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Abstract: The urban heat island (UHI) effect poses a significant threat to human health, and together with the continuously
developing central urban environment towards high-density and high-intensity, brings new challenges and demands to the
construction of green infrastructure and healthy development of cities. Green roofs, which do not take up additional
construction land, have become one of the most important strategic measures to improve the urban thermal environment. In
response to the low correlation between current roof greening cooling simulation and actual planning and construction
processes, as well as the lack of in-depth analysis of cooling characteristics, based on three decisive influencing factors
construction scale, construction sequence, and construction type, a method transformation has been achieved from
constructing ideal scenarios for roof greening cooling effects based on abstract experimental thinking to constructing actual
scenarios based on planning and construction decision-making perspectives. The quantitative characteristics of the cooling
effect of green roofs in high-density urban neighborhoods in different scenarios were examined from the whole to the local
using ENVI-met. The results show that; (1) the cooling intensity of green roofs increases linearly with the increase of
construction scale, and the cooling effect of green roofs in the same scale of podium construction is much higher than that of
public and commercial buildings. (2) Green roofs built in more urgent area of thermal environment improving can be local
cooling, but from the overall point did not get a higher cooling benefit; when the new roof greening location is similar, the
growth of cooling effect can be slowed (3) At the same height, The cooling intensity of green roofs on localized plots shows
an exponential decay as the distance from the green roof boundary increases; with the increase in the cooling intensity of the
green roof with the distance from the green roof boundary. The decay rate of cooling intensity parallel to the wind direction is
significantly slower than that perpendicular to the wind direction; (4) The average cooling intensity of intensive green roofs
in the study area grid is 4.69 times higher than that of rough green roofs, which is more cost-effective in terms of cooling
compared to its price. Based on the simulation results above, targeted planning strategies are proposed, providing a scientific
basis for the construction practice of green roofs in high—density neighborhoods, in order to improve the thermal environment
of high-density neighborhoods, promote the health and well-being of urban residents and the healthy transformation of high-

density cities.
Key Words; human health ; high-density urban neighborhoods; green roofs; cooling effects; multi-scenarios simulation
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Fig.1 Location and the planning scheme of the study area

http ; //www.ecologica.cn



24 14 TR A5 T 2 SR 07 USRI AR dul v v s P2 1 DX T ot Al ol 80 0 S AF 5 11149

T, FFOOH X 2 A A, ELAE R 0T3R4 AR A R s B AR A 0 o B B B T A XY
B HBAFAE

R X E AR5, LA HRA RS | DR AR 55 DiReh 3 L OSCE AT U, e i
T fE P TR AR K, F 2 ST RE S A o A1 2 @A 5 B GE DU Rl A 4 B (R ME R T ) o Rk a3 2 %2
B PTEWFIE X AR IR Tl — 0, SR A s S SR E 2 O 2—4 2 B RO TEMF R X
#EHFURBEEE NS REEMZEAE N ER@EFEA @R 6—18 2, BRRE X N #HE
RV R 20 AR B 7 AR AR 258 S
1.2 Bk

HEAT 2 THU g A e TR AR ASEADL il o 14 5090 2, 5 2 (B Bl s MR s RO s = A A, i s ) R
T SCUF AL AR DG EE 240k B ST T T i R B S Be AT BRAA /) . ARV S 802 2% 5 1T T i = ol
TEAEY) 3 FH SRRV A A5 2 TSR AL A ) 21 B M 1 S RE AR TR R FE AR 225 /i
B AT A 2 MR E S, RGBT E R R O 2k (hip : // data. cma.
en/ ) BHERIECN T TG Gl (05 :59134) o R TTHTIA & WG 85, 25 1 B R0 Y 55 v Anm] 2 2%
P, RGE” SR U S 58 H AT TR BB M 738 1Y “ FUR (light breeze) BOUSE I RGE . ENVI-met 3255 A
SRR,

%1 ENVI-met TEHANSH

Table 1 Main input parameters of ENVI-met

ZH Parameters HUE Values
BB H ] Simulation date 202249 A3 H
R X 245 % Latitude and longitude of the study area 24.26°N,118.04°E(JE[])
JA ] Wind direction 344°

