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Comparative Analysis of Green Structure and Function of Cities Constructed
according to the Eco-Friendly Urban Construction Philosophy

:In the Case of Multifunctional Administrative City in Sejong, South Korea and Tsukuba-si in
Ibaraki, Japan

Of0|CIORO=" - BERF™ - RO ™. ZBIF™ . 24"
Aida, Ayano - Park, Chan - Choi, Jae Yeon - Cho, Min Gyun - Kim, Su Ryeon

Abstract

This study compares and analyzes the structure and function of green spaces from the perspective of humans and
ecosystems, targeting the Multifunctional Administrative City and Tsukuba-si, which were planned as Eco-cities. Through
a review of previous research on both aspects of people’s use and ecosystems, three analysis items were set: “Green
Connectivity, “Accessibility of Urban Parks”, and “Quality of Urban Parks". In addition, changes in the green space of
Tsukuba-si were also analyzed. As a result, the Multifunctional Administrative City has relatively high accessibility to urban
parks, but the connectivity and quality of green areas were found to be low. Green connectivity was more than doubled
depending on the area of green and distribution, and quality of urban parks was significantly different in terms of dense
vegetation (above NDVI 0.6). Although there has been little change in green areas of Tsukuba-si for 30 years, the dense
vegetation area and connectivity was found to have improved in the core area. To develop into an Eco-city, the following
is required: (1) Green space plans and development methods that assure connectivity and area, (2) improve the layout of
urban parks to increase equity, and (3) interaction between vegetation plan and sustainable management.

ZHof MENEA, XI&7HSEH HY, =X| G2, TAZ R &, H2d
Keywords  Eco-city, Sustainable Development, Green Connectivity, Quality of Urban Parks, Accessibility

* B =22 #ERO MHoE SIREFMAI ISR TAIME) 212 B2 7IaTHLAIC] XIS »ot GEl Z4R(2019002760001).
** Master Student, Dept. of Landscape Architecture, University of Seoul (First Author: a.a.s.ryeon91@gmail.com)
*+ Agsociate Professor, Dept. of Landscape Architecture, University of Seoul (chaneparkmomo7@uos.ac.kr)
#xx Ph D Student, Dept. of Landscape Architecture, University of Seoul (istel_en@naver.com)
weoek Ph D Student, Dept. of Landscape Architecture, University of Seoul (Ig2173@uos.ac.kr)
renekk - Postdoctoral Researcher, Dept. of Landscape Architecture, University of Seoul (Corresponding Author: ksl85@naver.com

Journal of Korea Planning Association Vol.55, No.5 (2020) 83


https://crossmark.crossref.org/dialog/?doi=10.17208/jkpa.2020.10.55.5.83&domain=http://kpaj.or.kr/&uri_scheme=http:&cm_version=v1.5

Olo|Ctojoft: - HHEt- H{RIH - XTI 242

I.ME

1. S22 HiE H =X

19701 o] SRHEE di7] e, eERt, AAgut] 5o =
AEAE sjdstal S RAn /e 2315 A8 M2
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Figure 1. Conceptual model structure
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Figure 2. Concept map of ecological network
Source: Ministry of Land Infrastructure Transport (2006)
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Figure 3. Future image of green space environment in Tsukuba
Source: Tsukuba City(2016)
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Table 1. Comparison of basic information of both cities

Multifunctional Administrative City Tsukuba City
Parameter Study Area 1-1 (Stf:y'x‘:':‘; g  StudyArea2-] (acu&“ﬁ_z)
Starting a Project year 2005 1963
Move-in year 2011 1972
Area (km?) 72.80 14.02 283.66 16.65
Planning Population (Persons) 500,000 122,999 350,000 100,000
Present Population (Persons) 237,338('19.06) - 235,602('19.06) 81,990('14.12)

Source: Ministry of Land, Infrastructure, Transport and Tourism (2008), Multifunctional Administrative City Construction Agency (online), Tsukuba City (2019)
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ore Aren(Study Aren 2-7) 0-3-5 2 18
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12 a4 1
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Figure 4. Study area
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Table 2. Perspectives and literature for setting analysis items

