R RERE No.75 2019
TAKENAKA TECHNICAL RESEARCH REPORT No.75 2019

YE BHBTOITI) -4 27 ZERAICEITTORY A

Approach to Apply Green Infrastructure in Urban Areas

Summary

Green infrastructure is a new concept of infrastructure that focuses on ecosystem services provided by nature. It is a new way
of thinking that creates various values and realizes a sustainable society by utilizing the multi-faceted functions of nature and
creating various ways of using them. It is also a concept that focuses on the flexible, multi-faceted, integrated functions and roles
of nature over conventional social infrastructures, such as concrete artificial structures. In Europe and the United States, green
infrastructures are collectively referred to as various names such as Natural Infrastructure and Nature-based solutions, and are
considered cost-effective solutions.

Green infrastructure has been prevalent in Europe and the United States since the mid-2000s, and is a concept that is rapidly
gaining attention in Japan since the mid-2010s, but its definition varies from country to country. The Green Infrastructure Study
Group in Japan defines it as “infrastructure and land use plans that contribute to the development of a sustainable society and
economy by using the diverse functions of nature wisely”. In addition, the national land formation plan decided by the Cabinet
in 2015 stated that “Japan will promote efforts related to green infrastructure that promotes sustainable and attractive national
land and regional development by utilizing the diverse functions of the natural environment in both hardware and software
such as social capital development and land use”.

In recent years, green infrastructure has been attracting attention in Japan, and it has been actively taken up by governmental
and local government administrative plans, and efforts toward social implementation are being rapidly promoted. This is
because it is expected to be an innovative and effective solution to various social issues faced by Japan. In other words, Japan’s
major social issues include population decline, declining birthrate and aging population, stagnation in the regional economy,
widening disparities, financial difficulties, increased disaster risk, and serious global and regional environmental problems. As
well as aiming for an approach that comprehensively solves the problem, multipurpose solution and economy that can meet the
complex and diverse goals that are the characteristics of green infrastructure are expected.

In this way, although green infrastructure is highly promising in Japan, the efforts to build a green infrastructure have just
begun, and many issues remain for social implementation.

In this paper, we first describe the outline of the green infrastructure (definition, background, features, applicable areas,
issues), and then mention research related to the planning and construction of the green infrastructure that we have
implemented.

In Chapter 3, the development and evaluation of rainwater infiltration type green zone (bioretention) and the technology that
uses rainwater after passing through the green zone for irrigation (rainscape) are described. This Chapter shows the results of
evaluating long-term effects, focusing on the rainwater storage function and water purification function among the various
functions of these technologies. In urban areas, by installing these spaces around the site, it has become possible to delay
rainwater flowing out from the target site or to cut beaks during heavy rain. As a result of the measurement exceeding 3 years,
it was shown that the effects such as beak cut at the time of rain were continuously exhibited.

In Chapter 4, focusing on the creatures among the multi-functionality of the green infrastructure, we introduced green space
planning support in consideration of the biodiversity conservation of the city and research examples on how to use the
creatures. A lot of research has been done on the conditions of green spaces and the richness of biodiversity, which are the
habitats of living creatures, but there have been few studies on small green spaces such as urban rain gardens. We focused on
urban birds, which are indicators of biodiversity, and conducted research on the relationship between the design conditions and

the biodiversity of small-scale green spaces that can function as green infrastructure.
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Development of “Rainscape” to Reduce the Flooding Risk
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Overview of the Bioretention System and Rainscape
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Situation of the heavy rain after three Typical “earthen wall” as design motif Boushuu stone
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34 FED
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4 FHBRICER U e E BRI

A Supporting Tool for Green Space Planning with Consideration to Urban Birds
8 HA Masato Kitano*'

41 JU—=A4>7Z7EETEEDSHM
Green Infrastructure and Diversity of Urban Birds

7)) =AY T TORRKOERIE, TOEREETHY), WHTIIEELEYOLEBEME L TRIET 254D
M ENTWD, HIROAMADN L Z B LAaehE - LYYy A, HERD I W EETH ) EWEHE)E )
THAHATZEBNERECH S HETE S, EWOEBERM & % 5O L EMEHFTEOE N ZEIZE L TidE
ZAMBEESNTETCNLHOD, HEFEHSRTWLEHOL A v F—
T YO L) BN RIS LR R, S -4 v T
T & L THERE L1195 /MBS O REET 4o & EM S O B RRIEIZ D W
TOHMBIFBIR TS TWw 5,

