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Abstract: Nanjing is located in the region of hot summer and cold winter, and the microclimate effect of open space in
urban settlements can significantly improve human comfort in winter and summer seasons. Based on the requirements of
Nanjing’s urban renewal on the quality of living,it is of practical significance to improve the microclimate effect of open
space in settlements. In this paper, ENVI-met,a climate simulation software,is used to study the microclimate effect and
human comfort of open space in three settlements of different building layouts, namely, Suojinsicun, Danguiju and
Chunguangli,in Nanjing. The ENVI-met model of a typical open space in a settlement is set up,and air temperature,
relative humidity, wind speed, and solar radiation and predicted mean vote (PMV ) are measured in terms of plant
configurations of open space,the enclosure morphology of building plan,and the degree of thermal comfort in the outdoor
environment. The main conclusions are; (1) The structure of green vegetation of open space in the settlements , the degree
of enclosure of the layout and tree shape have impacts on the microclimate. (2) The form of building plan enclosure has
strong correlations with air temperature and wind speed. (3) The thermal comfort of open space in summer of Nanjing is
poor,and it is necessary to reasonably arrange the activity and rest space in conjunction with the shaded area of the
building and enrich the plant level,so as to improve the climatic comfort of open space in old settlements and meet the
requirements of urban stock renewal construction.
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Fig. 2 Microclimate simulation of open space in mixed settlements at various times
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Fig. 4 Microclimate simulation of open space in row-type settlements at various times



SRIRB, A A DX IH A DT s [ f AR AR B 7 —— LA P s Tl Ay £

TR AR [ 14720 B A0 R, o 07457 5 %) A IO 4 S5 R 38 2 00 i) B8/ D %) 5 08 A A 97) A < [ B K 140 7 4 A
ﬁﬂtﬂmdﬁmmyékﬂﬁW%%Eaﬂmﬁﬁkm%mmfﬁﬁﬁﬂm.

5 J AT AT X TP ik 23 18] 16 R 5t B 2R fe A1 14:00 1) PMV BCBLEL. B0 XA T A 5 EE 1.4 m &b
Imvﬁﬁanns¢mﬁﬁ3m;%ﬁ%@%@%&ﬂwvaﬁﬁﬁg%zndimﬁ%m?ﬁﬁﬁ
PO A T U SR BA 52 X 43 (], L 37 1 G U 10 B A o Aae BF, DRT O 9 338 A e, o I 25 18] 70%.
PMV {H7E 3.68~4.71 [EFIE M 25 1 DX 7 FFI02S 6] 25% , 3220 A 1 i LT A0 75 i 20 [X Ik

<2.17
2.43
2.69
2.95
3.20
3.46
3.72
3.98
4.24
>4.49
Min: 2.17
Max: 4.75

B 5 173ERFRZE 14:00 B PMV
Fig.5 PMYV simulation of open space in row-type settlements at 1400

33 LBBEEXERXRFHZTBERSIE

L R A 20 Xl Zs RSB N ] 6 7.

(D) 2SR, LAY A U X TP as (8] 12,00 B s 26.10 C, eIl E S 22.70 €, Kl
FEEN 3.40 °C. X 3 Fhe S A AR 0 £ DX s ) 3 B mT DA L B8 P15 A X 2 Tl 3 Al
FER , JUHSE LA i B, i BT A 2 0| v 60 e IR X R £

(2) FEX R, L YA A DX i 2 ) 2 AR X 3 2 R S /N i 38 R ke 4. SR &, AR X
{Wﬁ%&%EﬂL@ﬁ%@Aﬁﬁﬁwﬁ*%EW%ﬁﬁjq@AﬁiﬁﬁimMJuﬁjq

