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Applications
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Abstract

The purpose of this study is to develop a method that supports the application of
Green Infrastructure(Gl) into the process of land-use planning, and to test the
applicability of this method by applying it to Asan new town, an area that already has a
land use plan in place. To set the criteria to judge the propriety of GI, run-off analysis
and fragmentation analysis were performed. Each result of the analysis is integrated by
the land use matrix, classifying the structural and non-structural GI techniques into five
types. By comparing the results of this method with the existing land-use plan in Asan,
the propriety of the plan and its capacity for improvement become clear, which implies
that the application of the method would enhance the quality of the plan.
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AEHES AUFoez Lo EdsHASETE Table 1. Various functions of green
9. 2014). infrastructure
2 e Exjol74 B OAE S oA Functions Descriptions
_ . Alleviating the urban heat island
zZjolnglE §es o5 SHEA T
Qlzele Agsly] fF EA Hyd 87 e effect through the vegetation cooling
7HE 1okl 0|2 AA AEodE EXo)g ameli:fation effects, ie. evapotranspiration, direct
Aol 2] Y= oWt AEA] Ko A shalenjng, and conversion of solar
- radiation to latent heat
23510, EXjolg FA 2 AE FOF THAOA] Reducing Reducing floor risk by delaying the
810 ug]- ) ]EO] ;Sjo | 2 9}\_‘\_:_ Ho} flood risk downstream passage of flood flows,
~ = reducing the volume of runoff
AAE EFCR ol EXA 4o mE I Improving water quality by regulating
olmEl 7 =©Wyl V1Ee nE] E 2o Improving |high speed runoff, pollutants and
e & ik water quality |detritus collected from urban surfaces
E54 B4 B mEss 240 FEEHIIe and reduced infiltration of precipitation
W, /g BAZiES U] EXOE mE2A Controlling the water at the source
_ Sustainable [through tree, vegetation, green roofs,
= == o5 Qo o BAEA
g B9 JuRlzEl H8s 9t EX S84 urban infiltration trenches and filter drains,
mrt AnE sgEr T E2E ™Y 3@ 2 drainage |swales and basins and ponds and
lands
o Ab £E o = wetl
Aot thAIel 7] 2 Wl EAlOIEA Improving air quality through transpiration
o HnE EI = EXoIEAEC H| Improving air|which can reduce the formation of
Qo) of@A JEoEEl vEe =Has & g quality  |ozore, and thro.ugh the direct prc?duction
B of oxygen during photosynthesis
A0 OiEt AAEE =EZEIL Green space increases a level of
Health and |physical activities of community and
well-being |promotes psychological health and
II. olEE‘. Il_’g mental well-being
Aesthetic  |Green space makes a community
improvement |more aesthetics and pleasure place
1. J2Iel=z}o] 74 4l 7|s Wildlife and Green infrastructure provides wildlifes
. with habitats resulted in greater
habitats . Lo
_ ecological diversity
JRI01=e= Z9REr & 2 HEeY Economic The positive impacts on local economic
Rz Ze Tl 712 AMIsie =x =2 arowth and regeneration, especially for job
= ~ evestsrit creation, business start up, increased
g H =X UEYIE QUSHH, =A7IREA| IMVEStMENT | jand values and inward investment
4, FIEEWHE7|#H(Low Impact Development; le::il:gofa Green space supports community
LID) Eczv 2@k Jiolmmle] oist o ———— activity and increases local interactions
ksl HolEo] ExsLKID E}\].x e) =ile) Modified and simplified from Forest Research, 2010; CNT,
2ot FOAB0l EABHAIEL gHes =l 2010; Wise et al, 2010; Davis, 2010; Tibbatts, 2002, Bell et
Tl ‘ROl MEIAS] 7IRISH Vee RSt ¢ al, 2008; Weldon et al, 2007
ZolA ol AT sIHEE Al3ohe o4& A
B =9 UEYTE OHSHBenedict & - lodZEe A HEY EAZF 7] B
MCM&hOH, 2002) —/F'X]'Il:-lg] /-él 7H/\\_‘L Ei—!‘ ]‘ K]‘Cﬁ K]%.(natural
resources) 9] HE H A|E, MEfA ZEAAS]
$7, ARUES AFuo Azw 49 2 A

