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Meaning Structure of Green Infrastructure
- A Literature Review about Definitions -

Lee, Eun-Sek* - Noh, Cho-won** - Sung, Jong-sang**

*Interdisciplinary Program in Landscape Architecture, Seoul National University

**Dept. of Landscape Architecture, Graduate School of Environmental Studies, Seoul National University

ABSTRACT

Green Infrastructure(GI) is suggested to recover urban water circulation system as a newly conceptual alternative
methodology by Korean landscape field in recent years. In this context, the study considers the essential meaning of GI.
The methodology of this study is literature review with 47 published papers which were peer-reviewed in international journals
in the recent 5 years. These papers were collected from online database and academic archives. The main analysis targets
are definition sentences about GI. The each sentences were interpreted by semantic structure between verbs and objects
in the definition sentences. As the results, it figured out 5 aims(‘Provide’, ‘Improve’, ‘Produce’, ‘Conserve’, ‘Reduce’),
4 objects(‘Humanistic’, ‘Environmental’, ‘Ecological’, ‘Hydrological’) and 3 spaces(‘Object space’, ‘Technically available
spaces’, ‘Object or technically available spaces’). The ‘5 aims’ connected with the elements of ‘4 objects’ based on the
‘3 spaces’. The elements was connected to the ‘5 aims’ via single form or 2~3 forms of the essential meaning networks
of GI. The study provides 83 meaning networks to use landscape architecture planning and urban planning.

Key Words: Urban Water Circulation, Semantic Structure Analysis, Aims of GI, Object of GI, Spaces of GI
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‘ Background & Objectives ‘
‘ Process 1. Collecting journal papers }—

Stage 1. Searching

- Query : “Green + Infrastructure” and “Urban” or “ City”
or “Cities”

- Search period : 2008 ~ 2012 (5 years)

- Resuts : 3,330 papers

Stage 2. Checking & selecting reviewed papers }7

- Verification of journal DB : SCOPUS, JSTOR, Elsevier,
Tayler & Francis, Springer
Hein Online

+ Resuts : 173 papers

| Stage 3. Selecting reviewed papers about ‘Green Infrastructure’ |-

- Resuts : 132 papers

| Stage 4. Selecting reviewed papers for research object }—

- Focusing on the definitions of Gl about planning and space
- Resuts : 47 papers

Process 2. Setting research concept for analysis and practices }—

| Analysis objectives and spatial factors of GI }7
- Extract specified sentences about objectives and spatial factors
— Understanding the meanings — Classifying to meaning groups
— Grouping spatial factors

| Understanding about planning directions of GI }7

- Extract specified sentences about urban planning
— Understanding the meanings
— Understandinf directions of Gl planning

| Finding the concept of GI planning }—

‘ - Site <> Objectives <> Spatial factors <> Relationships for Gl planning

Conclusions

Figure 1. Research process
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“Green infrastructure is the network of open space, airsheds,
watersheds, woodlands, wildlife habitat, parks, and other natural
areas that provides many vital services that sustain life and
enrich the quality of life”

(Anderson and Lash, 1999: 64)
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o] tP’ . Benedict and McMahon(2000: 2006)2 121913
ZEZA dial] vt 2ol FoE WE Atk

‘Green Infrastructure - the network of gpen space, woodlands,
wildlife habitat, parks and other natural areas, which sustain

clean air, water, and natural resources and enrich their citizens’

quality of life "
(McMahon and Benedict, 2000)

“We define it as an interconnected network of natural
areas and other open spaces that conserves natural ecosystem
values and functions, sustain clean air and waler, and provides
a wide array of benefits to people and wildlife.”

(Benedict and McMahon, 2006: 1)
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Table 1. The purpose of green infrastructure from definitions in the articles

Sources

Purpose

Breuste ef a/(2008)

+ Maintenance for the residents and biodiversity

Carter and Butler(2008) + Protect functional landscape

Carter and Fowler(2008)

+ Protecting drinking water supply, public health

- Protected land and water

+ Supports native species

- Maintains natural ecological processes
- Sustains air and water resources

Mell(2008)

- Brings many social, economic and environmental benefits to local people and communities

- Contributes to the health and quality of life for America’s communities and people
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(Table 1. Continued)

Schilling and Logan(2008)

- Regeneration of vacant properties
+ Conserves natural ecosystem values and functions
+ Provides associated benefits to human populations

Stubbs(2008)

+ Brings fundamental benefits to society : social, economic, environmental

Vairavamoorthy (2008)

+ Absorb and retain water, and to take-up, transform, or otherwise treat pollutants in water

Yli-Pelkonen(2008)

