5538 B 12 1) S &~ £ Eild Vol.38,No.12
2018 4F 6 A ACTA ECOLOGICA SINICA Jun.,2018

DOI: 10.5846/stxb201801300251
R, ZEHE AR JEOOPK, SETTH S P A R T v R AR X 2 ) LRI D7 IR AT S
38(12):

Dong J, Zuo J, Li C, Fan D L, Wu Y J.Research on ecological spatial planning method in high-density area under the urban regeneration vision: a case

VLB TA I3 ST AR S A TR S 191 AR 255441, 2018,

study of a three-dimensional greening plan on Xiamen Island.Acta Ecologica Sinica,2018,38(12) .

WHEENS FEE EHK ES T AR T EHR
—— DU T TA 5 ST MR Al & TR S 191

¥ F A #' F RBLEAKR ZAE’
1 REEREAFERE, KHE 300072

2 REETI TR BT SEBE, KHE 300201

3 BT I AR BT ARE, T 361012

SR ¢ TAOH R T P R ST v 3 M DX A 2 (R ke = A ) S BB 9 R R, DAL 22 T 23 A 1 R TR R 45 T 7 488 41
R TR AL I T ke R SRR S T AR, 2 X0 I i vy 8 DX A A PRS2 A0 R D K - IR R B 29 RS T A A A A ()
P02 (AT AR A 5 I UL T IAS B S WESE 1K, B T GIS (KRS , M FHT v 37 8 SRR 405 5 S s RT3 A 38 1T B0t L) 3T
AT ST AR B RS 25 1) A I8 5 AR AT BT M 2 R A2 W) T A SRS 70 A 3 )2 TIN5 R O AR AL S vk g 32 A 7,
555 MR 73 X 5 SR SR ST SRV I PG 7 1 s R SE DX HEA T 8 TR AR AL SR v 1 Al 25 B i ek R 4, DA e dslzs ]
I AL AT LA X AR A 2 R R AR . SRR . 1) AR A AE i 5e 3 T DRI AL L A LR 55 73 oK ARk
R RSB PR R BUR 2 J TR A ST Al 238, JLA & A3y AR A HESE iy DRSS SRR T oKk i
SMCE TR NSRRI P TR URIREE RS R SRARAC R R U U P G B IEA N 5 2) BT TAR B
2016 4E R THERAL LA 2% , ELIJE T A A SURIR R ) 2 T g A e e g —2 Rl 3t 7l el A DA 2 [l A ik
18 TR AAT BRI i 23 1) RERAL B 2 TG IR P AT 81.3% 388 FLHEA T R THUARAL 3 3) HR3R 1o 5 FEE Il DX A4 28525 11 I 2% A1 Jm 14 A0 D
ERAVRE L, F— LIl 5B AL GIS SRR, 221 B #28 mi vk BE T & 5 i Fe R 3R 5 | A2 Rl i A 25 R 9 3 [ L, g el J2
A IRERY LSS MM AL I 52T 85

SRR TP A s R IR AR AR A R TR AL 5 T 0 1Al

Research on ecological spatial planning method in high-density area under the
urban regeneration vision: a case study of a three-dimensional greening plan on

Xiamen Island

DONG Jing', ZUO Jin"*, LI Chen®, FAN Dalin’, WU Yuanjun’
1 School of Architecture, Tianjin University, Tianjin 300072, China

2 Tianjin Urban Planning & Design Institute, Tianjin 300201, China

3 Xiamen Urban Planning & Design Institute , Xiamen 361012, China

Abstract: High-density areas are facing the problems of a lack of eco-space and fragmented layouts due to rapid
urbanization. This study, in analyzing the main issues in the planning domain, proposes that roof greening as a
complementation can be integrated into urban green systems, and aims to construct an eco-space network in a high-density

city area with a deteriorated ecological environment and shortage of land resources. The present study uses Xiamen Island as
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the research area, and utilizes geographic information system ( GIS) and remote sensing technology to establish the status of
the area and plan the space database by using remote sensing data, field surveys, questionnaires, departmental data, and
planning texts. From the three aspects of existing research combing, comprehensive benefits, and urban development appeal
analysis, this study summarized the impact factors of roof greening implementation potential, integrated planning divisions,
and building classifications to establish a method of assessing implementation potential ; we assessed the potential of roof
greening implementation in the study area, and achieved eco-space network planning combined with urban green-space
systems by taking “global space, key areas, and multidimensional networks” into consideration. The results indicated that
1) ecological structure, urban function optimization, public service demand, environmental improvement demand,
architectural characteristics, and architectural property ownership as the evaluation elements of potential for roof greening
implementation , including the urban ecological framework , urban functional structure, landscape upgrade demand, building
renovation demand, urban internality degree, heat island intensity, microclimate environment, building height, building
age, building type, and architectural property attributes as key evaluation factors. 2) In 2016, the roof greening rate of
buildings on Xiamen Island was only 2%, with more than half attached to residential buildings and urban villages.
Commercial, public, and industrial buildings have a lot of potential space for roof greening, and among the remaining
buildings, 81.3% are suitable for roof greening. 3) The first step of the study was to explore the method of planning the eco-
space network in the high-density urban area. Next, with the help of artificial intelligence ( Al) and GIS, we aimed to build
a research method for optimizing an eco-space network with multiple functions, in order to prevent the urban environmental