92 | TFEA=, M50 35 (2015)



Jzlel=at 71 HES oot EX| YD Wit AP

4 B9 sEe ABT 5 Arks
W oS &XE 2El EXH
Nadoz  gssEle  Ad
2000; McDonald et al,, 2005).
=741 OISR AAIRI-2

Hol| FE5t TSHQ =A AR AolFge JRIRIZE} 7
HEW EQE  He e =x9 HE B ZgUE EX
O|CHMcMahon, 3h= Z10] ohLlgt EX 7id, d& &2, Iz

o AXEA(built-environment) A it T35}
Y=z B 0F0 BE 7WE DEEUE Rl A

A2 SA-Eae-gol-7EF BEEX] £ A (Benedict & McMahon, 2002).

AMEIC] EXE T 0|9 RAE 7158 ot
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T
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Table 2. Nonstructural and structural green
infrastructure techniques

Techniques Descriptions

% Hol kAl 1259 =0 Z]olxL
E'l]x]’ L}T@L}/&)X}’ B'\EDE] < ] j.,l,_]&ﬂ} Minimi Cluster development, minimized
of sigksitt dsl':lr::rl:zz total disturbed areas, reducing
i . .
JRIlEe JMe FA 7] &A= R areas soil mantle disturbance and
impermeable areas
geel EXY Jlsg HIMow HE B = —
~ _ L _ Protect Protect riparian buffer areas,
goll #FEe Fasle HFERd J'd= Non sensitive environmentally sensitive
g} 71Hd RIIo] AN Bl BEQF AlESF SRS sturc.utral areas |22 .t'eplantlr.\g indigenous
techniques vegetations, native ground cover

g#ag 7R 939 =RA8e Zgse T

ZA JRlEZst sHow FESITL HITERE
]

Minimize soil compaction,
Protect |protect natural flow

e =8 EXo|834A 2 AE  THAoA] ecosystem |pathways, control natural

Hgg 4 Jom Agol mx)

functions |drainage connectivity,
preserve natural infiltration

E ggums

Eii}é}h E}E'ﬂ} X}'@E Q’EH% EE}E £ . |Tree box filters, Permeable

HooJe|n A JsE §AIsE HE 50 9 Infitration pavers, infiltration trench

[} 2525 7|HEL =xAE 2 AA-uix] T Structural Retenttion Rain garden, vegetated swale,
o BE 71sst AJNEE FE-AS-HEMo|R techniques vegetated filter strip, green roof

59| 7|3te 71ECERN AHMEIS] EX|QF ARG R?;r:\;/;';er Rain barrels and cisterns

71}3% go}jﬂ E‘—}Xl LHOﬂ qoi HHX]& B Sources: SMCG(2008), LID Center(2000; 2010), Prince

R EeEd VISE@ET 9, 014 S (RS I St of anronmantkore

it F{3id, 2013) AaB012) Miniary of amvionment0Ls LD Center
JglolmE sEe Agm BEe mEde Website(http:/wwwlid-stormwater.net/)

