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Abstract

Shanghai witnessed an early development of green roofs (GRs) of great potential but has been focusing on the increase in
construction rather than the management of maintenance, which prevented the effective achievement of ecological benefits in
a GR’s lifecycle. This paper used Google Earth satellite images to interpret the constructed GRs in the central urban area of
Shanghai from 2008 to 2020, conducted statistics on the numbers of new-built GRs and existing ones year by year and district
by district, calculated the growth rate of construction per year and estimated the duration of GRs. Combined with the previous
policies, official data, and practice surveys, problems existing in the construction and maintenance of GRs were analyzed, and
suggestions were put forward for future development. The results showed the non-garden-oriented construction of yearly new-
built GRs in Shanghai, the significant variation of year-to-year growth in new-built amount, the continuous accumulation of
yearly existing GRs, the better situation of GRs in garden type, the differences in the construction and duration of GRs among
the districts (i.e., Jing’an, Huangpu, and Pudong districts constructed more GRs while the GRs in Hongkou district have
presented better duration), as well as the shorter duration of non-garden GRs than the garden GRs. The problems in the con-
struction of GRs in Shanghai are mainly reflected as follows: (1) The type of structure of GRs needs to be optimized; (2) The
policies presenting significant supports need to be further implemented and improved; (3) The experiences of GRs construction
in each district need to be explored and summarized; (4) The duration of non-garden GRs need to be improved. The suggested
strategies are: (1) Policies should guide the direction of GRs development; (2) Technic innovations should develop local GRs
products of lower maintenance; (3) Management should improve the green roof construction and maintenance market.
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Fig. 1 Examples of roof and GR identification
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Fig. 2 Distribution of GR points in Shanghai Central City from 2008 to 2020
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Fig. 3 The annual number of new-built GRs from 2009 to 2020
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Fig. 4 The category proportions of annual new-built GRs from 2009 to 2020
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Fig. 5 The annual GR amounts from 2008 to 2020
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Tab. 2 The annual number of new-built GRs and holdings for the districts in Shanghai central city from 2008 to 2020
P E%?% Y R ?é%ilii J&—?. EhE Fil L] .I‘ilﬁ il
Year Jing'an Huangpu Pudong Xuhui Changning Putuo Baoshan Yangpu Minghang Hongkou
MEE REE FEE REE PEE REE FEE REE FEE RAE FEE RAE FEE REE FEE REE FEE REE VEE REE

2020 33 242 26 133 18 154 15 128 15 129 15 104 13 53 5 38 4 57 3 95
2019 44 212 19 109 36 143 23 117 17 120 12 94 10 40 11 42 17 55 17 92
2018 19 170 22 95 18 116 23 95 16 103 9 85 8 30 7 35 1 40 8 76
2017 34 152 22 73 32 99 15 73 20 87 19 78 7 22 7 29 11 41 22 70
2016 36 120 0 51 9 70 12 58 7 68 10 59 1 15 4 22 9 30 15 48
2015 10 86 6 45 11 63 7 46 13 61 5 52 3 15 6 21 3 21 6 33
2014 14 81 4 39 9 54 10 39 9 48 7 47 2 12 1 15 4 18 5 27
2013 24 69 6 37 3 48 11 30 14 41 12 40 2 10 6 14 6 14 4 22
2012 3 46 0 32 0 47 1 19 3 29 6 28 2 9 0 11 2 8 1 21
2011 0 43 1 32 14 49 0 18 2 26 22 3 8 1 12 0 6 2 21
2010 2 44 5 32 8 35 3 18 24 21 2 5 4 13 1 6 5 20
2009 23 43 24 28 29 10 16 23 23 19 20 3 3 5 10 5 5 7 15
2008 20 4 22 6 0 1 0 7 0 8

Landscape Architecture Academic Journal | 113



RIS | APPLICATION RESEARCH

100
[10.1-3.0
[13.1-6.0
16.1-9.0
E9.1-120
12.1-15.0
I 15.1-18.0
B 18.1-21.0
N 21.1-24.0
. 24.1-27.0
. 27.1-30.0
PXHFIEE N 30.1-330
=0 27
25
21 20
« 20
;\W 16
?E 15
%
B 10 2
15 6
L S PR PE PR P I L iy 2
o Ml Hm B. Hm - B s B H. = =
1 2 3 4 s 6 7 8 9 10 11
FERE/E
A8 159
160
132
& ::2 118
@ 100
3 o o4
m‘é 59
W 3 s
40
% 16 I I
U l
1 2 3

6

3 &7
43 47
a1 3 3923 3
18
iRl
4 5 7 8 9

ESR/E

E8 2020F N XFrEERIFER

Fig. 8 The number of new-built GRs and GR amounts for the districts in 2020

E9 2008F/FRIRHEHT EMERIAIFEHS
Fig. 9 Duration of GRs built-but-disappeared after 2008