damage and ecological disaster caused by high-intensity development and high-risk agglomeration.

Key Words: urban regeneration; urban high-density area; ecological space; roof greening; potential assessment
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Fig.1 Green space statistics of Xiamen Island street in 2016

&, iz FH M35 BB AR R 58 X0 2 TAE 1 MR TR A B s 2 A T e 1, I3l o S b s i | 1) 465 00 A ( DA 38y
BT ) TR ROR RSy B E SE R, BT GIS S & a7 B 23 18] B UE I A0S PR R T 4 Ak a3 A L
P BURAF B R TS U . e T IR B AR R (2011—2020 4F) ) VB X T8 HELIX 5 ) K
A S R0 B A Sl s Ta) R — e W T ) BT i bty 3R e XA s B e 4 400 2 ) BT )l vl i Bl A bl +
SRR TSR A LA TR A5 R SCAS X R 7S TR E A
2.2 R

B Xl S s FH b T U At A v A A TR DA R R TR, v 288 0k DX A 2 s (R R AF 5% s, R E 1
WA B, AT AR | B | TR 18] A S B B A2 R Rk GIS 2 ARG e LR 2 (] B 1 5 DAIR
TSV | St b 32 G0 KA A AR DGR Sy Lm0 25 Tl 00 s A2 DAAEDR 5T BUR (206 88048 52 i SOk T
JEVRR BT AL I, 2z T Sf A S5 PR 7, 2555 B3 43 DXORITE 57043 2 WA 2 Tl S 2 T Ak St v )
VEAG 77k R X HEA TSR T8 77 VAR ; I LA SLTEAR 25 S Al , 45 & AR 25 [ 8kdis , DA« e dlias 1a]  E S A
X YL S 7 vk S IR TRER AR | 5 5 bl 22 S0 3 ) g i e 2 3 98 DX 2 282 R I 4% iy, o Jm kAT 2
B DI BE Y A 25 25 (1] I 28 413 Jmy L Ak AR AR R it 2 i) 4
221 #S[E) AR

(1) BUR R TR A2 [ HE . 25 T2 A 30 4 A SR B4R B 23 AL 0 P 5 B g 408k pry i >4, A
WF9E R ANLZE B B R BUR Tk AL i 5 A B . DAl e 1 FE - 1 (81 A SRS R IS IR
SR FEREE R TR A BB B AR X R R AR A0 R AR B G A T BT A b, A B R TR g fh 25 ] 42
IR0 AR s 45 Bl () 5 R A D042 | S b T 46 1 S S 5 AR

(2) BRAR R A7 B UL . DA A R P | BROIR b 181 565 SRy i B i, iz ) GIS B Wi 3L = o A7 i 25 [
TN TR L PR B AT B K PH AR SERRR A T S 3 2 Tt S50 J2 T 45 AN 3 B A= T g Ak 9 S22 T %5 [ 5 7E 1k
SLml b MBR O A R IRERA R 23 (8], 7328 43 J2 0 =2 TOUAF et e U A5 I

(3) BRI 2 ] GE U8 ZR e ) 422 « BRI DO T AR K] 30 i ¢ b 22 29 10 X0) S5 A SRR, 48545 3 il B i 1
H 3T 0 3039 00 [ 252 A Sk i 1 e 18 il o o DX, P 2 T AR I R A 4B N 7, S ek R S
SRS (R B B AN BN R e R 2 (R 454
2.2.2  JRTAGACSLHERE 1T Tk