(®FH5®LN@ATEEﬁﬂ ] E 3 A~ A 220 B4 DR 25 S AN . s S 300 I T ) s 5400 3 2 (1 XL

HIXHEE PNy
000 09:00:00 11102020 0 o0 09:00:00 11102020 o0 o0 09:0000 11102020 . o [HNEEE B 09:00:00 11.10.2020
g
240, 24 24( 244 -
0.00 Air temperature 0.00 Relative humidity 210" Wind speed 0.00 Direct Sw radiation
210.00 210.00 210.00 2
<1920 °C <65.89% <0.00 m/s <0.00 W/m'
180.00 180.00 180.00 1 .
g 1500 g 15000 o 15000 150,00 |
09:00 512000 20,61 C = 120.00 7379% £ 12000 020mss £ 13000 | 370.53 Wim®
90.00 90.00 90.00 90.00
60.00 e 6000 Ssigoq 6000 >040m/s  60.00 | 741,05 Win'
3000 MiN 1920 0% MIN: 65.89% 3000 MIN: 0.00 m/s 3000 MIN: 0.00 W/m*
MAX: zz 34°C 0.00 ° & MAX: 83.44% 0.00 MAX: 0.4 m/s 0.00 4 MAX: 823.39 W/m’
0 00 60.00 120.00 180.00 240.00 0.00 60.00 120.00 180.00 240.00 000 60.00 120.00 180.00 240.00 000 60.00 120.00 180.00 240.00
Xim Xfm Xim Xim
2 — - X 20 .| st ] - P
270,00 12:00:00 11.10.2020 0 0 r, — 12:00:00 11.10.2020 0 oo 12:00:00 11.10.2020 | 12:00:00 11.10.2020
240.00 240.00 24000 9 -
Air temperature Relative humidity Wind speed B8 Dircet Sw radiation
210.00 210.00 ¢ % 210.00
<2270 °C <53.89% <0.00 m/s <0.00 W/m®
180.00 180.00 180.00
150.00 150.00 | . - 150.00 _
1200 £ 13000 2423 T £ 12000 60.18% £ 12000 017mis 418.34 W/m®
90.00 90.00 90.00
60.00 s2576¢ 0000 >66.47% ©€0.00 >0.34m/s >836.67 W/m’
30.00 Min2270c 00 MIN: 53.89% 30.00 MIN: 0.00 m/s MIN: 0.00 W/m*
MAX: 2( 10°C 0.0 MAX: 67.47% L s e e e s MAX: 037 m/s 000 » MAX: 929.64 W/m’
000 60.00 120,00 180.00 240.00 ono 60.00 120,00 180.00 240,00 noo 60.00 120,00 10.00 240.00 000 60.00 120.00 180.00 240.00
Xim Xfm Xim Xfm
2000 T G 16:00:00 11.10.2020 0 00 16:00:00 11.10.2020 .0 0o S | 6:00:00 11102020 16:00:00 11.10.2020
240, 244 24
000 | Air temperature 0.00 Relative humidity 210" Wind speed Direct Sw radiation
210.00 ¥ 210.00 210.00
<2333 °C <54.98% <0.01 mfs <0.00 W/m'*
18000 180.00 180.00 1
g 15000 g 15000 o 15000 _
16:00 = 120,00 24.02 C £ 120,00 57.88% = 120.00 0.16mis = 27523 Wim®
90.00 | 90.00 90.00
6000 | aago 6000 se0780 0000 ~030mss >550.46 Wim'
3000 A MIN: 23.33 °C 3000 a MIN: 54.98% 3000 MIN: 0.01 m/s MIN: 0.00 W/m’
0.00 T MAX: 24.85 C 0.00 MAX: 61.42% 0.00 . - T MAX:034mis 00 MAX: 611.62 W/m®
000 60.00 120.00 180.00 240.00 000 60.00 12000 180.00 240,00 000 60.00 120.00 180.00 240.00 000 60.00 120.00 180.00 240.00
Xim Xim Xim Xfm

Ele6 LEEASNERAMNZEEHZBSIEER

Fig. 6 Microclimate simulation of open space in L-enclosing settlements at various times
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Table 3 Comparative analysis of microclimate of three types of open spaces in settlements at 14.:00