215 7Lt
#2008 F 2[RRI T ETHEMSNL
HE123N HETEASERNS . HAdF

14 | @4

10 11 12

u FEERERRL
u EERERRL

RN R
= ZEXENSRL

10

El10 2008FERIRFF—EFERIRFAIFELA

FE M

TR ER98%,

Fig. 10 Duration of GRs built-and-remained after 2008

ESE T RTRG A A B 902%,
G ER S EH123% ; HER 1N
EHERRBHC%. T

=P

oo
[10.1-250
[7125.1~50.0
[150.1-75.0
[ 75.1-100.0
[ 100.1-125.0
B 125.1-150.0
m 150.1-175.0
. 175.1-200.0
. 200.1-225.0
. 225.1-250.0

PRRAE

BIERIEFTR  RERESHE - 11
ERE, PAECHIE, HP6%RESE
71 - 34 WERESESELTY, -0
FRE, BAHHI6E, S0%REERES
B - 3%, FREXIEERNT
RHBE, 8 EERAFIIRBES 073,
X BTGNS R T 25,
720082 FRIRH—EEEHETR
BB 091 ARG I%, H

FHEXA4DN, HAFEERTIRNLCESEN
682%, HIFHERXTDEMS%; HERX
M HEESEM3IS. SHEAL

Em908%, FLHMEI0ATR. Rpiri
ERFEHELHT T3 FNSFE
FHEXBMENH96%, HEXTEH
BEEHT P3O FNEFERER
732%, HEINFRERGF TIFEER.
SN, AR —E B TE N E AR R E
SCEAMNBEAGE GRLRENREXE
A A FFHE E XA E = FY6.3% A0
17%. 2-BAFEMLEAH0000, IERR
KETNGHEIEEEER, NEETRE



EEPOUEKERGHERRFETNAR | B %

Itk / 2023/ 55405/ R A58

HEMENAFENIARL FEEAER.

22 LSRRG LB R RE 4R i : I
it B B |m By
R R BRI T F . g kBl B 1
2 3/22008- 2020 LT IARWRRERS ok RE B g
PR ER. AATAEFRER LA SO B
SHAAREBIRLNT 1 14, B % "
I i =

2.3 bR B 5y KEATIR SR
EEERZ. 0. 2l EWEARSE.
MRBEASFIRERE, NEXENEES
FROTRER, &XBIR. FIP50KE
TEBREZER (R4).

B _EiShhFEHEREIRGLEER
Fig. 11 GR policies in Shanghai over the years

BREZEERLMNT 24, SEHEIEST
Fzl. AENFETRBINSRARINE A
101 AREYE, EHhEERT RS,

3 Ll X BTRELZ IR BRI
DEFBHIESEEERSIFERH

®3 LW FUBIRERSEITR (B 1)

Tab. 3 Statistical of vertical planting construction in Shanghai

P
= 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 ait
Year Total

[N

16 54 41 63 37 7 37 4 77 8 55 46 50 577

Tigrtt

H[EX=

37 25 15 34 11 35 3 39 sl 64 39 47 419
Tkl
iR
34 46 22 25 20 8 40 8 44 54 46 37 18 402
Tkl
x4 LEHRETER
Tab. 4 The practice of different districts in Shanghai central city
X BigfE R KM ‘
ETX Representativeness of GF construction B@IE
District N N Practice measures
BiIRER FEER
A3 TR I S S — ik . 4R
e i . S EPLRIE Gk, 4l
EIN
e - i ARIRE:i I A R AN e R N Gl
Sl A, FFEEE,
1l 4 - R R BT R R AG JR TR AL T L1 55 1
j BOR, ST HA TR,
it %= 7 TR A L B AT T

2014 2015 2018
AN AN N
Xy | Lz 2
FEE |8k w
gﬁEE h & N
BAK k| R &
kv ARk ®
BiEE 7 >3 5

Hho 4T B
£ B 5
B E =
o B =
e
B o= 2
B i
n =
s i

11

HE—FPHREMEFUHRBFITER. BUR
HESZRIEKANE TR, KBRS
MEFRIAR K BIER T ERIEIN, T
BT EIR B

31 BN B KB EMB ARSI
ZREBETGMUF, HERFLESRRALS
g, BECHASIMENESEIEY
E 2R R AR AB R AES. ERZa]
B AR S RIS AL BN HEER
BREMA™Y, ERENIEFGHEY
RREEERGEEA 2XBIR.
2T, EtRmXRTRR LRSI
FOBIAMENME, (BAENIEE, RATGIHE
FKAR, BRABRERY, BB TEE 0%
B AEIRY, MRS
UHEBH TS BEEWHEE TIENHE
B, SRENTRIRAEEREL, B
TR E DB EERERTES, &
HABRTSUBEALEER FERRKER
FUBRBHETEMTEESL A TN, BN
BB R BB KBTS