(1) MR T

SR T & R DIRE | A ARG H A = ToU 9 5 A B AR PR S R A S B R BUR A R A i IR

http ; //www.ecologica.cn



12 1] TS WO AT v R X A A s [ R DT I A 5

HETTRE 0 B0 S0, PR, Ny — 5 Rh A AR TS T R DX 11 JoE TR A St 5 Tl R -k R 1) MR
JHEEBER . AW NBEA BT REE 255 2% 5 520 I & R URR AT 3 AR A TR 23R 40 AERE A BF
FURELZ T, B 2 TR AL B AR 525 BUAE ) J2 Tk Ak 7= S TR 115 52 AR AR A A, 1T DA — R Pk A e
G )2 LA R T B HEZK PRI BRI 2207 T B MERR > | R LB 5 R Fh e 45 4 R s S I B
ZERNE A S S 2 P 2N DA 25 B TR L5 A R0 AR 5 ) 2 T, A R TRk A A 1 2 S oh 3D 37% 1) R
PERR 21 9% f¥) S0 R 490 J3E 207 5 AS [ Jo2 T 2 £ 245 0 W 0 2D 609%—100% 22 ThT R 7K A2 37 5 2 400 30 4 R 2
ASCCUE T H #7582 10, 26 i b IX S AL 78 35 R I8 5] 239% 0, - 20 (H IRl 32°C , B 10% 44 78 36 5%, 1 (E
Wl R 29°C Y FEIRT K JREVRSR IZ T SR TRARAL AR AR R TIT D A8 1 28 2L IR 55 75 SR A5 T R HE RRUAE
L5 3 AN ZHEM T S % TG IR T 7 RSB RN, 45 G R0 o X5 fE AR 43 S 7 SR THU AR Ak S it 7
NEGETAR (R

®1 EMFRUZEENTEER

Table 1 Roof stock resources greening potential assessment system

WA WASHT iR B H;

Impact factor Assessment factor  Evaluation criteria Reference

F) 43 DX )2 T AL GEE T A TS RER AR AT RS R
Planning division Wl OIRetAL AT REA WEATA EAA KA WILKINSON 4¢3

Wios F e i 2
ARETR  SURIR BETREN BEEES

st
IEFMIEFRR EIH/ANX Tl SR A e
FEUGERSR T R PR XA e
Sl R By i AR U XA AR
PRI T R AR XA

MR H BE AL E AR SR
SRBFEFMLMIES %, M.( Lk

HEGUIRIZE I R TR L (A7) ) L (O

Building classification ALSURIERAE LS 12 /238 40m BAT 955 Tl R 5 1 % 9 5 AR
Y 50T ¢ T e 2 o
LA TAER B ) 5
AR 20 4 LA BB S oo
e N R T T T
BHPAUAE  RHAURE M SERTARSE T
(2) SEHE T 1A

WA 5 ) PR AR ST VPN R XPIFSE XA T AU A BT, 1 SR A BRI 40 X 5 R 5 BOBR s TR 4
i, 500 S A8 SFUIAR T BEAS A S AR A DX 3R B A DX AT T TR 0 2 N SR IR 55 ELA P B T SR 1 X
LXK, HA Sy — X LR B AR 2 AR S B R ARAE P RUR R R O 1—6 J2 A Bk 7l
PRI A IEZ W 1—6 2 SEAE 2l HABESA A 7—12 283 Bl el R R R4y o a2, Hop
AT SR AR SR A3 A IS 2 s S5 J5 B 8 0 B (L 2 B 30) JE D) 4 T St Jo= T Ak SR s, SRR AR F s R T 4
K43 XALEE K0 XN — i T2 3 o o 2 S B 1.3 .5 AR, K 4328 MR | i 20 780 16 20 I 2 .46 A AL
PRI TE AT, BT AU 3 AR S 6 AR R K AR (B O — 28 B i 4 — 41 (30)
Z%(18.20) =2 (10 . 12) MU (2 .4.6) (£ 2),
2.1.3 @ EWRIXE LR A R

FELEA TIPS RO JERE L KB 9 IX R 43 AN ) S 2 DX 3R, 32 10 22 vk 40 IX 202510 & R H b, Il s X
L FFE 5 SR 5 LA A BRI 2 4 ) AR DA R R R A A 3K 25 i TR A S B AR B , 45 B A B ek Ak BLA
BT RE R AAAR S IR ST A S U, 43 7 S B0 (AT BCit SR A ) ) IR R R e B T o

http ; //www.ecologica.cn



6 S % 38 &

TR R SR i 22 S AL R Tk AL S

®2 EMFLZEEN S RNEE

Table 2 Roof stock resources greening potential grading trade-off value

W 11539 Potential grading A X Key area(5) X Important area(3) — Bt IX. General area(1)
5352 High fitness(6) —4%(30) —44(18) P2 (6)
%2 Middle fitness (4) —8(20) =40(12) PG (4)
fi3E 2 Low fitmess(2) =2(10) PUg(6) MOZ%(2)