—IRIZEM SO T D ZHEN R TR & LTI, EREREE
AEETLLING, RIELLLEELREL, ZTOREIIL URer
EDLFPEIANTHY, FMHMORELRERERSIIHT2HED
GV BEDQHTHEL TS EENTWEY Y, HililchB W TiREL
RBHEWE, EEERY T Iy FOEMETHLZ L (Fig. 1) REEHM
O T 2 EEME, BIRORS SEOHENS, BEINRIZL S
ZENSEWY, ZOONETIE, BWHOEMEHEMOREL Shbl -
B H L, i B4 BB L AR K S 2 2 - & Fig.1 EBAET S5 F

B (https://watarase.or jp/wild/)
e LT, BHEOERIZEE LGRS MICET 282 1T - 72 Ecological pyramid

42 BWAEZREICLABHEEOEREEROET VT
Modeling About Habitat Probability of Urban Birds Based on Field Surveys

421 MEDE=R

AW IR\ TICRE L 7kt 2 5T % b C, — D DB KDY & OALRE B ORI 2 TS DD,
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PRAESNDEPIERHENTHL I e h6Y Y, 7y M Ty b b LOERERGE S WA BN FEILEE L,
F72, MHERBIZ 2O 281 % 5 CIOMBERE LT, [BORE] 77— 8 DFENFITLNL, TS
FUIHHIE ) QIR WTEIE TIHEI L TH 0, BB AR 2 IRA BB L 20 S RS 42T TWwh EE 2
bNb, T, 7o FEREREZFM L 2RISR SN T TRODL 2w EbE <, 2o [B0
] 7= ODFEZR RN O L E BT, BEOG M & EREEFEOBRE R THRT L TL £ ) 2 &I12%
Nhbo MEZNEEZIELT I L IIEAER L BOLMIKIILN 15525, ZREIAIB2roTLE) ZENH
PUHB R IRISR L 130 2 2\ RIFFETIE, ikt 20 RIS L BEMHOB MR AT — 5 2 812, 72126 F
ND [OALE] 2B LR S N2l T — & 5 bk 4 RO BREEHRIT 2 [ R &5 C & 2 Tk
T 5% EHET IV (Multi-species occupancy model)”" ¥ & FI\W 72 EHENT 2175 = & C, #iiBEHOLEBET
WERRESEL Tz,
4.2.2 BIMRAE S L UHER
1) BEOBRMAE

FHARTEBIZ BV THIRWBEL O /N S W RSEREFAETE T 2k (B Likith 2 &) F 721300 h A6 % 24 &
HEL, FAEMANTHRICL 22 ART, RSN BERCMEEREL LS 72 AT & RN,
A D3FZFE R L 720

k1 LYY= T) IARE EE - WTHEEASS  FAT Chief, Manufacturing & Logistics Engineering Department
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2) MAEMORERHE

— %, BEOARBISEEERGZ 2BERIFKEL T THA FLNVOER FIEERORESE) &9 F
A7 =T LV OER (AEMELORERE) 1200 ohs, BEMEESEIZ, A4 LV OBREERIL,
Bk (EARRE - BARRE) OBEHEL LOREL L, BARELZTH) LTINS MBLA. 727 FA
=7 L)V OBEAHI, A OTL S EFS00m N ORRERE X KB E ToMEE L L, fRkikE
ARG 2 L EBLERAESR . (NDVD) & o CTHhE L, RBEREH £ CoBisEiZ10nall 1 % KBS
& e Lz LTI COBMIEEEZ R L 72,
3) M

RETIE, FEEORMERZZBLIKEETVCTHILEMERETVE Wz, E7IVOMER % Fig. 212
RL7z. BEOFERT -1, fEbho SHEREORENZ LT AR IO 2L SERIKFE L7280 7o &
A TI2ODNRNV A=A GHIC L > TRENL, A MidFlsiZ L > TR EINTWDL I &% [Hisic X A9 A b
DER] EEFL, INEz=18FT, 2OV A PEFEHHFHL TORITIUE, 2,=0TH b, i3V 1 bOEH
REERZ RIHEREHTH Y, DT CTHMTAIERBED/DIZE TN SN WIRREE R TH 5. (HSAMEEIL
2, =1 E R DMERTHY), INEWikFET, BIEINDEAT— 5 O5Mi, RELEEOMBEIKELTUTOLD
WCETFMEEND, A4 FBEFEENTVS (z,=1) OHBAEIZIE, 1RIOFED 720 p,OFERTHsHBHE SN L,
—HT, HsHHA MR EFELTHTD, BRI -p, THEINLVWEDETE, TOBREICLY, [BORTE] 77—
¥ % Z R L CREMHOB/NHIZBIE L 72 HEETTh IS,