- Provide healthy environments and physical and psychological health benefits to people
- Improved socio-economic benefits

Chon and Scott(2009)

- Contribute to aesthetic quality, outdoor recreation, fitness, flood control, ecological diversity, outdoor education and

economic diversity

Eckert and Schinkel(2009)

- Reduce surface run-off

Stoney and Hilton(2009)

+ Enhancement of the quality of the environment

+ Support long-term economic growth

+ Improve community infrastructure

+ Increase efficient use of existing infrastructure

- Generate measurable environmental, economic, and social benefits

Bowler et al(2010)

+ Reduce urban air temperature

Dunn(2010) + A healthier environment and a more stable, prosperous, and healthy citizenry
- Protecting public health and ecosystem
Coutts(2010) . Oonsgrves natmgl ecosystem values and functions
- Sustains clean air and water
- Provides a wide array of benefits to wildlife and people
LaCroix(2010) - Ecosystem restoration, remediation

Lubbe et al.(2010)

+ Application of the concept of ecological land-use complementation

Qureshi ef a/(2010)

+ Built and protected/managed urban ecosystems
- Provide multiple, complementary functions in support of urban sustainability

Tappendorf and Denzin(2010)

- Absorb stormwater
+ Avoid flooding

Thomas and Littlewood(2010)

- Providing a wide range of ecosystem services, quality of life and health benefits

Wickham ef a/(2010)

- Conservation of the natural environment

Wolch et a(2010)

+ Offer multiple ecological, economic, and social benefits
+ Including urban walkability and mobility
+ Play space and green cover, biodiversity conservation, and urban runoff infiltration

- Enhanced a systematic strategy of greening shrinking places

Hollonger(2011) - Provide ecological and public health benefits to remaining residents.
Carter(2011) + Urban cooling and flood risk management
Greca et al(2011) - Creating climate resilient development
Horwood(2011) « Provides multiple social, economic and environmental benefits
- Motivated workers
+ Increased property values
+ Reduced sickness absence, rural tourism, agricultural employment
Antrobus(2011) - Reduced pollution leading to reduced health costs, encourage healthy lifestyles
+ Create jobs in community-owned green spaces
+ Conservation employment
+ Flood risk reduction and reducing the heat island effect
+ Optimize the resulting benefits in social, environmental, public health, economic, and aesthetic terms
- Provide clean water
Hirokawa(2011) - Serve as habitat
- Recharge ground water
- Reduce flood hazards
Jaffe(2011) - Promote soil percolation, evapotranspiration, and filtration

- Preservation and restoration of natural landscape features

s zZEs|x| M 428 25(20144 428) 69
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(Table 1. Continued)

Keeley(2011)

- Provide ecological services such as microclimate regulation, air quality improvements, habitat provision, stormwater

management and aesthetic amenities

Kitha and Lyth(2011)

+ Provide natural ecosystem values and services such as clean air and water and a wide array of benefits to people and wildlife
+ Help urban residents in low-income countries adapt to the effects of climate change

Li ef a/(2011)

- Maintain natural ecological processes
- Improved urban environmental benefits, along with the economic and social values

Vandermeulen ef a/(2011)

- Support a high quality of life

Mees and Driessen(2011)

- Regulate water quantities and moderate temperature

+ Help to mitigate climate change

- Reducing greenhouse gas emissions and energy demand for the cooling of buildings
+ Increase in amenity value, attraction of investment

« Increase in property value, health benefits

+ Reduction of noise and air pollution

Wendel ef al(2011)

- Provide greater environmental, health, and social benefits

Werner(2011) - Contributes to the biological diversity of a city
+ Conserves natural ecosystem values and functions
Young(2011) - Sustains clean air and water

- Provides a wide array of benefits to people and wildlife
- Provides psychological, sociological, economic, and aesthetic benefits

Cameron et al(2012)

- Provide in terms of ecosystem services and health agendas

Chang et al(2012)

+ Support native species

+ Maintain natural ecological processes

- Sustain air and water resources

+ Contribute to the health and quality of life for communities and people

Everard and Moggridge(2012)

- Enhanced biodiversity

+ Filtering polluted air

+ Improved microclimate

+ Reinforce local distinctiveness and improve neighbourhoods

Douglas(2012)

- Consider in adaptation to climate and delivering ecosystem services including health benefit

Francis ef al(2012)

- Pollination, nutrient cycling
+ Noise and pollution reduction, microclimate control, and cultural and economic stimulation

Kleerekoper et al(2012)

- Add extra water buffering capacity
- Promotion of better rain water management

Llausas and Roe(2012)

+ Supports native species

+ Maintains natural ecological processes

- Sustains air and water resources

+ Contributes to the health and quality of life for communities and people

McLain ef a/(2012)