AT

W/

LI DORI T S L AR

X 2 W 5457 B K2 PMV 434 [ T 5 K RS T (m/s) W/ C W mgsc PV i
S1 f — i 14 0.11 3351  17.67 40.48 3.30
s2 H EARCS TNt aTa] 0.10 3372  17.73 41.15 3.38
RAER S3 " AR IR i 1] 0.09  33.82 17.77 47.04 3.79
fEX sS4 & REEEETE 014 3380  17.76 41.10 3.38
Frisas Al Ss P — i 14 0.15 3393 17.79 40.86 3.36
S6 I EARE SN ginain) 0.13 3385 17.76 40.73 3.35
S7 " FARES) i ai] 0.15  34.03 17.74 59.85 4.54
D1 H RS 0.15 31.12 1221 40.39 2.76
ElEN 2 A él{@ﬁﬁﬁ%ﬁ 0.13 3112 1220  38.99 2.67
fEX D3 ¥ m@v@@%iiwﬁﬁ 0.14  31.23  12.19 54.68 3.53
iz ] D4 Tc QI@JJJ‘ 1 I T 0.17 31.30  12.17 53.82 3.51
D5 H LT I 0.19 3132 12.16 43.46 2.97
D6 b R HE 016 31.24  12.18 53.58 3.48
Cl H LTI B 0.08  23.87 10.42 28.79 2.53
LA c2 H EARCS )TN it aTa] 0.09  24.09 10.39 43.32 4.13
SR C3 " ﬁ%ﬁ% 0.09  24.07 10.50 45.60 2.88
P c4 H i3 0.08  24.09 10.44 43.58 4.07
- cs5 X Tt 0.09 2412 10.41 56.25 4.11
C6 oG FARCS TNyt aTa] 0.09 2428  10.39 49.94 4.18




SRR, 45« BNV 3l DX A DX 2 TR o AR T 7 —— A g Tl A 491

TRA A X TPk A 18] 7 AT 52 B0 TR ACHE RS 0 I 1 385 B AT T T A4 f il o5, B Z B A
HERS AT 5 XHAE 0.09~0.11 m/s, TEFRABE R I 25 X TE 0.14 ~0.15 m/s, TR AGHE PHARFZ M0 K. FF AR
1o B S e Gt A — 22 5 M, o] S ORGP AI 0.02~0.06 m/s. PMV EL 48R B« 73 ~ A3 1)
), B 2T ARG IS KA 22, AT DL B, I A BH N 5 ST DXl XU B A PMIV (B AR X AIG, A4
FRET 18 P AR B, I A S35 Fl S7 DX Bl iy #AGET 3 E A 2% | S X IRl s [R] vp S5 1 S7 A 5OULAE 514
HEF, ENVI-met 480 AR GE AR 30 RBE 28 /N B S5oUR AR 040 , BRI A5 S5 R0 S7 1Y) SEEBRFAET 3 J32 7 LU AR HUA 45
Rar.

A5 AT XI5 2 6] P9 4% W 00 s B DL XUGHAE 0.13 ~0.19 my/s. SRS HEF 2E B IT 23 6] XL 1] K 25
[i], S [A) 502 [ X ) 359 R 2R G [, R SR 1) — 350, REA @ SHES DR g i KU, P8 4m SRR T, Je s
ik 54.68 °C , i fIkik 38.99 °C. 14.00 B, B BARE X AW IS (8], UEH T NS 1.4 m BRER T, Lk
KA BT B L1375 05 T H AT 25.56 °C, R FH LS N A B AP IX 8 7, LU A BT M A1 1.62 °C, AHX T4
O s N B AR BA e A AT R0 T, FRAIR 23.94~25.56 °C. T, 5 PMV {5 SLASSRAH . 78 1400
BB PMV A LK FHELSF T RO 2060000 75 A B DCIRAIG 1,31, 91 AT BB ET T PMV {E LL i it
TEZERB AT PMV {E 15 0.09, B H-TE R BH T~ AR HAET 16 1 3 4