FERCERBIIC L 2 AR EIERMROLIIIUT O L ) LHMIEE T VICL ) EF VLIS,

logit Y = ags + a1s* GRELD); + ays* BRETE2);, + ==+ (1)
logit ps; = bys + bygx (BRIELD); + bys* GRIE2); + ==+ )
Ll & BEEM ORI Z o R oRir wE sem=y v ‘Eﬁﬁ"?
FHCHEET A LIC Lo THO DN ER D, EF Dsi ! X pfﬁffi“
Sij = Z: R&
NMEREB AL ZEF VL LCEMMEL, 785 A — i~ . w» | Vs i
5 DFRBHANE N T TEE L F A VO R <:>;@mﬁbF1 £ _p R
s WIEHE TRRS Ysij
WCHEE L 72o KBHOSHTERICE, A ML "
NV ET YRR =T LA OBREE A 1W@“<:> L V=0
WhEADEELOND, —IRAMEEL, 7 o B

s e, \ ;,‘; - “ r 7;,\ L r J L Y J
Z b HBDPRE TV B ER TR T A B 7 P ——— FATOER

R L L&D & AR BE 2 S T Zsi ~ Bernoulli(si) Vsii ~ Bernoulli(zsi X psi)

HZEIWZED [BORE] BROFHNEDL 0K Fig.2 E7LOMAN
ENWEEZONAZENS, BAMERIZIZT VR Conceptual diagram of the model

AT =TV NIVOBEEEROAERT HZ LI

720 SEIGEIEDREL ZF 2\ & ) BIEEHOSEILRER (VIF) 2102 BA %2\ & 2HRELEY,
423 {#ER

K EFEO MR - SRR EBIELKRE OMDINT A — FHEEMED—E % Table 112k L7 (B D90%1E HIIX
B0 & T Vb DERETRLTWVS). L OMEMDERIZT T ATHEEL G 2 TOLBREERIE, A FLA
NVOMEARBETEE 52 FAT =7 LNV OEETH > 720 PEARIZE O BEIZAPE R EIHIGITS % fefit 4
Bz, BMIZEHWIZEBEOEBIZIEME L7281 7% Ao Fig 312 A Y00 SR &SRB KO BRI R
L7ze F2UA FLANVOBEAKRRBHEDGZOMOERIZ T T AITHEL Tz, 77TV A, YONT
VI, V) B FEIMEL FRREGTE LTHHT 28006, BT LTEAZFAIHLTWE Z P
EZbNb, TORIBEENEY TLIHEMENBY, FEL-BBEEOEERIARTOREENZ, T2
TRBAREEM A EIFT 27 7 A AOABIZIE, BEARBHEERD + I L T VIRABREBRENS 251384
BLAL hp@EmBR N7z (Fig 4)o —HEAIUHBERES 4 7TH, FNRLIFINE, 47 FY v 28
EDONEEWICHZEY) ZOFREDPREICR S 2 LS VEOARIZIE, SITEARMEERI~ A FAICHEELC
BY, TN LIAMREZFLHERII R o7, KEBGRM F COWRBEHIS RO ClEBEOABICRKE s
B2 TCnedrolze BERMERIZOWTIE, PESmA DR A F AHEEL ThLHERELH - 72, I
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LA OEBHER I B\ TUE, Rk 2 WRIA SR L2 o RS2 1ToTH ), #0128 w3 L
(TS 2 R CHE A 2, A B /N & 2 S O FA M AFIN SN B BEAMRT 5 2 LBl & L
TEZOLND,

Table 1 & RAED AR - JERMER & BRAKE OMD/NT X — F el (—i% Hr)

Parameter estimates between occupancy and detection probability of each bird species and environmental variables