2.3 PR (K 2)

1 1
L | REAeKEG | | FRLAER WA (U R | | RGO | |
: | | | | :
: L :
1 L 1

1
i R I 25 AR P _L :
: ST A :
; W MR |
i M 1
— L |
L mREms s PR E TR PR PR SR i
‘\ [ | ,ll
. SRR PR A
: A KA GURNERHE. SRS | |
: MBA R AL HADREOA | |
; G :
l :
i TR AL ST ) WA |
! \ i
:[ MR N i
Dl e G S :
- :
! 1
i R K BT R ;
H 1
i LA ; |
Ll b A% ;
: - :
| T B X B TR AL 25 i
\\ ----------------------------------------------------------------------------------------- ’,I

B2 HARBEEE

Fig.2 Technology roadmap

3 ERAW

3.1 WREE XA R IE AT
311 BT SRR

{65 B GIS HEARXS R TAF AT e, 5 A3 W [ 117 3 2 TOUAF dk 9 VAL A 2546.95 T m* (JEVBH X 1208
510 m® LK 1338.44 77 m®) , 249 5 A S ALY 17.9% . MWESHIIRERE e d A Mo B, 2070 1204.73
T om? R Bl ARG =2 1100.15 5 m?, 5 R TAE R M0 43.2% ; NS s kA,
1—6 JZAFUR RS, AR 1754.21 7 m®, (F BT R 68.9% (K 3) , l UL WA & B AR b BA #5K
25 [, AEUEA TR AL Z AT, A N T 25 BRANE B A T T AR Ab 1 2= T0UA 7 2 WU, 2t Ab BUS Se3T h

http ; //www.ecologica.cn



12 1] TS WO AT v R X A A s [ R DT I A 7

5 B R TR AL 0 77 B R B 2070.94 77 m?(ELIX 1031.30 7 m® 1 HLIX 1039.64 J1 m*) , 24 5 & T g
T 81.3% , 24 A i B AL 14.6%

AR mElk s A e L sl 0 Y

WL X A

X -

0 100 200 300 400 500 600 700
HiFIh B> &M Classified area of building function/hm?

5 1—62HH n T—12 255
= 3—I8EEH 0 18R EE
R R R R R R R
X
|
SRR R

B X

0 100 200 300 400 500 600 700 800 900 1000 1100
BRI 4> MR Classified area of building height/hm?

3 2016 EENABEMEERESIT

Fig.3 Roof stock resource statistics of Xiamen Island in 2016

3.1.2  JRTngkAbzs A PR

FIFHRE R | )G BB V8 S IR0 55 7k RO 9 X IR TR g A Bl , e T8 SRR W 1)
AL 2016 F RS AIL 54 7 m?, b7 SR TR 29% , AT R ARG A TH AR B3k 2492.95 77 m?,
AERAZS AW ST A T2 08 . I SMARZS [ 50 AR, B TRER AL S A T AN 5, B AR 1 vh K R )8
K BT T IR PR e A 2 SRR 45 X AR U XA X, R b R R TR AR bt D s AT IBZS [R] 43 R
F X ) R T ARk i T L X, AR ZY 30 U7 m?, Hoh R TR A0 i dpe i 12 SE AT AT, 0 10.06 7 m?,
AL R TERAL SR 1Y 18.6% = Ak Ak & fAIRAY 2 s 16 , 0 0.69 1 m’, W HL X By = Tk A 1T FR Y 24 7
m’ , Ho i R A i de i, R 6.57 1 m?, 4 11 2 TR AR s AHXTHRAIG, b 3.49 7 m® (B 4) s WETH
SALRRDRE | MR T— 2R JE g ST A A 2 AR Al i K Rt BB TR i AL — 2, oy b i
JR TR SRR B M R0 M 5 1A FH H SR 15 2 B IR X, el 7l S LA B AR =R T g A
K SRR B — 1 RET MR B IR R R B SRR, AR R A (R AR AT )R TR A A K & s (]
DL i
3.2 WS IX AR A
321 Bk R

(1) VEEIVPAS , ol o 5 St X

FRAE b — 15 FE R0 43 DX 5 BSR40 S0 2 s i PR S 25 S P PAN IR R JE TR 5 R T4 Ak R A1) 4 IX
W R AR Iy FEA A ASAE SR DX R 43 A T a5 DX LA PR A 5 oK (R G ™ i DX B s i Xy %
EEBEXA) BRI R (WML T ol  BRT w20 4R 4 B SOULLRR ) DL R 3k i S RE Ak (
TR 0 2 FE BT RE R X R F T ) 8 X R 43 EE X, At T Xk — e X (& 5) 5 AR A AR
P 8 PR A DL A T B S0 2 A SRR W B 1A 5 R T Ak el 28 Pl 28 IS 28 AN I8 2543 5o 665.

http ; //www.ecologica.cn



38 &

Z

SlifiE
TLkHE
W HLAIE
R ilifiE
RIS
FERTHIE
A
B HE
TEA S
B E
IR
FnHiE
FIEIE

JE I 1A #5738 Xiamen Island street

0  2000m
I EEIE

I ) X AT
T fm X 3

4 6 8

i R TSR T AR

Roof green area of street/m?