- Restoring habitat
+ Include storm-water management projects

Newell ef al(2012)

+ Support ecological processes
- Contribute to human health and quality of life

Solecki(2012)

- Enhance resilience to current and future climate risk conditions
- Heat stress reduction, stormwater management via green infrastructure techniques

Allen (2012)

- Provides many vital services that sustain life and enrich the quality of life

- Conserves ecosystem values and functions and provides associated benefits to human populations

- Recharges aquifers, improves water quality and quantity, and provides recreational opportunities and wildlife habitat
+ Capture and infiltrate rain

- Reducing storm-water runoff and improving the health of surrounding waterways

+ Maintain or restore natural hydrologies

- Enhance overall environmental quality

+ Conserve ecosystem functions and natural capital

- Sustain clean air and water

+ Provide social and economic benefits to people and communities
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2 A2d 5 vk Table 2& 72 =704 AXE E*H?Jr l S AUEY, FAHE F AIF (Provide) o] 7P B
oJu] ot < A9 s vERT 53], Qed 54, AHE 54 £
Z¥zke] FAF 9u|e JAJZAEHHE F7bol 24-3) S450] A FE AR FHE Heltk 1 teo & )
T o] 71& AAYE WEgth o]t Wt A ok 579 A (Improve) ol al@sh= oJwlwo] B A3 Btk o
ou| e THJNEAAEHAE Tl =l et S 7l 873F B4, #EY B4 FE ARHL Sdes
A Zldiskes &tel, olg BA, Ay, Az AL S glg & itk "B (Conserve)'e] oJH]te] 11 HE Sl
W east Adsel st Bao] tlopde 23 sE v F2 33F S40) Aol Atk F2(Reduce) E FE &
gejulzt Hk B9 542271 A%H T, 9 $4F S40) ZghAr) v}
SAF qrlt APA R AAE N, HOre] HH oo 3 Aeto & A4 Produce) & F2 249 Ag<r7H AU HAIT
Fote IHRIZSHAEHA S thFaiE Table 19 &S QE, 34, AEA B4 AT AYHE 5L Btk
o] TEANES e UL AES AYEY AT 54
Table 2. Meaning groups of verb for Green infrastructure’s objectives SA4RT 847 EA A Z EAY &als 949 A}
— TEpr— B 58, B4 iz A% 47 e ogesdss
Conserve | Protect, Conserve, Preserve, Avoid, Maintain, Sustain, Control 89| S UEEZ, TANZIAEZA 9] F4F 9
Produce | Generate, Build, Create, Recharge U]% L]’EPTHE}‘I’— g =
Provide | Provide, Bring, Contribute, Support, Help FAA o2 FFHZA(Public health), 4144 (Habitat), &4
Reduce | Reduce, Absorb, Infiltrate, Mitigate 2] (Flood management), 2734 &2}(Environmental benefits),
Improve | Improve, Restore, Stimulate, Increase, Enhance, Optimize SAJAVERA| (Urban ecosystem) 7F 3719 §AF nl2 s 2%

Table 3. Characteristic groups and Green infrastructure’s objectives

Characteristic Objectives of green infrastructure

Aesthetic amenities, aesthetic quality, Aesthetic terms, Agriculture, Amenity value, Associate benefits to human, Attraction of investment,
Benefits to people, Culture, Economic benefits, Economic diversity, Economic values, Economical benefits, Economy, Fitness, Health
Humanistical | agendas, Health benefits, High quality life, Human health, Human health local people and communities, Neighborhoods, Outdoor education,
(39) QOutdoor recreation, Physical health benefits to people, Property value, Psychological health benefits to people, Public health, Public health
benefits, Quality of life, Quality of life for community and people, Recreational opportunities, Residents, Social benefits, Social values,
Stable, Prosperous, Healthy citizenry, Sustain life, Walkability
Benefits to wildlife, Biodiversity, Biodiversity of a city, Ecological service, Ecological benefits, Ecological diversity, Ecological landuse
Ecological complementation, Ecological processes, Ecosystem, Ecosystem service, Greening shrinking places, Habitat, Mobility, Native species, Natural

(23) ecological process, Natural ecosystem functions, Natural ecosystem values, Natural process, Natural vegetation, Nutrition cycling, Pollination,
Urban ecosystem, Wildlife habitat

Air pollution, Air quality, Clean air, Climate adaptation, Climate change resilience development, Environmental benefits, Functional landscapes,

EHVHE);SI ental Healthy environments, Heat island effect, Heat stress, Long term sustainahility, Micro climate, Microclimate regulation, Natural capital, Noise,
Non-urban land, Overall environmental quality, Remidiation, Urban air temperature, Urban cooling, Urban environmental benefits