Landscape Architecture Academic Journal | 115



NIFEEAFS | APPLICATION RESEARCH

BRI

32 KB NEZEREHFH—SRUTE
BN HNBEZLFARHAEE
I BEREIFNS S S RI THEd TERSAA
FEY, #2008, 2012, 2014, 201520184
HE—RFIEBER, mEREM &R 2009,
2013, 0152009EERFREEHWIEN =
2020 37 B B Fo N BRI G L IR 15T
AL HEBSRIIN E RN ETNGR M K Rl
BEZE. BELENEBMEMLERNAS
FEE. flanxTEERIEHENEREZN
BER TR IS RBUR, REH
TR EREBERKA, WEEHAH
SR XESR, RHHIERTTERE T,

33 EXEMFUZIENERBFRARLE

MAXREEFGHTTINEE, SXAHE
MEEERERRA. X—NEHNEE 2
X AR A, EREEUL TS
ENARE. ATREX BIESRE A
KRRAEZ, HRTAHEER. glER
RN #REES R BN,
Bk, TS RBR A Z R I
ETRABXANENZN AR eI AKX
aETRN, DUBERAE, FERRE
B, BFERMENIIERAER. M
BAPEANEXNETRR AR ERE M
FNE RS NBRFLL R BTN
WHRIZIEFRI. HT AP BB H
BG—ER, FEERCRIRE; SN
MERBREFP TIEMKEERIZIRRMER
=, BIGNFTIER SHGT.

34 FEXEMFUGFEHEFRS
EBTWEETRMEMUH, Bid50%H

16 | @4

HEAFLEBEPUEKTE (ZF), =5
TIFEEXFI% AL ; MAENTENE
&, HEANFEHEESTIFKE
X, HBIEHCHUBHNERRL AT
STIFKERN, BfEEd RENERENL
EREERES. SEER FrER7T
SENMAANRZE. AN CEEIERAH
By PHLEMEERRBNIEBKES
BERERN 205 ; ESMTRPERRH
LAEDEPREBEN ~ 0FEY BN
2008-2020F REMRIE, TREZIAERR
FEHNEMENALEEDUSF, REIER
ERNEFEHSEAGFIER .

FEITES, NEZBBTIEARR
REMFFIFTERNTN. RS LET
FUNBEMAETZHES), BfE~mR
BT, mERNEMRUEYERRIA
£ REXBSAE—HABEI I gER
5E SEFEPEEARY. TERBRSH
PRANANDMNEZ, JSEFSHEK,
A 2T, EFRAREKNIFEEREE
HARTERAD, RUMRE, BEZRFHFT
HfmET.

AmELE, BHFRRERBRIL
HIPFRRGIEREFXETNEMAHN—K
LH. EMAKABRFEENIAFTEL
SHATHRPY, MSEIMEERBEK
HURIRET, XMETRFEZRAMBE T
DMRIEREREAE, BRI, REHOEHR
UNIR, AL EANBAFTERE L.
MTRE, sEEKERELEMEHNF
SRR, MER SRS R RE R
RMSIREGHAOE, SRR PEZHET
AETRUHNFFHRARREARZL &2
FEFIPRIRK, IRERERREFSR, 7

4 bl X BTN IR SRR
X LRI, LEMEREN AR
BRSO BEARGFMEETE,

i
BHEMEUESEEH MR TREMRA
BT

=
™

41 B R T B MEE L L RAE

HEEMSUHHAETTTE, BRIRBUIR
SHEERATHEREWHE, EXTH
. AR EAEERENERNBRA
B, BTSSR EIR L
AR BTSN LN EBIR, LU
BINHETSNKIEN, TERIRAKR.
RO PSS K ERES], NSRS
R FI E LA EBR. Ath. BREMH
NI MR E, SXTHNESENHE
RBER - EBNETNZMN, BOTURR
FERREXVHNEMENBIRS T 7E,
WO ISR XS, BEEMEAERT
5. BREEMLTITEN TR EREL
. ®E HNETRRNGLENTEEN
[EIRE, o ETUBRIR RS HLE. BT
FRIPHNY, BRI SATE, BBETR
T EH.