B4 2016 FEITABIKBEMSEML
Fig.4 Roof greening status of Xiamen Island in 2016

55.1116.6.288.79 .476.01 J7 m* , o [ B A S IG5 BL 43.8% (161 6) 3 BE TS /025 SRR 3 X i &
I ARy — T = DUk Ak R TR A4 5 K 105.91,367.84 .387.08 (1210.11 J7 m?, (5 Fb 20 91K 5.19% .17.
8% 18.7% .58.4% , FLrpvitf HLIX — 2R s Ab )= T i AR BH . 22 F LB X, Ry 80.26 7 m®, (5 — 4 Ak J= T i FX
1) 75.8% , LI R G TR W) B BT I — | AL R T AR v, Herh — JUR TR AR

37.44 J7 w’ 5 —RELR TR Y 35.4% , R etk i ALk 98.37 J1 m?, 5 g ek )= T B AL

26.7% (K 7)

nnnnn

= RARALE X
= R R X
0 2000m L BIRGAL—EIX 0  2000m

Bs5 ENABEMELALSR

Fig.5 Planning division of roof greening in Xiamen Island

http ; //www.ecologica.cn

o SRR
= S A R T

= RIS R T
= NESRAKETR

Be6 EBEIARBEMSNEFSE

Fig.6 Building classification of roof greening in Xiamen Island



12 1] TS WO AT v R X A A s [ R DT I A 9

I
(A m—%
M ® Y

=%
(T m Pg g

; BITAE
; - LRT Sttt

> =R -
0 2000m - = SHELRT A
YR ExAL R TR EHE

JE 1A B 44578 Xiamen Island street

T

L . .
0 100 200 300
NRFABTE IR Grading green roof area/ Jjm?

B7 BIABEMSNZES R

Fig.7 General gradation statistics of roof greening in Xiamen Island

(2) fhr e i, M 2o 2 1R 25 I 4%

TEHEAR B SR M R GE (MR SR R GRS T ARAT R T AT SR S BT U S P ) S AR AR 2RI, 2%
SR AL AR AN L —— T | L —— W3 K P ——ZR P AR L —— 5 S i ——h il 2 bl —7
5 = 2 F A A EIE , N = 4k 1045 18] £ 32 B 56 i 1 — Ak St b B | b S8 58 3 ST AR A 5 Jiy TR H 25 & A
By 200E R GT 8 3 R IO A DN = AR 1 AR B0 AL SR0E T 2k A A A5 PRE R P S A 50 O 5 R g Al

—b KBAESSL  HALRLEKX
- SOF SRR BHHARGIR; A L—h AR
(CEBREHT)  —EGW—IRL—E L —E
G — WK E—R S A E—R
B A SRR
JUB  SCAEARGE  HELW—TEE. HA L—sil—
(BABESS) B AEL—AG RKRL—R
B WEKE—F I T
B AHE L—% e
%% BEWSAEAKE SI5—Bi—mER—E. ER
(BERENT) W EHH T WEIE—
B R
I — KT B
ZH  BESHEARK HEGH K. SUSEIK. BT X,
(AR KE)  KEH—ERA K TLHK &
BERA X WELL K. ME
FRAEK. WEEZTEK. $il
n HX. BERX
e 2K BERSAEENE HHNEG. REEL. EHL.
(BB SRI)  REB L KES S TR O
SREHL SMIRT 5y Ji3KH