AARCE 1Hsle WHoM, A9 FHEH

ol Al WA W oW Age] mAol sisael 2 FHhel JRNIZE HE AlE A

e memel mEE Egs EAER mEge

2 TAl AZED =AY visE W omms D) =9 JRIQIZE HE AR A

7} gdste MEE-ARE gEe At J mE 7H9 ¥ ¥ O S 909

(McMahon,  2000;  Benedict & McMahon, ©f Hl= ZZA FA| JHREQ

2002, McDonald et al, 2005).
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ol Be TAl H HR A ZwEich m= - The project included riverbank
%7 5(American Society of Landscape restoration along the Willamette
B B River, rain garden, bioswale, green
Architects)o A= OHEt Hg HIFEE Hg roof, cistern, porous pavers, curb
ato] b= B2 O FLe] 479709 JRIfIEE A cuts, groundwater recharge system.
- Location: Downtown Milwaukee, WI
SARIES B3 ofEA JRld=Ee] HE0] - The Brewery project places a great
AHAIREE ] "8 AZsiy XYAR] & deal of emphasis on creating a
. e - comprehensive stormwater
Aol B Sstg RZsh=rlg AMASHL S manapgement plan and integrated it
Ll o] AlREE FAc us7|do S4=3E into the project's streetscape.
;_qjga—]_ﬂu_ xE_HOﬂ 511% SO ,’E’S’S}Oﬂ 7C}_c’_>_ The Brewery - All of l'?of and non-roof'stormwater
empty into one of the sites BMP's
o] B AnE guE Ik E AE 9 to be infiltrated, cleaned and stored
oNEE WAs TA] W TR ERojA oA to be released to the combined
sewer at a reduced flow rate.
g 7K =sAAAE 7ESI ARUER J - The BMP's consist of bioswale, tree
A2 701-%1%.%:}2 IRel & rjesl FEO| lawns, tree islands, and
— underground storage areas.
A]’fﬂ]% E@éﬂ'(ﬁi 3. - Locatign: Toronto, gC])ntario, Canada
- The project aimed at transforming a
Table 3. Field applications of LID techniques POSt_mdUStr.'al o manUFaFturmg -
. L into an environment education center.
(Foreign applications) - Through the GI technique that
Application Beterbtions reintroduce native vegetation, newly
cases developed site was able to respond

- Location: Gulfport, MS to the floodplain ecosystem.

- A traditional neighborhood - Surface runoff was controlled by a
development with low impact Evergreen | series of greenways and drainage troughs.
development principles incorporated Brick Works |- Roof water is collected into thirteen
in the home site drainage as well 5000-gallon cisterns and used for
as the drainage infrastructure for irfigation throughout the site.

Florence the development. - GI techniques such as bioretention
Gardais  |” % techniques such as Cluster facility, rain garden, bioswale, green
development, bioretention facility, roof, cistern, rain barrels, curb cuts,
rain garden, downspout removal, stormwater management pond,
and curb cuts were applied. permeable concrete, and greenways

- The overall network of small scaled are integrated into the educational
and dispersed stormwater detention center design.
facility eliminated the need for a - Location: Carrboro, NC
large detention facility. - Pacifica community was designed to

- Locatior: Portland, OR enhance community, sustainability,

- Green infrastructure network was Pacifica diversity, and affordability.

South integrated into a thirty-acre scale Cohousing | ';he. sto(rjm:/vate.r system was )
Waterfront mixed-use redevelopment project. Community steS|gnet © mln;fmlze. Increases n
Redeveloomert |~ The City of Portland worked with ormwe er. TUROTL, m.'n_'mlze
P developers to incentivize low impact channelization and piping, and
development techniques and sustainable focused on distributed stormwater
stormwater management facilities. pollutant removal
94 | T=EAZ, H503 3% (2015)



JzIQImat oY 88

Sis =X M4 Wt o7

- G design features are consist of
bioretnetion facility, bioswale, cistern,
porous pavers, and curb cuts.

Headwaters
at Tryon
Greek

- Location: Portland, OR

- Based on the sustainable design prirciple,
a derelict site was transformed into
a erwvironmentally friendly community.

- Creek and wetland restoration led
to improving environmental and
economic conditions of community

and increased property value.

- Bioretention facility, rain garden,
bioswale, green roof, porous pavers,
curb cuts and sotrmwater
flow-through planters were installed.

