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Abstract

Abstract

Keywords: Urban heat island, urban microclimate, outdoor thermal comfort, urban

heat island mitigation

1. Introduction

Urban thermal environment is exacerbating due to the influence of climate
change in recent years. Thermal environment could be improved by implementing
green building design. The Taiwanese green building labeling system is launched in
1999, in which system, the greenery and water retention indices are related to the urban
thermal environment. The objective of this study is to quantify the effect of
implementing these indices on the alleviation of the urban thermal environment and the
improvement of the outdoor thermal comfort. The research results could be provide as
a reference for formulating urban heat island mitigation strategies. To this end,
computational numerical simulation was adopted to construct the quantitative appraisal

models between the green building design and its inducing effect.

2. Methodology

Literature reviews were firstly conducted to identify crucial factors that affects
the urban thermal environment as well as outdoor thermal comfort. Furthermore,
international green building labeling systems were also collected, the evaluating
methods regarding the urban environment were compared. This study adopted
computational fluid dynamic (CFD) technique to study the effects on the thermal
environment of green building designs such as strategies of water retention, greenery,
material of the pavement etc. Concerning the numerous environmental designing
factors to be considered with and due to the fact that the process of CFD analysis is
time-consuming, the design of experiment method was employed to facilitate the
research efficiency by limiting the simulation runs to 27 cases. The ANOVA was
adopted to analyze the relative contributions of each design factors and to construct the
predicting models of the ambient temperature mitigation and the outdoor thermal
comfort improvement.

3. Major findings

(1) This study accomplished the comparisons of the evaluation methods of urban heat
island existing in green building labeling systems worldwide.

(2) A field measurement campaign was conducted for validation against the CFD
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simulation software.

(3) Identification of Taipei’s extreme meteorological data for simulation was
performed to study the urban environmental thermal condition on the extremely
hot date.

(4) Green building design factors that affected the thermal environment were
identified:

1. The influential factors against the diurnal temperature mitigation are the
average building height, tree’s canopy coverage ratio, albedo of the pavement
material, and the building coverage ratio.

ii. The influential factors against the nocturnal temperature mitigation are the
average building height, tree’s canopy coverage ratio, and the building
coverage ratio.

iii. The influential factors against the severity of outdoor overheating are the
average building height, tree’s canopy coverage ratio, and the greenery
coverage ratio.

(5) The predicting models of both urban heat island mitigation potential and the
outdoor thermal comfort improving effect were established.

(6) The application of the established models were demonstrated by 12 actual green

building cases and the feasibility of the models were confirmed.

4. Recommendations

As the quantitative models for appraising the green building design against the
urban thermal environment have been established, it is suggested that to gradually
evaluate the urban heat mitigation and thermal comfort improving potentials of every

green building labeled cases.
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NS L Rt LN 2 # #(Konarska, Holmer et al. 2016) » £ Z_% F 2 AR

Flep A BHFEAP R LSRG THIFHRE2 25 FREL IR ES
T ERRE g LA R RFZRBEAALE R FELEG G

2R GFERFRBANLFELERFL D IR NTR T - B BENEE &

B

7 7 (Coutts, White etal. 2016) 3 M1 e # 2 "8 if»c g g R "g s 2 Alism &
AR AL B s BE 2 F Ry f*i»f’rﬁﬁ PPAE gt AR R A D
FLUPmp I E L ie BEE Ty S BRAFPBFAEMIL AR
#403f 2 B 554 (Sanusi, Johnstone et al. 2016) o @ fF B & * & S Hans = o}

TR >3 > Lee & A (Lee, Mayer et al. 2016) /& * ficfg 22 23N R 2 % 2. F



EEE RS S il

BB BTG G SR TR MITE A S FIEA Y 34°C 2 %K PET 4
49°C> m F A 3 v 174°C 9u8 B "5 tgredk o