-

s : -

-~
ERRL Yoy

A sk

AR AEASIR N S N
S T R 5
- AR AL X v

0 2000m N === R TR AR A T A B

T CO R AL TS A

8 EIARBMEETHEEN

Fig.8 Three-dimensional ecological network structure of Xiamen Island

http ; //www.ecologica.cn



10 A E = 38 G

SR XS = YA S B A T T b AR B« — DU B 2R 2 i 2057 ST IR AL S M 450 (R 8)
332 #EiRl

B [ AMIF I B , 23T R TR AL 3RaK 6% , nl P2 AR BB AR A 0 L DL AR HE B 2 2 T Ak BTl
B R AR, X 45 A FR 43 DX 5 S SR8 T PTA 45 5 B R b 22 5 Ak 40 v S 31 5L A S A A7, DS
it AR R TR AL R | B B A5 O T 4 AN R iR e 5 1 2R . H 0 X XA 7 s o e St e i
F851, — M X IR T S R BOR MG FESr KR 5| B SE Ak L e B T AL i 1 1 2 2 3 ) e LA 45
vl ke ARG 2 SR P A R S R P U A R TR AL =, AR R RUE M S TIRE PR K
YAV ER R AEAIR)Z AT 2 s | 3, it T RO AR 5 A St 51 6 S0 I 7 e A 3R TR FH A
bl 20 AR TG , AXHAMT R AR 5 A S 51 2 TR P R bp =t Ttk

4 ZEr5ii

41 #5i5

T X 388 T vy 25 2 DX A S P A2 400 ™ i o T AW i 553 1 RT3 LA B T ] s 1 G R e T s 1 A2 A S
[EXE LA R 0 BR300t P A B ) SR o2 R A s () B I, DAty 22 52 hy Bl 1A 2 28 5 ) 0] s AR
Rl 5r X (AR 5EE W Re il A LRSS T oK IR BEEGE TR R ) 5 28 (R E R MR
G RURE ) PIA™JZ TGS (5 285 R 3 DX 2 IO SR Ak St v 7 PAl A4 R A B 3l it A= S AE 2R IR T D g 45
P O T R S R OR BT AR BT R SR IR R S e AR A |
A AU PR R TRk S ) SRR VAN R T, AR IS PEAT Ar o 55 TPA PR 7 2 57 o 2 3 00 X2 T Ak 512 i
TSR AEIE T IA S BRI SR R, GEiH A5 2016 4E B TAS B R TR AL RAE 2% , H IS T
BUM A 9 2 T Ak Bl i S 121 Rl 2 3 7l SRR S 2 (R 3R A7 J Tk A A 9 Kk e =3
[E1] 5 X T A% 2 TR AT AL SR s F1 VTN, 47 81.3% 38 Bk A7 )@ kA, Horp— 2% — Gt AL R 04301 o
FE 5.1% (17.8% ; 45 G 3R T SRR S b 2R e FLR SRR DGR, DA Adelizs ] LS R X 2 4E 28 S A Jmy Oy
W R AE RS B AR 5 DM by T RR 2 7 SRR ) AR B AR 5 A= A8 28 R, 456 A BT R
58 WA I A A A [ AR, 5 Sk R G AL R AR B < — D RO BE 2R 2 7 £ B ST AR
He S LR BEHE | Dby J 80 R T v 35 0 DX A A8 s B M | A FE IR 55 S5 255 IR 55 DI RE i A 28 23 ] I 24
A HRAI 2 B R SE Al
42 e
421 WRER

(1) 5t 1) {0 AR BT IX R T Ak B BRI A 70k B s 3R B S N T AR BOSE gt 1, & BLalie i+ 3L A
Bl R AR L Ik bl (KBRS B 58 A N RE A BB A= = 22Kk . A T LA AL R B, B 5t SR FHAWLAS B B
PR T 0T S T AL A THE I, 28 Al A% S HR B B 71 DA B T 3k B R AR P 280K (B2 BRI
KFAGKERE G LA AEAD N B8 =00 B A 52, P 3R AR AR BOR 4 DR 2 U2 A8 0, AR v 2 T
GACAUE R MBS it 5%

(2) BFFEJE 705 < TR IR T o 285 B8 e SR B | A A BRI R ™ UR 119 e Jre a3, s J2 T gt A R R A 5 81 3 T
FRGFR DL BT AR A0 AT AR AR T R A A AR FR v I g SR 1 | Sl IR it R A )
STt 5 PR R S R (BRI 2R X)) RSt P 3 ( R T _E SR LS A R SR K R B AR LR
A3 A B S A T B [B] S A R 2 B X A AR (B R R A U AR . T R AL R & R L
B 2 BB T 3T e SR K, A5 5 R0 43 DX 5 S B A3 20 JR 35 T 8 4 I X2 TOU e A S it v 0 I A, 2
PREERLIN AT Jry G 38 5 T S it 7 Ml ) BEAS T2
4.22 JESR