Source: Reconstructed from green infrastructure case study

(http://www.asla.org/stormwater) conducted by
American Society of Landscape Architects
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Table 4. Field applications of LID techniques
(Domestic applications)

Application

Descriptions
cases

- d techniques for minimizing
impervious surface was incorporated
into a road plan and a building plan.
Rainfall detention facilities (retarding
ponds, underground storages, and
artificial wetlands) and Infiltration
facilities (infiltration trench) was installed.
Gl techniques were utilized to
manage non-point water pollutant.
Urban parks and open spaces were
designed to have multi-functions
including stormwater management.
Permeable materials widely applied to
pedestrian road constructions.
Residual forests were preserved and
utilized as a ecological corridor.

Sejong-si

Natural drainage system was
preserved and utilized.
Gl facilities for environment

education, ecotourism, and
permaculture were constructed.
Conservation of green network was
strongly considered in planning, and
riparian buffer areas, ecological
detention facilities were introduced.

Paju new
town

Facilities such as Infiltration trench,
bioretention reservoir, stormwater
storage facilities, and wetlands was
constructed in selected demonstration
areas for Low Impact Development
techniques.

Providing wildlife habitats and open
space for local communities through
riparian buffer areas and
reintroducing natural vegetation along
the streams.

- Installing green roofs to create small

Asan new
town
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ecosystem and to extend green spaces.
Permeable pavement was applied to
park, pedestrian road, plaza, and
parking lots
Maintaining natural water flow to
collect rainfall through preserving
natural landscapes.
- @Gl techniques including bioretention
pond, cristern, underground storage
for the purpose of improving water
quality and stormwater management.
Recreation places was established
along with a small brooks.
Sustaining permeable area was
selected as one of the major design
principle, GI techniques widely
applied to the project's district plans
Existing wildlife habitats including
phragmites communis community was
preserved.
Eco-delta |- Considerable attention was given to
city topography in street and open space
planning to improve natural water flow.
GI techniques such as wetlands,
ecology corridor, riparian buffer areas,
bioretention facilities, early-stage
stormwater management facilities was
introduced.

Source: Reconstructed based on Choi et al.(2009), Sejong
city hall(2014), Kim and Jang(2010), Yoon et al.(2014), Song
et al.(2012), and Korea land and housing corporation(2008).

Gwanggyo
new town

Busan
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Al BIEE] AlAEE TSl ExE AlTAl  HElE FolH Z9RESH 243 3iEs
ZHEE Aty ke SEE TR ASL BA9] T 7K HHOE FYELLL
AtiEes  JRIelZaEl 7|Hol ik 1 =
AN FF8 7|8 249 AEo] FEE Ao Table 5. CN coefficient by land use and land
2 FERY J9TE JH FHEY 7Hﬁ01 i
g QslT) Level-2 | CN value by the land cover classification
land cover
24 UEE ORIA] HIQE XZoA FHE 7} classification| A B C D
55t o] 7EA J|HOR SEEs TAStE  Rcepaddy | 79 | 79 | 79 | 79
e e st Dry field
=} 5 =2 3fjed
Ag Age WA EXTIRS AR ol oY | e | 7 | &2 | s
mEt ZF EXmAE A 2RE/MITEEE T8 Orchard 70 79 84 88
Q=) 7o EEYEE i, ratural 30 58 71 78
o oL ogTA W AR =m grassland
249 HeEe EX 0§74 = = Other 49 69 79 o
o JuQlzele] HPHE TES] W) of  gasknd
Coniferous
AXTEA] AERTE ZEDE OKIA] FJAAHE = —— 48 69 79 85
LoIgEh ol okt AEAls AR 7 o] Breadest e g | g | g
ore
OMA] ¥DF ORLJEt HOW] AT &7 EF Mixed
B 48 69 79 85
otal et HAATF ARshs WAl AUhE SRR RS
28 X_“]QD% @H:F(E Hes) H]QEI]E 7= S.ources: Ministry of.land, infras;cructures an.d transpor‘c(IZOlZ)
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Table 6. Types of land by Hydrological
characteristics

Types of land Hydrological characteristics

Low runoff potential, High infiltration
A rate, Deep soil depth, Soil composed
of gravel and coarsed sand