AR e M A e  HET AL SRR P RRRZ

TSRS VER LEEY T RS FIEE TR S AT = SR VL
BAADREET AR L2 % A Rt S S 1 £ )2 ENVI-met £
¥ o é_éﬁl?e,} % 5@ 3 &* ENVImet & {75 B #0741+ (Fahmy and
Sharples 2009, Fahmy, Sharples et al. 2010, Perini and Magliocco 2014, Yahia and
Johansson 2014) ~ 4 & 11 (Carnielo and Zinzi 2013, Taleghani, Sailor et al. 2014)
AR i2 # fie B (Taleb and Abu-Hijleh 2013, Taleb and Taleb 2014, Taleghani,
Kleerckoperetal. 2015) % 4 = *t 1 TE 3 2 4731 o 7 #3 ZmHR* ’“*’Z‘r’v 2ok A
BB 2 M REREY ¢ A3 > A8 F 712 ENVI-met i® 5% = "fa"?'r‘ B
FlF BB MG M BERTL R -
Fo8F LRSEATEH LY HR BRR LR

PAGBFFERL R BRI A I RWLB ORI RENL Y
BEFEPF A2 RBRERE SR FRGE 2 H Y S%(Huang, Lin et al.
2015) X ZEE c UFEFBS D wLadThB RSt RF BRRAFER O AS T
B2 YR KT LIl FREF URF B AERR B AR

& 3

WM T AR 3T LEAGERE ST LRSI R BREE
B 7 VB2 BRI 5 4 R 5D 2050 EF RN A LA T
T3t 2T A v 2 66.4%(United Nations 2014) < 317 B 223 B 8 4% i 4 i

ML HBE EFEP NI SRR I RE LT - o B RLF D

Bl ~ B¢ Mg A A(EBIE) - RS 3 LRI A GRS EESE
Sy R

TR ALFRET LR R P akehs 3 FARRE LS P

Z B2 4 ]2 - (Lin, Tsaietal. 2013) o g+ b » 385 < § 4 1 it 2

HiE - B éﬂ‘FK'ﬁ BT R ex sl A et é F'?rg—r; 232

|
i S

s

o

& 4 Big =
A BMERE P RBEERPNFA L SRET P REG T A
%B%¢‘%%“‘iﬂﬁﬁﬁﬁu£”?&iﬁ@ﬁ%%%¥%ﬁ§W%°W

RLF IR RNBE AR s B 500 BIRER TR 0 402010 £ 4 p



3= H i- TH G Eer AR AR B RE TR

# 1 CASBEE P ¢ %413 # § i 5 2 3% 4 » (JSBC 2010) * & % ¢ LEED -
# W1 BREEAM -~ 4 % 0 BEAM % & W2 2 A= 4 4 p + s 3~ 4 B

BEE DG AREGRIE LY P 2015 & AR E AT ZAARRERAN RPN

O E G R p 3 (EEWH-HD(HR & 48, 5 T etal 2014) -

Bith 5 R A o
{5 38 B 22 B :-”‘:_ﬁgxfgm;?-mn: I
ARIFNON D o Ly, EREZMA~D
(C.V.) | (;ﬁei!nmfm] il | E— k7435 FAR

CHEE

W 2-1 P AESAPE AP FRID #L 26T 1
(F# %k : (JSBC 2010))

w«@_; }];JCP q\.;"l{ﬁéi%_»___t)%:r] ;}lj\g/\‘l)’§> {z*t;i\¢1§bti¢"§’llﬂ n
iv R enig * (Santamouris, Synnefaetal. 2011) ; B R & et = 1% ig X< £ F F#
¢hZ 3 48 (Harlan and Ruddell 2011, Mavrogianni, Davies et al. 2011) 5 383 g 4%
B PR e B & 4§ 54 e 47 (Smith and Levermore 2008, Santamouris, Synnefa et
al.2011);2= A2 fefgid = F0F P B i# (Santamouris, Papanikolaou et al. 2001);
;FK—H #0013 K4 & (Smith and Levermore 2008, Chen, Ooka et al. 2009) :
Y2 R Gk D R E b auE JEEG & i BLBL @ (Santamouris, Synnefa et al. 2011) % ¥
A ] e