R TSI P X AR AR S (RN 2R B A I e o R LS AR 5T B (1 % R kDX A 2 2 (] ) 2 R R )

http ; //www.ecologica.cn



12 1] TS WO AT v R X A A s [ R DT I A 11

Ry s ) HeAly 76 S5 [ N AN BUR A L BT IR 554 TETRR AR AR AN (W) B SR 2 B IRk xE A SR il
55 R A A 23 R HEA T 4328, 060 H i A= A 25 (R 97 ksl AN LR S5 T RB I L A2 Rl 32 AT HER
DA 356 (4 S ) DR 7 SR 4 B 28, o JBE 1D A 59 A 252 ) (o o 4 )ﬁﬁ%ﬂ%ﬁ‘ﬁﬁ'ﬁcﬂ: A IA R s
|ﬁjﬁ§ﬁ$()§1ﬁ?’ﬁf )38 GIS BEARXS A A 0] (SLARYERE ) A1 R w20 T S AT AR A a5 PPl S B A A Jy

o ITFAERIN S B P X A 5 A TR L , 18820 T 3 T v 2 R IR X A 2525 100 X 45 A ey A8 A 1 5 g [
%M\%am

(1) 7o 28 P8 IR DX 4 285258 () X 28 0 2840 ( T 4 )

S22 (R PR DG KA FRAE (GB50413—2007) ) ((AbatHO i 5E R 2GBEE T (E 40 ) LRI 4922y | H
AR 7 ¢ e 55 TR T o LRI 38 ) A5 XA 22 [ skl b O TR AR IR 45 AR R, D AR AR A Tl i A HE IR 55 1)
REXT LR 55248 RGN R BRI 45 & (T 2R M o3 2 bR ifE ) ( CJI/T85—2002 ) Xif A 2523 [1] ( b 1fiy 4 ) ik
F34325 4R IR S5 RE 1K/ XA MU AT I8 1E , B ST AR A s [l A3 2R 22 e 28 Ik IX 4k s 2R 8
R T GIS SEHny N B GEiH e 1 23 (8] 4341 Ry s [R1EHE B A, 2 T AT R, B 5 AN [R] 288 A0 AR 2823 (] 14 B K
WEXE (AR A B 2 R S A M ) A SRR S DIRE (T aA M A MR IR X R i B R AT
G3HT, A AR 2SS (Rl 4% (M4 ) AR SR Ak 25 O &

(2) o % P I DX A 2852 ] R 28 S e A Jsy (ST AR )

454 HETIAESE R, P ERUE 252 1R I 45 ( S et (R A= A5 4 23 [l 120 ) DL R AR S e 2 (AR ZS Rl 4l
BRI X A A 4 3 5 I R, S A SR T IR R, A RS MG R &
(M TAEFE ) DL 2 T A= 2852 (1] O 28 FLRTE )0 A 25 4 (STARAEBE ) 25 () A SRy W) 20 7 58, e T e WL AR 282 B
He- g - HE  E H GIS #AR, DL B 52w R 1A PEAG 2L 2R, 40 AT v 2 3 3 DX A 285 0 I8 2 [) A Jmy 40 25
T 5 B A 785 0 4% 32 42 i S5 1 O, R 2 300 DX A 285 R T - 25 - S BRI ol 1 2 265 TR 4% ) 5 A 5 [
KR BEAT VAR U AR AR R %

(3) HARBEL (1 9)

HFEE itk TF 5 X A 2555 1R R R0 7 J) 2 Al

[ | I

) [ |

PNEE:S el Pigid AN (M 4ERE) BN (RIRYEE)
[ |

(FB%EE%W]E? BRI Joy A Bk W*?

LR, RIS

{ASEIR SR T Wik 0K R %/J\-%%[ s A ]
DAL B B AT A K
\r@mux% R R y

WE 56 IX A 2552 1R B0 42 0 40 (ol e 44 )
I

4 AR R T )

A RGeS MRy | ( GISHA:
RE A E-ofRE R B*&ﬁ : L éﬁﬁﬁﬁ;ﬁ

ASTER B R FOWIER |
\iﬁﬁ R LR R /j

MRXESE MBRRAR QLAE%ER

9 HARELE
Fig.9 Technology roadmap

http ; //www.ecologica.cn



12

S % 38 &

2% 3L HR ( References)

[9]

[10]
[11]

[12]

[22
[23
[24
[25

o

[26]

[27]

[28]

[29]

[30]
[31]

SRR, BRI A R TP EE 5 LRI X TR A= ), 2010, (6) @ 10-21.

TR R, ATIRVE. IR AR A MR A PP SRS R AL, FEASAER, 2016, 36(21) : 6969-6984.

XNEEGE , 2205, b BT 4 b R GE R A5 X 5% 5R. T A, 2002, 26(2) . 76-80.

TR, FLEAE, SREOL. AT T A M 5 AP HEPEMY. A5 S43R, 2008, 28(7) : 3375-3383.