L A9 A R Xz (8] b P A [ 7 5 DX ) Al S s 2 B0, 78 A ) X33 174 sy 35 XL
-S4 R SR R A 25 (E 2 200 0.015 m/s F1 27.46 °C |, 2 WS [ 25 BE 1l 23 () BRBS R BRI S i s 22 5%,
T 55 P S R A SR A S M A I . PMV 8 AR, 6 AT R R CL Y PMV (B B30T« f7aE X (A,
fHALIAE] T 2.53. WAL C2.C5.C6 1Y PMV [HEE SR T 4,383 1B (4845, A5 C3 #hf—2k.

[ — [R5 L PN TR A 20 X TRl s TR B PMIV (B 7E 3.30 ~ 454, 4781 A X FF il 4 (8] () PMV (B 7E
2.67~3.53, L B2 K IFA 23 [ i PMV {HTE 2.53 ~4.18 , Y8 T B Ze (S o AP 3 5 45 2% 1 IX JF].

ZE LA M, WAL IC B X S A R S MR T, A X I 2s TR SR A A Bl 4 4 | HEAT A L5 R AR Sk
SARIAFAERZ I« (1) 1RA 20 A8 20 XS AR AR AR 45 44 LR /INR AR AR T AR B AT A A 3
FIHE A 3 R/INTR AR LT A T B A K PH 4 S 3 570 %) B[] B4 (05 R v AR A R B BB IX, Rl B 0B 8 v
REWIMER A KN AR Fe ARG FEA G (2) RECBEHE AR 04 Bl 5 2 B X K B 2 B RE AT 8 2552
)R/ A SR 28 ) AR TE AR A T 91 PR A 288 B T AR R, VR R TR AR AR S ] FEEACEE BT, 2 b AR A% R
BH AR S BEURE T 555 52 00 5 (3) AEL DRV 100 A2 2 L ) R R s, 0 S P XU R . S RIS A A0 9 1
T KB IMRUCHRIE R 56 IRIEAR 5 TR 5.

AT 1 A AR T 52 B A A S = AR B R ). 28 ST B AR AR IR KRB IMR U IR &
KL ARG R A780, o 720 00 DX les (8] P i BE AR AR TR = X ik 2 a) i R A 40 45
H R FN /MR YR Ay 5 2 A 0 XX B e A ) X A e 2 A ) X, L A ) B 2 AR
XoF i8R, MR 2 2, - HLAE PR B SR PG A0 DX el 63 7 14 W AR R i ) DX SR . AN [m) A 55 7 ) KU A
Za5 , RGHE R R B /MR U Ry SRS T A 1T B s i) 20 P P 3 s s ).

WA NG 18 1) B, 3 B X il s () B R AT 38 AR 25 0% o < L B & =0 IO
Jizs ) A AR X P 1] A7) AR X P ieas fa). LY G 20 DO ik 2s ) 25 9 bems ok, FEcAd 2 AME
DXl [A) A BE S TR, LR X 3k 4 R B 2Rk R X, BT DA S 2l S A AT 3 T 4
3.5 EMEEIL

ARICIETF ENVI-met AR SHT 15 H B 52T 8 TH AR X eas 8] i Sk P R o $ 7 1. 3 %
IH A DX ik s ] ) Ak L S AR AR P B 8 7 X0 32 S BTV LD, AR B A 2 5 I 8 T i JRORAIR, T %
. EEUCKEFEAT ASRAR AR AR S KT B A X, AR A 2 AR L BE SRR HUE i Ah /N AR R
IR BEAF RR T 18 T - — B R D 254, #E B 2R 2 i XU AU DL TRk — B b 25448 = i /b
HZHEY) , B A XURRTE 34T CEs 1) AR XU . T S A R P S R 2R 1 Bl 2 b I AR A1 Ry S e
T A R S, 5 R 3 g 194 T 44 T MR A B S g A e /. 7 A B L 3 I3 P 14 9% ) 22 (1] i e
it FH R IR S BRI AR 7 4 T SR T A .

