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Introduction

We held various meetings and two symposia on green infra-
structure (GI), Joint Conference of Ecology and Civil Engi-
neering Society, Japan Association of Landscape Ecology, 
and the Japanese Society of revegetation Technology, ecol-
ogy landscape and revegetation (ELR) ELR2017 Nagoya 
and the 8th International Consortium of Landscape and Eco-
logical Engineering (ICLEE), in September 2017. This issue 
includes two articles based on invited lectures at the first 
symposium “Landscape and Green Infrastructure.” I also 
discuss papers on GI published in Landscape and Ecologi-
cal Engineering.

The definitions of GI are numerous and diverse (Benedict 
and McMahon 2006). Infrastructure is defined as “The basic 
physical and organizational structures and facilities (e.g., 
buildings, roads, power supplies) needed for the operation 
of a society or enterprise” (Oxford English Dictionary). One 
definition of GI is “an interconnected network of natural 
areas and other open spaces that conserves natural ecosys-
tem values and functions, sustains clean air and water, and 
provides a wide array of benefits to people and wildlife” 
(Benedict and McMahon 2002).

Evolution of GI

At the symposium, “Landscape and Green Infrastructure” 
Ahern (2017) addressed the evolution of the concept of GI, 
which was first proposed in the 1980s and has undergone 
three phases of development.

The first phase targeted ecological systems such as river 
corridors, and focused on connectivity at the landscape 
scale. It mainly covered suburban areas and the country-
side. A definition of GI in this phase was given by Benedict 
et al. (2012).

The second phase was characterized by the application of 
GI to urban areas, not just to natural systems. Engineering 
measures were introduced for use in GI. The main target of 
this phase was flood water management, such as storm water 
management in Portland, Oregon. One definition of GI in 
this phase was physically and functionally integrated sys-
tems of grey and green infrastructure to support “working” 
cities and landscapes, while providing ecosystem services 
in a sustainable manner (Ahern 2017).

The third phase was concerned with explicit ecosystem 
services and was multifunctional. It aimed to integrate urban 
greening and urban policy. Bio-engineering was introduced 
into the concept GI, which utilizes various functions of 
plants and microorganisms in engineering. Examples of this 
approach include plant-based streambanks to produce a non-
static bank line (Giordanengo et al. 2016), and improvement 
of urban soil using organic compost (Lin et al. 2017).

GI in the fourth phase focuses on cities that integrate 
novel urban ecosystems (Ahern 2016), i.e., ecosystems that 
persist in cities, structured by intentional or indirect man-
agement, which provide a suite of services. At this point GI 
became an adaptive design system utilizing bio-engineering 
to develop resilience in cities.

Anderson (2018) draws on a socioecological systems 
approach to outline four principles that can be applied to 
GI. Since cities are characterized by their dense populations, 
and their diverse needs often clash with respect to land use, 
multifunctional land use is required. Individual GI initiatives 
must take into consideration ecological, technical and social 
elements. At the same time, the local system must be linked 
to a broader system.
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Anderson’s (2018) proposes four principles for functional 
GI. New functions need to be added to sites to which people 
attach a core function, e.g., a rain garden not only functions 
as a means of storm water treatment but also has aesthetic 
properties and is a habitat. The second principle is involve-
ment: green spaces have developed through the interaction 
between human use and the response of nature over a long 
period; people learn from nature by participating in its man-
agement and use. Thirdly, at the landscape level, GI func-
tions as an insurance against potential hazards, and has to 
be sustainable to meet this function. Finally, GI should be 
aimed at not only local solutions but also linked solutions 
at a regional scale.

For the design and use of GI, knowledge of urban ecosys-
tems is essential, but are ecological theories that have been 
developed from studying natural ecosystems appropriate for 
an understanding of urban ecosystems? Paris (2018) argued 
that urban ecosystems, while displaying certain unique prop-
erties, can be understood through general ecological theo-
ries. Sixteen ecological theories were identified for applica-
tion to urban environments, and recognizing the applicability 
of existing theories makes it possible to quickly design a 
better urban environment for both biodiversity and people.