4.2 BT HAR CIRTFA A SR 4477

B ERNETEN R ERRE. B
RGNS M. ESMNRARTHEHN
EmEW-mdinas, hhEsr, NE
HAERFER, BEMARS, HEBHEE
WER. BEEFXENRURESE. &
ZHK, EEIERNEMEMDRZ EBR
HIPRBONATEYDFL. MELENE
ML, QBTG M, MR
ERIARM = RARENRF, FERERSP
PR



LEPUEHKEREURIRARTNAR | Bl £ Eh/ 20235F/540% /5488

43 B ERTETEREMRNEF T
B BN EFHINEELE, #
TRAARIR. &8 EFPIEIERIMHUE,
BEHIRITEMEMEFRE, EXKTFEA
FERRTEE AR E TR RN
RERHRAFTAHERIR. A&
AM=HBFERTHTEE, B8XED
ZAatEl RINERE TR
Ef. SR mRERs, MAET
HOEACE R ENESS, FRIAENER
BSOS, RILESGA TIRREH AR
. FEFFBRIBEHENIFA HIE
HATHRMESHCE, BRI aEER
BHE. AN BUTERIEBRETRNRR
AR £, M RX ETERAGFSH
B—EMBIRER, FEILETFNENR
%, RLEMSFNSFFTEREET, 745
REF.
#: LTB A GIEE ALz,

Bift -
SRR, WXE BAL. TNE SHTHSHEY
ERE L TR R IRR R,

&

[ HRBAE, BEM, B, F KAWL S $iRE
[7]. FE B4k, 2012, 28(04): 40-43.

21 S, FM, RAE, F AT AR M G
BN R I Fe s 2 55 T [Cl/FBAD TR
5305520135 % Fl—— 2013F B TH S A fibin
(). AT P ETH LA R TA, 2013: 5.

B 2% sk, T54R. BB IR SR 2]
RARALFFTT, 2021, 34(06): 14-19.

[ HEk, B3, IR, F AR ) S F T
ISR T WA —— Ll TR E R A
RAXN” G| 8705 EAT). F BEA, 2018, 34(01):
67-72.

(]

(6]

[8]

Ol

[10]

[11]

2]

[13]

[14]

[15]

16]

(17

[18]

[19]

[20]

(21]

[22]

(23]

[24]

A E. ENGNRZA-FREAGNEAR]]. ¥
557K, 2004(04): 16-18.

LEX. TR R[D] b ATtk
Ak Kk, 2008.

MEFE. Ml ARG R K R A ST AR
T BT AR A RAEAATT R 2] B
474K, 2014(10): 28-31.

SRR BEINGNALA S B JE e R KA 5
[D). b ik 38 K, 2019,

BR IR, BHAE5, XA, F LT IRk X BT
GAEFBRTRZALA R[] RF B, 2019,
26(05): 94-98.

T, BT RS EERR G &AL
FEATIR R B FAEHF T—VA LT h K H B[],
¥ E @4k, 2016, 32(08): 18-24.

bk BTG Z AT =AM HA S H R
[I]. w3 At AT 5, 2012, 38(05): 311-313.
HBsk. LET LRGN SE
[]. B4k, 2016(05): 80-83.

FRANET, B %, 3UER. S ERA IR AL
PRI ZAR G E K TH—— AR K )
[7]. - & B4k, 2017, 39(06): 86-90.

%28, FH, MM AT HIVE BB RORATE
LA L5 547(]]. F E @4k, 2015, 31(01):
79-82.

BTG A AR A LT IR
AHA22.0.1(DG/TI08-75-2014,112714—2014)[S]. £
e R K oA, 2014 .

LEET, X\ MG, FHEEIRT RGN AEAE AL
IR KSR [T]. SR EE SR, 2022, 29(01): 222-
224,

Pk, 5K AL A, BARR
1A AAIT). Heep i 57, 2020, 38(08): 32-36.

A2z BB R BTG AR 2 #5F (D] X
#: RAKE, 2014,

FI . LT RIREALA AR AT BT A [ D].
T 20K, 2017,

BER K, FedT, TR H. BB BA AR,
TR BTV B SRR )
[J]. RZ @4k, 2019, 26(01): 82-85.

BErk, Rk WAL T BB m A SE R #
AT BB AJEIREE, 2014(12): 64-69.

Ih RERAEAGOAEERE L AEN]
%A, 2015(06): 38-41.

Fhhth, Z#, G4, F AT EEGREMAK-Z S
B0 BTN LB &3R4 —VAJoy Garden
AFII]. FEBAK, 2019, 35(12): 52-57.

EAfeAd, B, XMEAE, F AR R KA BINAE
WARAREL B R AP )] RALA 52 LUK EW),
2014, 11(03): 7-11.

5] %k, 255 L5 HPEERETFHA]]
Ak 5E R AR, 2013(07): 58-61.

[26] SARAEIAN Z, FARRELL C, WILLIANS N S G.
Green Roofs Sown with an Annual Plant Mix Attain
High Cover and Functional Diversity Regardless of
Irrigation Frequency [J]. Urban Forestry & Urban
Greening, 2022, 73: 127594.

Landscape Architecture Academic Journal | 117