EEXE 3 BRI Ja s X RRAE , LT s [R) PRI B P T 2

(D) IRAZUE XIS (8] 1R A 20U XA R B A s A s SR A HE A AR E, PR e R



B IR 2 ( HAARBL AR 548 55 2 (2025 4F)

el 57 B A8 SUAASOR DX R. T A B8 A7 A T T 2 TS Tl B ' DRI N 1] B 5 X 5 [R] S RE R 70 AN &
BRG] T MR SR R R ORS00 R o AR B 22 ) 40, IO F 3 3t 22 ) 9 1 A
B T AT B AR R, s i) BH O XA i 4% 2 [ R s ] 3 2 B 52 XA B AR RELSE i, ek 1) B 2 X
B/ N AR 4 ) RS B PR, 3 T 4 B R 4

(2) A58 AE X iz 18] 4790 2 o e A e SR s ) A R, F A Jmy ML T | A 1Y 55
WLRUREAE. AR A SR, 28 A FE AR SR 2 AR B A 00, AR T8 A 1 KGR, A SR R, 3 XL )
JETT I e A S AT Tt T TS 18] N BRI 1 RS A T ER S5 , A 5008/ N e 370 7 XU T 9 s 1
DRI, 075 B2 A O i 22 TR AR AR BT > #0507 P 52 )

(3) L B & a0 X iileas 6], L B Rl a0 Xl AR 500 3 (HHRA T AR 58 P47, R ECE
PR , AT DAY ERIREE XIS AR L 22 | 0 5 7™ A B 8O0 7 i DX e 2 1) 8 Bl i R e T
TR B, SR H o R LB A5 B o B AR AR DA S AR, , I ELR TR AT I R T AR B sl £l
FHBEAR DA

4 ik

TR =CA TR 4 o Rk v SET B 48 30 BT I AR BEORTT R T i 22 T AT DX T ik 25 ] )
B AR N LA B SR S S8 VA A0 S5 T ENVI-met BLDLAMHT , E2AF BN AR 4518 . (1) Mo i & IHAE X
8 A R A i A58 5 TR A 20 L BY L 2O DX s [ 2 de il ) 35 (2) g i 2 THAE
DXk s (] A 2k AL R A5 AL HEAT B Bl R B ORI X (R AR AE S (3) Sl SUF- i A A A 2 L BE
RBAT B ORI 5 (4) B0 P AN AR ET 1 B2 5 TP s TR T e (S fl ) DB AR OG ; (5) R Bt IX L
TIPS MREFIE PR 22 645 W28 IHVE X 7as T S5 v | I 58 0 R B R s — M B2 IX, 45 K
SR | o SRR ST R B PR, 3T 10 A AR T A PRI K AR L e s 1] ST H IR
DXHIA AP0 H BEARAE 3l 5 T R AN 2l , 4G iz Slrseits | n] I 3 2l BH it A [ 19 77 AR S B R 5K
U Y 2 S sh s 1] A R 25 59 4R IXCHEAT AT B 0 1 0 22 S e 0 s, DA T N s
PRI BE , el SR RERE , I st 3l Sy S AR S5, 19 A 0TI A R R Y 2K,

[ &% 30K ]

1] BRHAE, s WA g s e [ M ] JEat AR I, 2002.

2] Wirde. FEH0 A0 A R AR DO )67 & BEAU AR SRS [ D] . R R - I R Tl oK%, 2013.

3] A, BRI BEEAE. BT X ) 2 M R X R R [ )] NI AR S5, 2011,22(2) 343349,

] /N TS LR, S5 5T ENVI-met 920 A SRy 0O U TR RO RE MBI 5 - LR st s e AR/ N XA B [T ] Y5

WA, 2018(3) :34-40.