Moderate infiltration rate, slighty deep
B soil depth, Soil composed of
fine-texture sand and coarsed sand

Low infiltration rate, Moderate soil
C depth with a layer hampering
infiltration, Fine-textured soil

High runoff potertial, Very low infiltration
D rate, Shallow soil depth with an
impermeability layer and clay layer

Sources: Jeong et al.(2007)
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Table 7. Appropriate green infrastructure
techniques by the land-use matrix

. F .
Rainfall rag.me . Applicable GI
ntation | Applicable area .
runoff . techniques
Ratio
LOW | LOW | Non-structural |Protect riparian
techniques in |buffer areas and
LOW | MID oz
order to sensitive areas,

Joumal of Korea Planners Association Vol50 No.3 (2015) |

preserve present
water circulation

Preserve natural
flow pathway and
natural infiltration

MID

LOW

HIGH

LOW

Non-structural

techniques to

improve water
circulation

Control natural
drainage
connectivity,
Replanting
indigenous

vegetations

LOW

HIGH

MID

HIGH

Non-structural
techniques to
minimize
impacts of
development on
water circulation

Cluster
development,
Minimized total
disturbed areas,
Reducing soil
mantle disturbance
and impermeable
areas, Minimize
soil compaction

HIGH

MID

HIGH

HIGH

Built-up

Structur| areas

al
techniq

Tree box filters,
Permeable pavers,
Infiltration trench,
Rain garden,
green roofs

ues to

improve
water

circulati

Roads
and
footpat

on hs

Tree box filters,
Permeable pavers,
Infiltration trench,
Vegetated swale,
Vegetated filter strip

Open
space

Rain garden,
Bioretention areas
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Figure 2. Land-use map of the targeted
area

Table 8. Results of the rainfall-runoff analysis
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Min Max Mean Std.dev

Runoff 1 4 cegs | 09843| 09026| 00590

ratio(Q)

Runoff

. 721.84 | 1207.26 | 1107.00| 72.34
quantity(Q)

Curve
NumberCry| 000|400 | 7216 1209

Potential 1621 59267 | 11013| 7434

storage(S)
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Figure 3. Patch reclassification map by
Hydrological characteristics
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Figure 4. Patch reclassification map by
rainfall-runoff characteristics
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Table 9. Results of the fragmentation assessment
Min Max Std.dev

Mean

Fragmentation
ratio (FR)
Standardized
patch area 0
(PAT)
Path area
(PAT(m*)
Standardized
number of
neighboring
patch (NP_)
Number of
neighboring 1 365
patch (NP)

0.0411

N

13268 01314

=

0.0003| 0.0061

14978 | 3422551359 | 983203 | 210347.29

0.0027

=
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Table 10. Appropriate green infrastructure
techniques and assessment of land
use plan of Asan new town

No. Appropriate green Land-use oo
"| infrastructure techniques |plan in Asan it

1 High conservation priority, | Urban o
Non-structural GI techniques| parks

5 High conservation priority, | Urban o
Non-structural GI techniques| parks

3 High conservation priority, | Urban o
Non-structural GI techniques| parks
High development priority, | Residential

4 ; @)
Structural GI techniques areas

5 High development priority, | Residential o
Structural Gl techniques areas
High development priority, | Residential

6 . O
Structural GI techniques areas
High conservation priority,
Non-structural GI techniques| Residential

7 ) . X
/ High development priority, |  areas
Structural GI techniques
High development priority, | Residential

8 . 0]
Structural GI techniques areas
High development priority,| Urban

9 . O
Structural GI techniques parks
High i . .. |Residential,

10 |['9n conservation prlc.)rlty, commercial X
Non-structural GI techniques

areas
11 |High conservation priority, | Open O




Non-structural G techniques| space

Quasi
residential X
areas

High conservation priority,

L Non-structural G techniques

Figurem7. Comparing
assessment map for GI with land-use plan in
Asan
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