Hydrological Aquifers, Clean water, Drinking water supplies, Evapotranspiration, Extra water buffering capacity, Filtration, Flood, Flood hazard, Flood

v (21)g risk management, Groundwater, Health of surrounding waterways, Impervious surface, Polluctants in water, Rain water, Soil percolation,

Stormwater management, Stormwater runoff, Surface runoff, Urban runoff, Water quality, Water quantity

st xZsts|x| A 428 2520144 4g) T1
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Natural Process
Natural Vegetation
Natural Capital

Agriculture
Non—Urban Land

Micro Climate

Natural Ecological Function Functioncal Landscape

Conserve

. Habitat
Natural Ecological Values Water Supplies
Natural Ecological Benefits Clean Water Rain Water
R Air Pollution
Clean Air Native Species Noise

Pollutant in Water

Reduce
Urban Runoff

Clean Water

Benefits to Wildlife
Ecological diversity
Ecological Benefits
Ecological Service
Ecosystem Service
Wild Habitat

Human Health

Benefits to Human
Sustainable Life

Public Health

Impervious Surface
Heat Stress

Heat Island Effect
Urban Air Temperature

Poliination
Natural Cycle

Capital Values
Economy
Economical Values
Property Values

Remediation
Aesthetical Terms
Culture

Air Quality
Urban Cooling

Psychological Health Flood Management

High Quality Life

Physical Health
Quality of Life to people and Communities

Health Agenda
Walkability
Molbility

Provide

Opportunities of Recreation
Qutdoor Education
Outdoor Activities

Aesthetical Amenities
Aesthetical Quality

Economical
Diversity

Micro Climate Control
Climate Mitigation

Environmental Benefits

Economical Benefits

Social Benefits
Quality of Life
Health Benefits

Improve Urban Ecosystem

Environmental Landuse Complementation
Overall Environmental Quality

Neighborhoods
Social Values
Amenity Values

Evapotranspiration
Water Buffer Capacity
Water Quantity, Quality
Health of Surounding Waterways
Urban Stormwater Management
Aroundwater
Soil Percolation
Filtration
Aquifers

roduce

ey
et

Climate Change Resiliense Development

Figure 2. A network of relationship between meaning groups of verb and objective factors of Gl (This figure was made by first author of this paper)
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Table 4. Features about object spaces of green infrastructure

Table 6. Features about Object or technically available spaces

Features Spatial factors Features Spatial factors
Airshed, Natural areas, Semi-natural landscape, Open countryside, Park Parks, Wildlife parks
Location | Countryside, Adjacent cguntrysdes, Utban fringe, Urben Cities, Open spaces | Open space, Urban open space, Public greenspace
Towns, Urban Community, Villages, Local communities, Farm -
- - - Greenin Trees, Vegetation, Forest, Urban forests, Urban gardens,
Water Watershed, Flood plains, Headl waters, Water bodies, Rivers, g Private gardens
Lakes, Streams, Stream corridors, Urban stream channel,
system Water system/

Natural urban waterways

Wildlife & | Wildness, Wildlands, Habitat, Wildlife habitat, Sensitive habitat,
habitat Restored habitat, Woodlands

Remnant wood land, Natural landscape, Green space, Grassed

Open areas, Ecological lands, Sports grounds, Golf courses, Steep

spaces slopes, Derelict land, Fragment land, Wastelands, Contaminated

land

Railway, Road verges

Network

Table 5. Features about technically available spaces of green
infrastructure

Spatial factors
Park Community parks, Formal parks, Pocket park

Private land | Community gardens, Garden lawns, Gardens, Infiltration
Space | greening | planters, Green walls, Vertical Greening, Green roofs

Urban
farming

Features

Allotments, Landscape irrigation, Urban agriculture

Sustainable drainage systems, Blue space network,
Flood Bio swales, Constructed wetlands, Pocket wetlands,
control Rain gardens, Stormwater treatment swales, Vagetated
swales, Permeable pavement

Bike paths, Bridleways, Cycle paths, Green chains,
Green corridors, Green facade, Green space network,
Green street, Greenways, Garden corridors

Street trees, Street vegetation, Vagetated street strip,
Vegetated median strips, Plots of trees, Tree boxes,
Trees landscaping

Linear| Improve
amenities

Greening
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Waterways, Wetlands

flood control
Working landscape, Productive landscape, Ranches, Working
Landscape
farms
Network Recreation trails, Trails
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2010: Mees and Driessen, 2011: Allen, 2012).

T3k a9zl E A Al E(Green infrastructure planning)
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