GI in Japan

GI is defined as infrastructure and land planning that con-
tributes to the sustainable development of society and the 
economy by wisely using the multifunctionality of nature 
(Green Infrastructure Association 2017). In this context, 
responses to two earthquakes (experienced in 1995 and 
2011) highlighted the hazard mitigation functions of urban 
greening (Hokugo 1997; Tanaka and Ogino 2017). In Japan, 
discussions on GI tends to focus on the feasibility of engi-
neering, although a need for networks at the landscape scale 
is also recognized. Socioecological linkages at a landscape 
scale, such as between satoyama and satoumi (traditional 
rural territories and landscapes) contribute to building up 
resilience (Takeuchi et al. 2014). The Japanese government 
also recognizes GI in the national spatial strategy, stating 
that GI “aims to utilize the natural environment’s diverse 
functions” and “obtain diverse effects such as improving 
local charm and the living environment and preventing/
reducing disasters” (Ministry of Land, Infrastructure, Trans-
port and Tourism 2015). GI is also believed to be a means of 
promoting economic activities by utilizing local resources 
to develop, maintain, and manage infrastructure in a cost-
effective manner (Nishida 2017).

GI in Landscape and Ecological Engineering

Articles published in Landscape and Ecological Engi-
neering cover water management, the urban environment, 
hazard mitigation, traditional knowledge, urban planning, 
and plant materials, which increase urban resilience by 
utilizing GI.

Water management

Kato and Ahern (2011) discussed the threshold concept, 
i.e., the relationship between impervious cover and various 
measures of stream degradation. Land use in watersheds 
affects water quality (Su et al. 2016). In China, losses of 
natural wetlands have led to ecological problems, such as 
soil degradation and biodiversity loss (Zheng et al. 2017). 
At a local level, Salix plantations in drawdown zones pro-
vided an excellent habitat for wildlife compared with bare, 
exposed soils (Azami et al. 2013). Restoration of biodi-
versity in wetlands has been attempted using safe sites 
(Muranaka 2009), soil seed banks (Nishihiro et al. 2006), 
and dam modification (Nakamura and Komiyama 2010).

Urban climate

Green spaces in Asian cities are decreasing due to a rapid 
increase in their populations (Byomkesh et al. 2012). For 
example, a number of problems of particular concern, 
including poverty, natural disasters, biodiversity loss, 
decreasing water quality and aesthetic degradation of 
landscapes, are connected to rapid changes in land use 
in Indonesia (Arfin and Nakagoshi 2011). Urban climate 
and inland flooding lower landscape functionality and the 
quality of urban life. Urban parks decrease air tempera-
tures (Lee et al. 2009). Kim and Suh (2016) discussed 
climate change policies in Korea, and pointed out that the 
planning and design tools that have been created to aid the 
implementation of climate change policies do not tend to 
consider local characteristics. Green roofs are an effec-
tive tool for the mitigation of urban climates. Different 
plant materials used for roof cover have different thermal 
performances (Jim 2012). The selection of appropriate 
materials and methodologies for Mediterranean countries 
has been reported by Nektarios et al. (2014), who reviewed 
the decision-making process associated with the selection 
of materials for green roofs. Ishimatsu and Ito (2013) dis-
cussed brown/biodiverse roofs in the UK, i.e., the applica-
tion of green roofs to brownfield, land that was previously 
developed for residential and industrial purposes, but has 
been abandoned and regenerated into different types of 
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ecosystem (Lorimer 2008). There is also a possibility that 
brownfield areas will increase in urban areas of Japan and 
Korea facing population decline.

Rain gardens have been recommended as a management 
practice for the treatment of storm water runoff (US Eviro-
nental Protection Agency 2000). A case study using a simu-
lation method reported that elements of GI are effective in 
detaining storm water and reducing the amount of runoff 
(Kim 2018). Ishimatsu et al. (2017) showed that rain gardens 
must be connected to a sewage system and require mainte-
nance, such as garbage disposal.

