herbs, and vines (Fig. 3). Inspired
by soilless cultivation, the technique of base soil performs
effectively in vertical greening applications on roofs, walls, and
balconies. Its advantages, compared with conventional greening
technology, can be elaborated from six aspects. First, the soil is
molded, thus can make full use of air to cultivate roots, support
vertical cultivation without pots, and avoid soil loss caused by
wind, gravity, water flow, etc. Second, the soil is conducive to
water retention and air permeability, as it can rarely be hardened
due to a net-like percolation path inside. This can also help cool
the soil and prevent fast water loss in vertical planting. Third,
high plasticity enables the soil to be customized according to
the needs of landscape design and planting, and to be adapted
to various application scenarios such as roofs, walls, balconies,
and high-rise buildings. Fourth, being light-weighted, the soil has
low requirements for structural load. When dried, its net weight
is about one tenth of the same volume of ordinary planting soil.
Fifth, the soil has strong durability in that it can withstand high
temperature (80°C) and high humidity (90%) for 5 ~ 26 years"".
Sixth, it is environmentally-friendly because of being made mainly
by recycled gardening waste, crop straw, and other organic fibers,
which helps reduce the carbon footprint in the process of vertical
greening transformation.

At present, base soil technique has been successfully applied

LANDSCAPE ARCHITECTURE FRONTIERS / VIEWS & CRITICISMS



Thin steel frames 55 mm 150 mm

150 mm

150 mm 55 mm

Thin steel frames
(C-type socket slot)

(C-type socket slot)

Screws are fixed to
thin steel frames

Irrigation hole

Latch

Stainless steel wire

Greening substrate
of base soil

Thin steel frames
(C-type socket slot)

— © Zhiyong Qi

1. Common sizes of planting blocks utilizing base soil
2. Example of construction method using base soil
3. Base soil can meet a wide range of planting needs

in many vertical greening projects. For example, near the Jiulong
Bund in Chongqing located along the Jialing River was a 20-meter-
high flood wall, where the huge height difference and concrete
slope with rebars (Fig. 4) prevented visitors’ access to the
riverfront. In this project, the hardened bank was transformed
into a green slope with dozens of plants growing on it, creating

a vibrant and popular waterfront recreational space (Fig. 5).
Another example is the Hangzhou Xiaoshan Airport highway
renewal project, which utilized base soil to plant Rosa chinensis
on the guard bars of the highway, substituting the conventional
way of hanging the flowers in pots"” (Fig. 6). Performance of the
vertical greening in the next three years proves that the plants
can grow naturally and well under low maintenance (no need

to replace the plants or supporting materials). Regarding the
effectiveness of base soil technique, the research team found that
the carbon sequestration per unit area of base soil was almost
equivalent to that of the same plants grown on the ground, basing
on the assessment of the maintenance cost, plant biomass, and
energy consumption of the vertical greening project at Wuhan
Airport Expressway.

Substrate innovation also contributes to the integration of
productive landscape in urban forests, by providing suitable
growth conditions for vegetables and fruits in the complex urban
environment, combining balcony gardening and allotments to
create a functional urban forest system. In Qatar, a desert country
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in the Middle East, the research team has realized the mass
production of a dozen types of vegetables at outdoor temperatures
of 30°C ~ 40°C (Fig. 7), taking full advantage of local energy sources
by using LED lighting and a combination of nutrient film cultivation
and base soil cultivation techniques. In this case, superb water
conservation and temperature control of plant roots have been
achieved, providing an inspiration for the integration of urban
agriculture and urban forests.

3 Visions of Urban Forests

At the technical level, the increasing demand of urban green
space construction requires standardized and high-efficiency
throughout the full cycle of landscape design, construction, and
management'®. In recent years, the technique of prefabricated
buildings inaugurates large-scale standardized production in the
field of architecture, driving similar exploration in the practice of
greening. The prefabricated greening system integrates the related
techniques, plant development, intelligent control, and efficiency
analysis, aiming at providing batched and modular solutions of
greening for varied needs in urban forest construction."”"" Future
practice of vertical greening should focus more on how to utilize
the prefabricated greening system to break barriers between
conventional nurseries and landscape design companies by shifting
from existing moisture, plant growth, and maintenance monitoring
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towards ecological benefit monitoring and analysis. This full-
cycle intelligent management and control system will require less
human input.

From an economic view, although vertical greening has been
promoted and popularized in China for more than a decade, the
emphasis was put on the form of greening (plant placement) over
its actual performance due to economic development problems.
This has resulted in neglect of the maintenance and survival
of plants, while depriving opportunities for the public to have
the benefits brought by such technological advances. In the
application of new materials such as base soil, though increased
initial investment is often true, a self-sustaining planting and
corresponding ecological and social benefits can be achieved. It is
vital to encourage technological and material breakthroughs, as
well as promote investment to and application of these burgeoning
prospects. One more suggestion is to establish a systematic cost-

4. A section of flood wall of Chongging
Jiulong Bund before vertical greening
transformation

5. The transformed Jiulong Bund
with vertical greening creates a
comfortable environment for visitors

6. Blooming Rosa chinensis on the
Expressway of Hangzhou Xiaoshan
International Airport

7. Vegetable growing practice in high
temperature environments in Qatar
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benefit assessment system on vertical greening, taking into account
its values to and impacts on varied structures—the extension of
their life cycle and the reduction of building energy consumption''?,
the saving of land costs compared with developing conventional
green space and the revaluation of the surrounding land, and
residents’ various willingness and use-cost of green spaces within
15-minute living circles and suburban areas.

At the social level, the development of urban forests should
be further explored at the community scale. For instance, we can
promote and popularize related knowledge of vertical greening,
such as the healing and recreational benefits, in a demonstration
or learning section of a community. Once more citizens are aware
of the impacts of climate change and the necessity of urban forest
construction, they will take a more active part in vertical greening
practices and create for example balcony gardens and allotments on
their own.
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