i Case
Perspective A::alysls
ems Author (Year) Indicators
1) Proportion of Natural Areas in the City, 2) Connectivity
Measures, 3) Native Biodiversity in Built Up Areas, 4) Change
in Number of Vascular Plant Species, 5~8) Change in
Chan etal. (2014) Number of Species, 9) Proportion of Protected Natural Areas
10) Proportion of Invasive Alien Species, And 13 other
indicators
Species Green - .
. - - 1) Area of green space and water in urban area, 2) Proportion
habitat connectivity m;?ésstt%g,{uﬁnd' of Protected Natural Areas, 3) Connectivity Measures,
Transport and Tourism 4) Change in Number of Species, 5) Functions of ecosystem
Japa np(201 6) services 6) Local government efforts 7) Resident
P participation
. 1) Stability, 2) Connectivity, 3) Naturality, 4) Diversity,
Choi et al. (2009) 5) Rareness, 6) Potential
Tanaka et al. (2017) Convenience (Accessibility)
Comfortable éfcsss::]blhty Ishikawa and Asami Convenience (Accessibility, in high density & commercial
life (2012) area)
parks
Kim et al. (2016) Equity (Income, Accessibility)
. 1) Existence of large habitats 2) Ratio of surrounding green
Ichinose (2002) area 3) Existence of vegetation
1) Area covered by trees, 2) Vegetation structure, 3) The
degree of urbanization in the surrounding area, 4) Area of
Katoh et al. (2015) surrounding arable land or grassland 5) Distance to large
habitats
Species .
habitat imamura et al. (2012) arg;(:?ac:]fdfzrrgitnlgr\s% gr)nArea covered by trees, 3) Ratio of
1) Vegetation of river coriander, 2) Use and management of
Coexistence Kuroda et al. (2009) grassland, 3) Existence of green space in surrounding area,
of human Quality of 4) Land use of surrounding area
and urban parks Tsuchikane and Osawa 1) Ratio of surrounding green area, 2) Area of porous
environment (2008) structures
Choetal. (2014) 1) Ratio of green area, 2) Average wind speed
Lietal. (2019) 1) Area of green area, 2) Area of river, 3) Elevation, 4) Slope
Urban'ty Oh and Hong (2005) 1) Area of river, 2) Area covered by trees, 3) Elevation
ameni
(thermal Ko and Park (2019) 1) Area of residential building, 2) NDVI
comfort)

Taniba et al. (2016)

1) Ratio of green coverage, 2) Shade of tree layer, 3) Amount
of solar radiation

Kato et al. (2015)

1) Degree of development of canopy
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3laL A A 4 QeF F-o] ujA|Elo] ekl wkslgich,

EAEY A dolds FPEAY B, 3% dHolE 29
(https://www.data.go.kr/) oA F7/0 =)= =AlE-2e] AR
(201941 98 23% 7|5)E S SLAL vjo]H Wt Arc Map10.59] H
A 716E olg3lo] ale] AT BAE Akt A5t}
A|9] 739- Fallo|RofA4] Al F-U - 52 F R 20189 7¥ 59 71)
& 22313 Google Map¥} Arc Mapl0.55 08310 677]2] =A]
Y BAE 23sl5icHFgure 5).
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Figure 5. Parks in study area
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AR R AH|AA] FAEE 422383 L 5m w4 )
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S v)= Ao g A AthTable 2). o2t 2142 45
2 A Aste] PRAsH: AHE NS 7o R AEl=
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At 2eja diA] AAe] wAl3Y AA WA F 7
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Hl&o] 245 mAgHo] AP AR Al 71648E
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A, 2020). 5A] FEL ol 2] A o gt A WY
2 AE TAA] ERISHAA T 5 A 9] 24 Al7|17F 2] o
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Hsl7] Qjste] 2A5t8EA9] 19874 79 2499 Landsat 5 914
G dlolel§ B-8-3t0] 1 FAQ] 7] L upelat AAY F4
& AA81e] A A 2] 59 oF 301 Fof oW ¥} o] Foi R
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A A%} vl mgol oist QR AARE EE&saA} 89
o}, 2] e gpob Yl 1ex] AAA HAL 1)) Wt FUsHA
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NDVI Zte] 0.36 o2l S A2 P EA] HA|(Study
Area 1-1)3= 55,745,608.100m’, tiAFA] A H2] v 76,569%
o]iL 15x| 0] AANL 54.568%, WA Hl&} 2] AR F3
T AL 4,177.726%01 0}, AFHHA] HA(Study Area
2-1)2] A WAL 230,908,500.000m’, 5] &2 81.402%,
E2]9] AARLE 100%, FH AR 8,140.200% 0]k, B
LA AR (Study Area 1-2)S %A HH 5,214,320.003m’,
=2]9] Hl&o] 37,183%0]3L 52|9] AZAL- 44,904%, T 2
T2 1,669.66580] ik, 2A5HHEA] AR Y (Study Area 2-2)
& =2)9] W20l 8 741,106.090m’, 54| 2] H]-&o| 52, 498%, =
2] 0] A 89.858%, T AR 4,717,365 0131k,