WAETR, ARGEN], ZEREAR. U RTIRTTAN B Ak ath 7 RER: T REAT RIS, I BE AR, 2007, (7) : 23-29.

TG, AL FET GIS WS R F0 R 28 A vk i B 1T A B A 28 48 4R A RS2 3R , 2005, 29( 1)+ 144-152.

M A, 20 SRR . v T St R A Rl R AR S —— LA 12k B A . LB AR, 2017, 33(7) @ 97-102.

Karteris M, Theodoridou I, Mallinis G, Tsiros E, Karteris A. Towards a green sustainable strategy for mediterranean cities ; assessing the benefits of

large-scale green roofs implementation in Thessaloniki, Northern Greece, using environmental modelling, GIS and very high spatial resolution
remote sensing data. Renewable and Sustainable Energy Reviews, 2016, 58 510-525.

Liu W, Chen W P, Peng C. Assessing the effectiveness of green infrastructures on urban flooding reduction: a community scale study. Ecological
Modelling, 2014, 291 6-14.

Rowe D B. Green roofs as a means of pollution abatement. Environmental Pollution, 2011, 159(8/9) . 2100-2110.

Williams N S G, Rayner J P, Raynor K J. Green roofs for a wide brown land: opportunities and barriers for rooftop greening in Australia. Urban
Forestry & Urban Greening, 2010, 9(3) . 245-251.

Vijayaraghavan K. Green roofs: a critical review on the role of components, benefits, limitations and trends. Renewable and Sustainable Energy
Reviews, 2016, 57 740-752.

Wilkinson S J, Reed R. Green roof retrofit potential in the central business district. Property Management, 2009, 27(5) ; 284-301.

HRRAR, 2 SH, B M. T Tt A W DS 0 VAl % Al SR A3 A —— LA RSN T A R DO . A S 2l 2012, 32(15)
4852-4860.

TR, WEZ, R, TR, TA0T. BT @R b A R pi . JuoriE 2, 2016, (2) : 85-88.

T, B BE TS L) R R AR A AR G ALK B S USRS 1. KU B AR, 2014, (5) + 103-106.

ARG, MIREE . 3T R DU LRI B 5 —— LA st ). b R A, 2015, 31(11) : 22-26.

PREIET, FESE, XUTEIR. Xobime o L A I iy St 28 G ML) oo SIS A B0 A e B RE 5 —— AR 1. ) 4R Bl bk, 2017, 39(6) : 86-90.

BRI, H AR WA RGN R YR R BRI, 2012, 28(3) : 46-49, 54-54.
Tian Y H, Jim C Y, Wang H Q. Assessing the landscape and ecological quality of urban green spaces in a compact city. Landscape and Urban
Planning, 2014, 121; 97-108.
PR, AR, 24k, WG, FBAE. AT SRR AL AR Jr 15 30T Ak St 25 28 55 B R K F-1 56 R —— LA U I X D 1], AR 25244,
2012, 32(9) : 2659-2669.
P O =S = <] LGP RN T TR L. TR AT, 2013, (3) : 106-112.
R, R . BOA S S J R, 2014, (4) . 153-156.

FT, AL, M. BT IS SRR SR T R Ak PR A A S . I BE AR, 2015, 31(1) : 79-82.
BEINAT, FUDAE, PRIER. A aaR TG AL 7 T 2 57 b i B FH—— LA b 3 I X oH A K R TR Ak 0. B, 2015, 31(11);
9-12.

Tan P Y, Sia A. A pilot green roof research project in Singapore //Kiers H, Velazquez L, eds. Proceedings of Third Annual Greening Rooftops for
Sustainable Communities Conference. Toronto; The Cardinal Group, 2005; 1-13.

Denardo J C, Jarrett A R, Manbeck H B, Beattie D J, Berghage R D. Stormwater mitigation and surface temperature reduction by green roofs.
Transactions of the ASAE, 2005, 48(4) : 1491-1496.

Kenton R, Anne J, Christopher N. Green benefits in Victoria business improvement district. http://www.treeconomics.co.uk/wp-content/uploads/
VBID.I-Tree2.pdf.

VRBER, A0, BRiE, FhER, B, BT LR D) )y R R A AP B A R T —— g R Al UK R G T
s 5 8%, pEEM, 2018, 34(1) . 67-72.

FANR. BTigkfh. R Arh R A, 2007.

PR, H R, BHER. HT RS BE T 1A Bl Sk s 18] 43 A A BRI PEAY. TR bR, 2010, 26(9) @ 15-19.

http ; //www.ecologica.cn