Hazard mitigation

During the last decade tsunamis have had strong impacts in 
a number of countries. Several articles in Landscape and 
Ecological Engineering have reported the effects of coastal 
vegetation on disaster reduction (Chang et al. 2006; Rod-
riguez et al. 2016; Tanaka 2009; Tanaka et al. 2007, 2011; 
Tanaka and Ogino 2017; Tanaka and Onai 2017). For exam-
ple, coastal vegetation mitigated the impact of a tsunami on 
coastal villages in Chile (Rodriguez et al. 2016). Mangroves 
and other trees have been found to be especially effective 
in providing protection from tsunami damage due to their 
complex aerial root structure (Tanaka et al. 2007), whereas 
the construction of hard infrastructure for tsunami protection 
is not feasible in many developing countries due to its high 
cost. The application of coastal vegetation can therefore be 
a feasible alternative for tsunami and general coastal protec-
tion in developing countries (Tanaka et al. 2011). Chang 
et al. (2006) emphasizes that importance of designs that 
consider the ecology and culture of the region in question 
for recovery after disasters.

Traditional knowledge

We should learn from traditional, regional knowledge and 
practices for sustainability plans. Morimoto (2011a) reported 
insights into creating a sustainable city from historical prac-
tices in Kyoto. These are (1) to conserve the surrounding 
landscape such as mountains, (2) create Japanese gardens 
for heterogeneity in the habitat to increase biodiversity, (3) 
use traditional gardens and wetland systems, which can play 
a role in the intelligent adaptation of landscapes to lower the 
risk of flooding.

With the exception of agriculture, improvement of river-
ine management by the planting of forests may have been 
the first instance of GI in Japan. The Dajokanfu govern-
mental order instigated in 821 AD was intended to protect 
land by regulating woodcutting by peasants. The order read: 
“If the mountain is stripped bold, the streams in the valleys 
will dry” (Totman 1989). Orders similar to this have been 
repeatedly instigated in Japan since then. The protection of 

catchment forests was aided by support from downstream 
participation in the Edo era (Kumazaki 1981). Fish-breeding 
forests first appeared in Japan in 947 AD (Wakana 2012) 
and, in the Edo period, the Murakami domain in Niigata 
prefecture prohibited the logging of a forest close to a river 
mouth because the forest created shade for spawning salmon 
(Niigata Prefecture 2010), http://www.pref.niiga ta.lg.jp/
murak ami_norin /12881 26813 363.html).

Satoyama is a sustainable system of socioecologically 
important production landscapes in Japan. Morimoto 
(2011b) summarized the function of satoyama as that of a 
biodiversity hotspot, model for a sustainable society, and 
beautiful ancestral homeland. Satoyama landscapes protect 
the forest-village-river-sea linkage. At the same time, the 
conservation of a satoyama must not focus on the creation 
of static landscapes, but must instead be an active exercise 
in finding the appropriate means of allowing them to thrive 
(Yokohari and Bolthouse 2011). Horiuchi et  al. (2011) 
reported a project that used local natural resources in a sus-
tainable way to avoid further neglect or destruction of satoy-
ama landscapes, which involved the participation of many 
stakeholders including the original satoyama management 
communities, local government, citizens, and non-govern-
mental organizations.

Village landscapes have an advantage over more devel-
oped areas in China in the conservation of indigenous plant 
species (Wang et al. 2015). Many of the local native species 
in the hedges around villages are species also found in sur-
rounding secondary forests. Traditional home gardens con-
tribute greatly to the conservation of the genetic resources 
and cultural heritage in Japan (Fukamachi et al. 2011). The 
Tshimo gardens of the Batswana people are regarded as 
a model of resource management and indigenous knowl-
edge (Davoren et al. 2016). Tshimo gardens usually include 
microgardens, e.g., vegetable plots, physic gardens for 
medicinal plants, ornamental gardens, open areas (lebala), 
natural areas (naga), and also structural species, which pro-
vide ecosystem services. However Tshimo gardens are often 
converted into more modern colonial gardens with rising in 
socioeconomic status.