NDVI gto] 0.6 o2l A5 A=A HA(Study Area
1-1)%= 352]2] H2{0] 9,294,776.956m”, THAHA| AA| HA| o tf
gk 5219 B]&o| 12,767%°]3L 5A|2] AAGLE 69.015%, T
23 ko] 881, 1158 0| ik, 2258EA] HA| (Study Area 2-1)& 35
Z]2] w#]o] 135,869,400.000m’, 54]2] H]-&0] 47, 898%0°| 1L 5
A 2] A7Z3L- 99.996%, S A3gke] 4,789,608 ]k, P
SEA] AR % (Study Area 1-2)& 2572 HA{0] 441,283,332m’,
52]9] B]&0] 3,147%0] 3L A 2] AA4L- 86.049%, T A%
#ro] 270,796 01 Ak, 2251HHA] AR A (Study Area 2-2)2 =5
Z]2] 20| 3,378,796.393m’, 521] H|& 20,293%, 52|9] A4
4 94.612%, % A3k 1,919.961730] 2tHTable 3, Figure 6).

EARBETGS AFECBDOAA EA] W A WA vlg F7}
715 F 20%5 3 A4 H718}3(Chan et al., 2014), A&
EHAI2015)+= 2030 A7HA] A 0l 53EE 25% o4, tiA
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Table 3. Results for green connectivity

Multifunctional Administrative City Tsukuba City
ftems Study Area 1-1 Study Area 1-2 Study Area 2-1 Study Area 2-2
Green area (m?) 9,294,776.956 441,283.332 135,868,400.000 3,378,796.393
above Ration of green area (%) 12.767 3.147 47.898 20.293
NDVIO®  Green connectivity (%) 69.015 86.049 99.996 94612
Multiplied value(point) 881.115 270.796 4,789.608 1,919.961
Green area (M?) 55,745,608.100 5,214,320.003 230,908,500.000 8,741,106.090
above Ration of green area (%) 76.569 37.183 81.402 52.498
NDVIO36  Green connectivity (%) 54.568 44.904 100.000 89.858
Multiplied value (point) 4177726 1,669.665 8,140.200 4,717.365
N N

- Area with NDVI value of over 0.60 (Zone 0.60)
[ Area with NDVI value of over 0.36 (Zone 0.36)
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Figure 6. Results for green connectivity
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7b SR AR & 4 QUv), FAHEAL B, BAHEA] HA F
0.36 ©]4331 A 2] 2] WA o] 76,569%, AAA]-S 54.568%°] %
a1, AR L 157] WA o] 37,183%, AAAL 44.904%= LrE}
U Al O 352)9] 37t w7 e FER o]Fojd Aow
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ol Ao AAAe] ¥ Aolen, FAHLA AHA AL
0.6 o]4el Ao 7hAtElegt EaE3ka e 0,36 )4
0.6 Wgke} Zjojo] Ujie] M o8 Hualil 9)7] fEoR
Lreb,

53], FHLEA| HHR G (Study Area 1-2)3} 2276|417
Q(Study Area 2-2)2 NDVI 0.36 ©]AFQl 2] HZA&L
15.315% &o|7} o}t AAKL: 44.954%2) 2o|F B}, o
© 27 A 27 DARE 236 A7 58 R
g 71E HAE 7 973 AstUA el EARY, 7HE
P, B3 w82 AR FoAE 57 QA4S st} &)
7] thEo R ke, FAHLAE 7]E AR EX3e e

Table 4. Results for accessibility of urban parks in core area

Core area in Multifunctional Administrative City

A W AA O EAEh: A= B AASIIL A& 2AlE A
ol we} 7)1 2oz Aol mE gl Ex= iR Y
AE dd4o] ofphd Ao = ekt o] =AY 27)%
| 52]9] AA4 SRS RE A vliA], 33t B8 T SR
B3 13%te] A=3) eqlo] WAt

2. EAISHe| H2Y

AR % (Study Area 1-2, 2-2)& WEeR Z=AFU7FA]9|
A B4R A, P A AR Y (Study Area 1-2)9] &=
Alg-go] 225kA] AR % (Study Area 2-2)0f] M]3 /g0l
A YR PR A0 mAFY ol Algle] ARtAoR 7
Sokal okl B 4= et YA LAl AR (Study Area
1-2)2 250m WSl E3=l= A8 AwH o] 7,334,573.195m™]
il H&2 88.009%°1%ct. 500m Wl AE Awzo]
8,331,111.458m’®] 3L H[&0] 99,967%, 1,000m W= HE A
Z]0] 8,333,515.072m’0| 3L ¥]-&0] 99,995%0] 3Tk, 4] 2| %o X
$HEl= AE AHAS 385.638m™0) 3L H]&0] 0.005%°] 31t 3
H 256EA] #4129 (Study Area 2-2)2 250m ol Z3=]=
AE A o] 4,519,145.168m’0] 3L H]-&0] 68,409%°] ATk,
500m ¥$= 6,160,474.544m™0] 1L H]-&-0] 93.255%, 1,000m ¥
2= 6,562,640.714m©] 1L ¥]-&-0] 99 343%0]gich, 12]arl 4297
92 43,381.540m 0] 3L H]-£&0] 0.657%°] AT Table 4, Figure 7).