FHBEE ST RLGRAL AT F IR ¢ AP RAREEATR
JOA(EEWH)P 932 2 F1F 0 blde B 2 S0 R S RS 2376 5 A%
Fokdp R B B S K 2336 5 BERALFHDED B LR G M
T B TR GFERE 2R E o RA G P AT R A
P B A ERARL A AR NI B ARE (0 Ry R 4 2 g0
BERRERS PN REARFERT M G gl PED S BIEH 2 HeEF)S
AARREFLSE AT AT 28 BT & 2-19n o BHP 5T 4
IFAREFI PR ROR T R GEERAF P L TARY B ELATE L F

AR LRMEZA IR FBNI DR D ERFT L LG LT



¥R RPN ChY pw ARt

\\‘

SERE % £ UL AR S R TR R e e N R p:p\ FiEHV
PA&Riiks - Ra LR SASNHEIT RRRLPPE T S

FHRHEAR T AU TARBP RSN B ERAPEL Y A ELLE
S BRI A LIRS A §RaE S I TR R
MerlZ AR AT R FERAMA 2 p K SR Ap R R TR BIRB o Fpt o g3

ST

2 2-1 MFFD A RRRLERAFIARGFTHREATR LRI
RiToBBEATR
‘2 ’Kﬁ 1(& .i ) é % b
R Eggf‘ %iﬁﬁ rﬂ'} ’% gfb-iﬂ‘)% Z“b lf ik
AL FRTRE IR N R s (Santamouris, Synnefa et al.
| P 2 S it 2011)
& *
N L (Santamouris, Synnefa et al.
AR # 2011)
5 R R A LEL BB (Harlan and Ruddell 2011,
i A ” ﬂ =P E Mavrogianni, Davies et al.
5 R A 2011)

(Smith and Levermore 2008,

FRH Z WK R 7R T E
P G R B F Santamouris, Synnefa et al.
15 514 g 4% ‘ 2011)
=R 2 e A ,-vrg HON (Santamouris, Papanikolaou et
. ;? B2 i F AT LK‘;T InH EE G al. 2001)

kS

(Smith and Levermore 2008,

’L _g_ U ﬁ‘,' ‘-v‘
Ep e~ AW A Chen, Ooka et al. 2009)

FK—B ?& »% e

GRS S (Smith and Levermore 2008,
& . k #ﬂ w » ' Chen, Ooka et al. 2009)
TR

1 F b ek HEEG i B ) (Santamouris, Synnefa et al.
PR PR s mpee 200

(FH ki %7 f L)

B0 FIGEEBrR R 1 PR D BIREL > E LR BE AREFE P B A
BT BT G AR 2 WD M EE R 2 & R B G o BR RR
P2 R e U LEEIE 74 ERFEATRE (HK-BEAM Society )
ﬁ&@ﬁggﬂw@mwn‘aﬁﬁ%#ﬁbﬁ i 7= 42 % (CASBEE) 12 2
# M%2E A ¢ (LEED)Z £ § ™R R % ©



GEREIT B E o SR AR L O EERA]

22.1 3B EABRBE TR E (HK-BEAM)

BB 1996 # & 2 R iFZE A5 # ¢ (HK-BEAM Society ) » %484 5 2
FHEeS LA Ee2 A0t B B L & 53 R RE AP AT 2 Gk
B3#®%2 (BREEAM ) #8442 7 4 B2 A%k E =% > /4 (Hong Kong Building
-k R R EEAY

Environmental Assessment Method, HK-BEAM ) - iz &_

FERFAEL RERRM O SRR LR EATE S A A pR
¢ RARBIRG 1 ER RIE R R AL R R RS A
AR o

2009 & 4 % % = % 4 £ A1 & (HKGBC) » 17 5 4% 57 % R

@ BEAM Plus P| E %2 A e2® 51 &2 - BEAMPlus 2. p 3 ¢ &£ B BiE R4
¥ (Neibourhoods) e #8235 3+ » 12 % 22 H 3% 3526 1 — & £ #72E 22 H (New Buildings) ~
% 3 & #.(Existing Buildings)% % P 2 # (Interiors) ° A% ™7 T & §° ] & Ared
BRFERAATRREFFGTEROARHY 2 70 AF a2 R RIS
R 22) 0 F M B S RS TR R R TR