Man-made ponds play an important role in rural land-
scapes in Asia. For example, there are 4606 household ponds 
comprising a total area of 7.2 km2 in Taking Hanfeng Lake 
Valley, in China (Chen et al. 2017). Besides being habitats 
for aquatic organisms, these household ponds also have an 
aesthetic function.

Planning for multifunctional green spaces

Ecosystem planning is the process of land use decision-
making that considers the organisms and processes 
that characterize an ecosystem as a whole. Landscapes 
have come to be recognized as units for integration into 

http://www.pref.niigata.lg.jp/murakami_norin/1288126813363.html
http://www.pref.niigata.lg.jp/murakami_norin/1288126813363.html
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ecosystem planning. Potential assessment is a method of 
estimating the potential of a local space or a landscape at 
the ecosystem or species’ habitat scale (Natuhara 2006). 
Different types of green spaces can be used to create a 
system of GI in urban areas, and the quality of the system 
as a whole must be considered (Werner 2011). As Ignativa 
et al. (2011) states: “Urban ecological networks should 
respect, conserve and enhance natural processes. Develop-
ing countries are in the process of searching for their own 
approaches to creating GI and ecological networking that 
address their own local ecologies and cultural histories.”

The main factor determining species richness and floral 
quality in cities is human impact (Rysiak and Czarnecka 
2017). The highest number of species (including alien spe-
cies) per square kilometer in urban areas is found in the 
transitional zones between the city center and rural areas, 
where the mosaic of land use types is most heterogeneous. 
Corridors are regarded as useful tools connecting frag-
mented habitats. Do et al. (2017) tested the effect of cor-
ridors (overpasses) on carabid beetles. Although carabid 
beetles were distributed in the corridors, species number 
was limited. The corridors acted as filters, and vegetation 
in these strongly affected the distribution of carabid bee-
tles. Multifunctional GI planning has been proposed for 
a watershed with remnant mangroves in Rio de Janeiro 
(Herzog 2016), which includes not only the protection of 
environmental and economic benefits, but also improve-
ments in food production and rural tourism.

Plant materials

GI is not a fixed system but a growing and changing one, 
in particular for forests. Sanesi et  al. (2007) reported 
changes in urban forests and explored ways of sustain-
ing the long-term integrity of forests in Parco Nord, Italy. 
Recovery is a key process of resilience, and Shang et al. 
(2014) investigated the recovery dynamics of post-dis-
turbance forest communities, which they found primarily 
depended on external seed sources and resprouting from 
stumps. It is also important to note Shang et al.’s (2014) 
finding that disturbance contributes to species diversity 
across temporal and spatial scales in evergreen broadleaf 
forests in east China.

The naturalization of alien plant species has mainly 
occurred through horticulture and landscape design (Mul-
ler and Sukopp 2016), and landscape design also affects the 
invasion of alien plants. The incorporation of native biodi-
versity and the introduction of regional native plant material 
into new and existing parks and landscape designs can be 
important. In biodiversity-conscious landscape design, it is 
important to establish seed transfer zones based on genetic 
information (Tomita et al. 2017).

Perspective

Landscape and Ecological Engineering focuses on three 
major fields of landscape design: ecological engineer-
ing, landscape ecology, and landscape planning, which 
are fundamental to the successful implementation of GI. 
Landscape Ecological Engineering provides valuable the-
oretical and case studies of GI, and a special issue on the 
subject, “Ecological Resilience of Ecosystems to Human 
Impacts: Resilience of Plants and Animals,” edited by one 
of the journal’s editors, Junko Morimotois, is currently 
in progress. It aims to show the current state and direc-
tion of research necessary to increase ecological resil-
ience through ecosystem management for the mitigation 
of intensifying natural disturbances.

We are grateful to all the authors, as well as the anony-
mous reviewers, who contributed to the two special issues. 
I am grateful to Prof. Dong Kun Lee for useful comments.
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