FEAFR] A4S 500m, 1,000m HENA T A m%
90% O1FLR A e, 2 2jo|F Kol olt), 40)A]Y
& PAHLEA] AHR AL AR A, AF6HA] AR AL offgtal
7F YR8k} LeAlg-e] 49 x| o] WA=}t

£3] 250m H$lellA] 19.6%2] & A}o|7} Leryltt, o] FA %=
Al 8525 gFasES FTHOE T EAA oY
FAA o] WA= PR 2= Q7] tiEe] A5E o84
LAY Aol A vehd Zlor wdE|gic), ghH At}
Al AR AL B 1w A 7t 2 EAlggo] viRjE AL ool
Zp2- i) mAlg- o] 24 E W w7} Eat Ao] Al Al

Core area in Tsukuba City

lterms (Study Area 1-2) (Study Area 2-2)

Floor space (m?) Ratio (%) Floor space (m?) Ratio (%)
250m 7,334,573.195 88.009 4,519,145.168 68.409
500m 8,331,111.458 938.967 6,160,474.544 93.255
1,000m 8,333,515.072 99.995 6,562,640.714 99.343
Alienation area 385.638 0.005 43,381.540 0.657
Sum 8,333,900.710 100 6,606,022.255 100

90 "SEHE, Ms5H M5E (2020)
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Figure 7. Results for accessibility of urban parks in core area
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k= A3 Aol 7k 9h& 4= Qltt

3. ZAISH H

4% (Study Area 1-2, 2-2)2] EAIFYE AFOR B4
g A3t FAEA] HHA] A (Study Area 1-2)9] EAFES A
A |2 oin] NDVI ko] 0.6 o121 H4] Hl&o] 1 5%= Vrebigt
o}, olojA] 0.5 o]4~0.6 HIT 11.06%, 0.4 ©)%F~0.5 w|gt
15.49%, 0.3 ©]AF~0.4 1|2t 22.38%, 0.3 ©|9t Z] o] 49 57%=
ZpA| 8, AFHRA] A (Study Area 2-2)9] Z-,

Table 5. Results on the quality of urban parks in core area

Core area in Multifunctional Administrative

b) Core area in Tsukuba City(Study area 2-2)

NDVI g} 0.6 01431 A o] A Al g A oiv] 49,72%= |}
ERt}, o]ojA] 0.5 o1d~0.6 Wt 22.81%, 0.4 °©14d~0.5 Wk
12.95%, 0.3 ©]AH~0.4 7|5} 8.80%, 0.3 1|9t 5.71%2 X} 5%t
(Table 5, Figure 8).

NDVI gt 0.3~0.6 *H$1¢] H&o] FAHLEA] A Y (Study
Area 1-2)9] EAIFYE 48.93%, AFHRA] AR Y (Study
Area 2-2)& 44.56%% B33t 42320]910 L}, NDVI 0.6 ©]4H)]
A9 1.5%2} 49.72% 2 2ol Bt ol & F3 Ayl
LAl Ee] Aol A=A A% (Study Area 1-2)0] 22504}
Al A A (Study Area 2-2)0f] ]l A o2 PA et &
A BAEARE EAIFHOR QI F|9S Wol WhA] Fah= A%
olgh= A& & & ALk, ol wet mAlRle] FAl& &4 4 %l
AL AEFO| G323 Ao R mAlgHo] 2AHEE FY
AE] GARE ZA9e] FAFEeRO] 7% W BEF A4
7029 716-E FH] 24E £ e A 29U40] aEE

Items City (Study Area 1-2) (%) Core area in Tsukuba City (Study Area 2-2) (%)
Over 0.6 1.50 49.72

05-06 11.06 22.81

04-05 15.49 12.95

03-04 22.38 8.80

Under 0.3 49,57 571

Sum 100 100
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Figure 8. Results on the quality of urban parks in Core Area
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Table 6. Comparison of green connectivity with Tsukuba city(1987)