ZRERNFP B B AR

BEAM Plus NB BEAM Plus Neighbourhood
Version 1.2 Version 1.0

Site Area

Impact Area

Assessment Area

/= n . N e . -
E / -
/ .lIll =l ! -
—= —-— |
L_?n—--g-‘ !-ﬂ'_:— - —
ite Boundary Site Boundary

Assessmont Bounduy

Assessment Area

Assessment Area = Site Area
= Site Area + Impact Area

OR
Assessment Area = Partial Site Area

Bl 2-2 BEAM v & TR722 3, & TA% | 2R R F#
(F#L %k : 4 % BEAMPlus)
d BEAM Plus 2. ?ﬁgm?g SRI(R 2-2)7 1 R4 pARERFIRER RN F e
F- %@ % 4% o v Community Aspect (CA) ~ &3 22 % *t TR 5B & » Site Aspect

(SA)~## 4 2 Bt 4 ¥ L 5 » Material and Waste Aspect (MWA) ~ it /& # Energy
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- BN ﬂé;ﬁ%?}é;{gﬁags&ﬁ

Aspect (EA)~-k T/ & » Water Aspect (WA)~ = *h Ik 3% 55 Outdoor Environmental
Quality (OEQ)~ £]#738 P % H i & » Innovations and Additions(IA)~ & % =4 {& »

B E 2R EARUHEHEL(Fr™ £ 2-2)6 4234 > #7 F
BEA A UIET B EB(T5A) F £ (65 A) > BUB(SS A) S (40 M) B
B uE @ g M T R dpdR 2 TR B ol dp ik
PIEA B 23 % AR B S F & % ¥ - 38 (OEQI)Z & = 5 (OEQ2=H M 5 I

%A OEQl % 34 » @ OEQ2 5 4 4

(BEAM Plus)

HE
(Neighbourhoods)

JE4T I H (Credits)

Frtdse i / Community Aspect (CA) \
(New Buildings) i Energy Aspect (EA)
Site Aspect (SA)

Material and Waste Water Aspect (WA)
Aspect (MWA) -
: Outdoor Environmental
e
\ Additions (IA) /
L

..OEQ3~0EQ7

(Interiors)

W 2-3 % /& BEAM Plus 7% 48 % W
(F#H kk: 4% BEAMPlus)
% 2°2 BE2REEHTG w B 4

Performance Aspects Weighting
Community Aspects (CA) 20 %

Site Aspects (SA) 25 %
Materials and Waste Aspects (MWA) 10 %
Energy Aspects (EA) 16 %
Water Aspects (WA) 9%
QOutdoor Environmental Quality (OEQ) |20 %

Total | 100 %

(F# kk: 4% BEAMPlus)
* rﬁ“%%ﬁﬁg#ﬁ%&@»ﬂﬁuwn

303 - FARARITRE & L Rl B £ F(shaded) s & F (covered) i (7
B Sk (1 A) o
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= i- i9a ém% ijfri &—ri)“;;}fﬁ—i7 :-E_,L*;;JLFI_,F,/EH;L*

2. HEP 50%M By BER ERBAREL AT ED A4 FE G AL

A2
3. P S0%M BT FESFRBAABLAYLT I TEEFE R RS

A2
) U,;rs—r% L gt AR fdeT
L AR Tom® 2 G 5% DG ARGHEFHAREA M D P F 25%

PRAR G HEF AAREQA)

2. BEAFPZRRBEAITEPIFAFPZFIRLRA (RF P ZFE

B (Turban) fr BT F %2k 2 § B R (Tme) £ 5~ B ) B3 3CQ24) -

Bt = bR g gt TR Y p M AR TS T Ao R ik
Thermal Sensation Index (TSI) & # 7@ % sz ;§ & Physiological Equivalent
Temperature (PET) -

#RE XApI(TSD¥ d 7 5 B & (Ta)~ kT = B dg 5 (SR) ~ b & (WS) ~ 4p 7%
BERH)E B+ %8 R(ST)ew Eﬁ“fxvﬁt#% @ % 1 TSI=1.7+0.1118%xTa+0.0019%SR-
0.322xWS-0.0073xRH+0.0054%ST 3, & & 5 = % > 47 £ 2-3 #7575 » TSI=4 &
BogPif e w0 3~5 5 VR el o 2 AR R(PED)HER w7 % 4 2 4 5
PR RV A ML I EREZ BEY FeT A 240