10m X Wind speed at 10m above the ground 1.80m/s

146 15 FEI PR 55 #RLRE (00:00) Initial ambient temperature 35.30°C
WIEATEE (00:00) Initial relative humidity 46%

HUBEJE Roughness 0.01( #KIN)

I B4 5 R 2% [ F- Solar radiation coefficient 1.00

FEARAEY) U IR JE Leaf area density of tree plants 2.10

FEAAEY TR JE Leaf area density of shrub plants 2.50
FAAEYIN T FUEE Leaf area density of herbaceous plants 0.25

TR AMIY I IR Albedo of trees 0.31
TEAKIY L B8R Albedo of shrubs 0.30

FLAAY) IR Albedo of herbaceous plants 0.15
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Fig.2 The framework of methodology in this study
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Table 2 Analysis of factors affecting the suitability of roof greening
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Table 3 Implementation difficulty and priority of buildings with different functional types
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Table 4 Advantages and disadvantages of different plant species as green roofs
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Table 5 Presentation of 7 simulated scenarios

J& T Al A AR K ;
e AL R S RIS
TERITE () B SR ;
P . . . . . Cnstruction types of
Classification of scenarios Construction scale of Building functional types ’

. . roof greening
roof greening ( coverage)

1% %% 1Scenario 1 0m?>(0.0%) x ’x
FER AT 2 1) 2
o JNAE A5 AR TR TR
Scenario 2 (Scale 1+Type 1) 5388m"(19.49%) AICHR R E TS
53 24257 | .
A SO ) 9891m(35.78%) S A5 BRI
Scenario 3 (Scale 2+Type 1)
T 5 4(RE 3+BJF 142800 1) R ANEHEESA R R+
p A 900 [ T
Scenario 4 (Scale 2+Sequence 1+Type 1) 16277m°(58.88% ) by AR
15 5 CHUBE 3+ 242580 1) ) AFLEE L B AR+
‘ A T R TR 45
Scenario 5 (Scale 3+Sequence 2+Type 1) 21642m°(78.29%) oy HIRAE T L
3 6 (BT 3+ 34257 1) ) AT R +HEE )
A0 R TR 4
Scenario 6 (Scale 3+Sequence 3+Type 1) 27644m"(100.00%) W AR R sk
15 7R 3+1TF 3+2570 2 IR + R HHEE .
5 7 (R 3+ )5 34257 2) 27644m( 100.00% ) ONFEEES+ R R+ R MR R T

Scenario 7 (Scale 3+Sequence 3+Type 2) B

2.2 HIXEERE TSR R IR AN AR 1k

R T BRGEA R 5t 2 TSR Ak A6 17 XORUBE RN, THAR LA P 17 e S5 1% 5 1 (O BRZ) AR Rl 47 2 1)
& AR BE 2218 (°C) DASRAEAS 1 5 v 2= Tl A 70 3l i £ DX 0 Bl g B2, TE (AR BRI, (AR TR . TEARES
BF .

(1) 185t 2.3 4 HpFgE X [l N 2 ol Ab R it o i SR B 12 I )= Tt gt b S e LA Fy 348 om i ash 1, I 52 B0
fPEYENEJE‘JﬁE&ﬁ%%TﬁEiﬁ,ﬁﬂﬂﬂﬂiﬂﬁﬁﬂﬁénm S B I 1 o iR e R SRR R I (I 1), 4%
i 2 o4 i e 3 SRR ”’“ﬂﬁﬁ_é‘%‘ﬁﬂi—ﬁl SHTE 15 H T BT L AR R 4T S 6 P, M IR N
W R AR AL S5, A T 50 1—18 5 3 BB, $2 50 30 T A 45 2 T0L 4 A USSR 77 DX P8 114 S 227 e ek i
52 {Eifllﬁﬁ‘}% r ,54\3 FER 4 BTG ETH T 1.65 5 HHF5T X B o B 2RUEH LI T

3000 - N TH 56
SRR B Tk
2500 -=-10:00
-A-12:00
2000 | -6-14:00 %54

< 16:00
1500

1000

500 § AT

e i B R B
Accumulated cooling intensity/°C

ZEE""

1000 15000 20000
B IRFAL R AL Roof greening construction scale/m?

25000

B 11 &EBEEAREMZIETRLEERRERRERZIZNEIE RN ML
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