(5] SRR, E AR o8 R DX 39 6 J28 /N A RON, Je N AR BAGET S BE IS - DA BT B8 R ) S 0l [0 ). v el Ak
2017,33(4) :18-22.

[6] ZEbh skAed BXSr A, LT 200 AET I 48 Ar i I Ptth DX A3 IX SR 40 25 B o B R AL BT TE [ 1], B AR,
2020,36(10) :158-166.

[7] ABDI B,HAMI A,ZAREHAGHI D. Impact of small-scale tree planting patterns on outdoor cooling and thermal comfort[ J].
Sustainable cities and society,2020,56:102085.

(8] VRJAR. A [ 55 WL 300 2 X 28 Al [l ol U B BT 2 )2 R I [ D] DRFH o BH A K, 2020.

(9] KW, TR, XURERE. T S /N DX A R A UL I 5 BB BRI T [T ], R i s 24l ( A AR , 2015, 54
(1):124-129.

[10] E# K, E—U, B R RV DT 58 XAE MR BT LU ZE [ )], Tl $7,2018,48(7) :49-53.

[11] 2Bl REUE, S A, 55 @S R XHE AR X IMIGP SR BT 7 (1], @HITAE,2016,44(3) :57-63.

[12] RETE R AN, . SRR 7 R RE 7% 450 % 2 = RUUR I SeE SR [ 1], PERMO R, 2007 (2)
75-79.

[13] BRBUE], G896 1 SO, 55, BESURISR AL A7 )= X 65 JH 77 & A X/ NS i s2 i [ J ] J0mg Aol R 242442, 2016, 50(5) < 674
682.

— 36 —



SRR, 45« BNV 3l DX A DX 2 TR o AR T 7 —— A g Tl A 491

[14] EAE. 2T ENVI-met #1728 /N DXL AR 20 -5 2 2 (R 0Pk Ao Sems w5 [ D] g BN T EOR K
2%,2020.

[15] JIANG Y,WU C,TENG M. Impact of residential building layouts on microclimate in a high temperature and high humidity
region[ J]. Sustainability,2020,12(3) :1046.

[16] 25, 1. B TR A HE DO SFHEA R O/ NV ERSE R TS [ )] i diaR, 2021, 18 (1) :56-59.

[17] ELIASSON I,KNEZ I, WESTERBERG U et al. Climate and behaviour in a Nordic city[ J]. Landscape and urban planning,
2007,82(1) :72-84.

[18] NIKOLOPOULOU M,STEEMERS K. Thermal comfort and psychological adaptations as a guide for designing urban spaces[ J].
Energy and buildings,2003,35(1) :95-101.

[19] &PV FE S, R4, 5. /7 1T E A X S AMA A )/ NGRS 8 R S 2o [ 1], AR ,2018,34(8)
18-24.

[20] EAR. JUATE X HHE RT3 Hr [ D], bat U stk ,2020.

[21] 2%, 5 #H. LI ARTEE B M UAE X RSB L2 [ ], JEntpoll K240 ,2012,34(5) - 57-63.

[22] KB, &, JRIERE , 5. B At AN [R 25 A R A v A0 2 B P 22 A Bl U e A I [0 ). AR 2823, 2019,38(1)
27-34.

(23] BB, TR X AT 25 FEH T 2> el % 2= PR R A 3 35 2l 32 5 R i Al = 0 19 A% i i I M5 [ ] vl el ol
,2018,34(2) :42-48.

[24] D5 R AW, SREIAE 45, Bl 2s () 28R 0 S AR FORAMA [ ) ] WA bR 222441, 2019, 36 (4) :783-792.

[25] RT5, BUEH. SRS A3 S )R 5 T PR B8 SC IR PE I 52« AR St Tl A ] [0 ] B st iR 24l ( HARBLA i)
2022,45(2) :16-25.

[26] ZFf. NRIAETE Bl NAPERTFE [ D] PU% . PY L SR R, 2007.

[ZEHE:T F]