o A T R 5t B =R
% A~V 7Y FATr—=71L~N) 7Y FATr—=71L~)
s H Y
AR REAR R RE REsom L EUR pgsom SRR
[l LIRES [l LIRS ES (oI ES i ey ES 5
1 74757 1.55 0.02 1.37 -0.30 0.80 0.24 -0.11 -0.22
2 7TEFY 0.91 0.48 1.24 -0.14 0.87 0.06 -0.21 -0.40
3 TANT 0.95 0.93 1.18 -0.22 1.18 0.25 0.11 -0.53
4 fvealry 1.66 -0.93 1.26 -0.79 0.67 -0.01 -0.64 -0.29
5 974 A 0.35 1.22 0.92 0.32 0.95 0.17 0.44 -0.27
6 TS 1.07 0.23 1.22 -0.39 1.06 0.28 0.07 -0.80
7T AFIH 1.27 0.24 1.24 -0.48 0.95 0.08 -0.07 -0.54
8 2.03 -1.55 1.23 -0.17 0.55 0.30 -0.58 0.19
9 Iy 1.75 -0.68 1.19 -0.46 0.74 0.00 -0.21 -0.52
10 &3 b 1.37 -0.74 0.91 -1.13 0.47 -0.16 -0.64 -0.25
11 3757 1.52 0.60 1.23 -0.67 0.89 -0.06 0.01 -0.42
2 7297 0.91 0.50 1.01 -0.19 0.90 0.26 0.38 -0.37
13 & 1.43 0.28 1.56 -0.07 1.15 0.36 0.25 -0.61
4 Javesx 0.60 -0.20 0.40 -1.03 0.78 -0.18 -0.61 -0.42
ji/iﬁxl»/”’/ﬂﬂgk_g_g" ""“”‘\\wﬂax\\\\\\jigi\\ -0.41 1.04 0.37 -0.05 -0.83
-0.83 0.65 -0.08 072
EARIERE
1- 1-
)
f
e
% season season
— = &
— s 1 [ -
0 - ' ' 1 ] 0 1 1 1 1 1
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Fig.3 A 0o MR L A R Fig. 4 77 4 A0 AR L AR i Hs
Occupancy probability of Japanese White-eye and canopy area Occupancy probability of Japanese Bush Warbler and shrub density

424 WMFEEROER
1) BUbROBFMETEADER (A RLANIL - SRR —FLANILOERER)

FEHETE I BV TCIE, MBI OHEMEBEICL > TERSNLBEHBORBY 1 THREESNL, £ DB
ARSI ET 2 RARE - BABOBERES L OFEEIERENICFEM SN2 & T, FETE MR
FHEDERT AR A TER B 2 G AOER i HEMSRECTE 5, ARFEL T LMMEEREL
(—#%£12130.5), 2O B2 2% BET L2 LT, 2O/ TOEBYEHEHMOIEECX 5720, BELHHE
BICERET 5 Z L B URETH S0 Bl ZIXFig SICHFIZRL/zD, $o 20 LAHMKRFEBISY 4 7 OPlan ATIZHIEE
FEBUX13FE (BRI 7 A 7 A5 128, #4758, WKROEARRE % I & 72 AMK Y £ 7 DPlan BT
(220%E (HRTTBIG & 4 7ANI30E, #RiT=EE Y 4 T7HE) Lo RIS X B RIS AR 4 B ERTERER D b
WAETH B EOHE D S BEIET OEW L HEOIIEIC 2 5 2 L 13F Vs, il BEO M % B REeE o T
W REDPEREBERLLHE L OP, &5V EOREPERT A2 L0 BURTIEED L) Ly Far— 3
SNZL YT FE ARG TG, AT EEHO BIEREICB I 2 —Fp L LT, BEEREOIERERE OZ RS
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Occupancy probability of each specie and number of species predicted by this model for each green space plan

2) EHEBEANDER (> KX —ILLANILOERER)

WAETIE, BT AT EEEEICE ) 2o MAtEEME(L L CB Y, ¥ind 2 2% 5 7)) —
YA VTIANT I FXALT LI AME SO0 H L, )= A VT T OEMD—DTH L EWMSL IO R
ZEHE 2 B 2E, SREIOBTTEONZT Y FAT =T LNV OBREERZ 2B 52 LT, #ligtm~o
WHOWREIC R %0 BREAMRIC LA T, BEOMMBRI IR O BRI Y (hy b7 —21%)
DEETHLE ENTVDEY, SHIE S N2k B O & BRI BRIE R 122 O3 0 B O & HA 7
YU VEFHET A Z LT, AT EEICEE LS AICE ARG T RE DY 7R, kil o THEL R
B BSOSO EE 2 ERNICEHET 2 2 LD HEIC R B,

—flE L CARMOD HILHX % M RIS L7256 % Fig. 61278 L7z. TLRIX TlE, KRGAR &REILEBARNICE
WTHBHBAEOKR X 2 MSHR SN TN E2S, ZoMIC3Eh THEFERLTEBY, Fbhoty N 7—7
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Fig. 6 LRXIZBITHFETY) 7 ORMALET I BT 2 BHA LR T 72 v VEH
(Product © [2019] DigitalGlobe, Inc., a Maxar company)
The potential evaluation as a bird habitat before and after greening a specific area in Koto-ku

43 BEIFNZEOFERY -
Tools for Effective Use of Birds Visiting Green Spaces

CCETRAEMEZHMEAREO L Z L HIIZ L2 AICDOWTRANT & 7255, ZOETIZEWOTHHEIC
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Summary
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