Multifunctional Administrative

City(2018) Tsukuba City(2015) Tsukuba City(1987)

ltems Study Area Study Area Study Area
Study Area 1-1 1-2 Study Area 2-1 2-2 Study Area 2-3 2-4

(Core area) (Core area) (Core area)

Green area(m?)  9294776.956  441,283.332

135,869,400.000 3,378,796.393 127,427,821.000 1,862,505.627

Ration of green

area(%) 12.767 3147 47.898 20.293 44922 11.186
Above
NDVI 0.6 Green
comectiviy@) 9015 86.049 99.996 94,612 99.984 25.296
Multiplied
value(Point) 881.115 270.796 4,789,608 1919.961 4,717.365 282,961
Greenarea(m?) 55745608.100 5214320003 230908500 8741,106.000 241,694,703.400 9400,117.725
Rationof green 76 5 37183 81.402 52.498 85.204 56.456
area(%)
Above
NDVI 0.36 Green
connectivity(%) 54.568 44,904 100.000 89.858 100.000 86.913
Multiplied 4177726 1,669.665 8140200  4717.365 8,520.400 4,906.760

value(Point)

Aotk FEad 4 drhs 7hs = wrE A

& A5 T FF AIFA E S EAISO] A AR B
3%3817] f18ko] 21FBfoF k= T2 ofeiet 2t

A, BEF A4 874 B4 FhA AR AHR 2
sto] A 23k AG2 Ay DAY e dd" sA |
A& ol 3k, 7]E =29k g oR xoslo] AAH
=2 87 THEol @ & e ARl Basi, i =
A AFoll= 52 YTt Rof AXR2A QA To] of-nR
FA DA MAR] @ o] AIHE WHE 5 e Y
gAje] digt 2127} Wasi, AFuEpA o] A9, FH 249
FE AU A 2ARE AAskL, BA 77 e s A
o ¥& 248t 271578 &A% £& ATt EE, 7}
B4 7189 HY $74& IR 973 A2 EAG dAHSE
A=SHRRE A 71E =9 EAIRA, 352 24 84
I ZpolE Helrk, kA o= AEA] A A] 7] AHAYsH
A2 AASIAL A2 2R AASHAY, A 7H7E 9=
TES TR FROE o]Ashe SO WY o R A9 A3t 73
2 AL EATEE FARE s 4 | EAZ}
M=l BEF A48 Hsh M8k 93] 7]& 52 |
A3t QAL BFEslaL 529 22| AshE HAsse] 2
7160 7212 4 AES Fof gk,

4, A7t 0§ ZHofA 107 EAF-Y FAof izt g
= FASAT FPAYL wol7] S5t EAIRISO] olstA A
T 5 Y EASY Alge] Fask &, AfUE d9E =
AEUE AR wiXEAY, EANIEC] o]§8hs EAA]

A, WFRFA, FAAE T3 HAS 12t Ago] =
AR1E] A3 o] 8ofl FAAR] P k. EFE, =AEY
oleloflie AFHpA A= HA@A Y AAHEA,Y AWER A
AE? 5 Ao oz QY 3t 53] F7HE FHslo]
AR Algle] AZehe & Eolit Yok Al 27] 9AIRE
ST 57 WA k= A olQfofi, on] AME EAG
A7F F7FRE Al ThRE Aleet A Bg3te] 7] F
7hE B58ke] AlRle] THEEE Y Wavt ok

AR, EARIE] FAZE 52] o]-§ ST FEF A4 SHo
A =2 24 A ARAE L 2421 He7t FEH o8 283
of 24 gt ARl 716 B 4= Qlral wekE), 25k}
A 5271574 8)(Tsukuba City, 2016)9A41%= EA] AH) Ez|o]
4 T A, %A, $Y 54 T A 7158 ke 54 FF
ERE A WA 60%(7]|E 63%)E AAstyct 18la 2
S S A=, FYZARA ZH] LA A AY AYE =
H-olgsialon, 53] 3Uia T 5wl ANl 7135
520159 715 3570 SA7E 4470 F-Qoll A EF)skaL At
olg|gt HAE T3l FY - 5A9 F7HAQ H&E WAEAL, Al
9] &2 P FEE 529 AH S skl A
2R A E EYE & o, =AI o] ¥ AlTlelA gt
2] $70E AEA o Algatal, e 715-& FA8] 1%t
et B3 AT AglY] o]y, iate] YA e AA =9
SO A0 ¢, AA FA| W FE Fiedof & Aol

i Aol A7 AEjA| 9] FEolghs WA AeiieA]
& vt Al 7HA] e AIZHA RISHE aiEste] BAs A
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