>R BEUERHFERE - ot B g ARETERAL a ML
NEAREFF - FARRERNEF a8 R E AR ELAT Fp 2 NgLT
—ri"_f"\z.k'?h'% BRRE %&&’E&'f ( ) Jrf\’q.;}o BR (Turban) (2)% @t,év—yq_ifz
B R (Tmet) » ‘ﬁiﬁfﬂ‘?‘#ﬂ:ﬁ“%—,ﬂ BAERS RSB T P MABLRR o DR
PoBU R LGRS RIE IR AR S B E o R RIE
AR A~ R G M2 TS R B BPS s 0S wI g ok ~ CFD ik TR

S R R B EN ﬁ_ﬁ—?\#, °
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4023 BESHEHBLAFERR

TSI | Thermal Sensation

1 Cold
Too cold
2 Slightly Cold
3 Acceptably cool
4 Neutral Thermally
acceptable range
5 Acceptably warm

6 | Slightly Hot

Too hot
7 Hot

(Tﬂlﬂi@i}ﬁr AP ER)

% 2-4 2 REERPEDHREL HEFF R
Thermal TPC for TPC for temperate Range of thermal
Perception subtropical region [4] region [5] comfort
Very cold <14 <4
Cold 214 to<18 24 to<8 Too cold
Cool 218 to<22 28 to<13
Slightly cool 222 to<36 213 to<18
Neutral 226 to<30 218 to<23 s;:?:nm thermel
Slightly warm 230 to<34 223 to<29
Warm 234 to<38 229 to<35
Hot 238 to<42 234 to<41 Too hot
Very hot 242 z41

(FR KR 2mF ER)
212 % S(EEWH)

AF L S 415t 2003 & 2
I AL (AR

222 SRSER
r/?m&“
EEE RS B AL AR - BT
higE ol FOR4 & o B9 > @ = g AR Pea e ~ 2 BIRLE ST 5 AL
B
e 22
Fapth o oow e LA R~ E R RS CALFRES s T o F"S’Fi 4
LELELE ¥ #ﬁfﬂg POEA A R R BT
Ao R] 2-4 #on

SRR BRI T2 AR R ¢
‘%L_‘ %“%‘3@‘& N l%?{—' > *%%Eﬁi’axj? Z_ °7r}_?v;:;;’§.§§,?£;§;"'ir =

gﬁgﬁi?\:ﬁ s LEAE

-~

Bl o T Rh
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SEAHED B L FEE FRARD LR ERAY

¥9 # § (BEWH-HD 525 2 i
SR ERL AT ORRSELARFUE S A IR AL TELFREE
cHANMNEEDPHES ROAOEFFRALBRAEDT S REFRE RN

ByRD OB RIFTHIT LN AL PR L GRS R LTF]F R AT 0 A e

Bl 2-5 o
PAFE R R R T RBE G R R AT o

1 r’v.’}i&
2. HGEHAL RS RE G CERETR 26 RS G R FE R
KE R AR R -

3. PR ERECEBGEERPBLT K R FTHE U ER
4, P AR Edl ARSI E R Z LR Ao F 00 K p St
# (albedo)z_ 2= 41 -

HORSERF A

(EEWH)

¥

1 ER

s
{EEWH-RN) (EEWH-EC)
l A 22
B
i ket HEm

475 ()

(EEWH-GF)

A
(EEWH-BC)

HEEEFEAE ()

AT (C)

B 2-4 - BEWH %4
(?ﬁiilﬁfj‘pifg‘ FERATFEIP 2015: KA 2F)])
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5% RFpCH A AR T a

(4)

B 2-5 5@ # 0§kl SRR FIS GR L ED
(FH R B2ATE P 2015:4F %)
g:T'_’—’—» S\ 2 S
r’/% é‘u% Llp,zﬂ&—Pﬁ‘I’\tg\F‘Llpﬂ—;@?Qi? vy ”"f’l‘ii}ki‘ify_:SIJ
2 TRGREOE S2, A A E TRt RUAF BRI HESF A

F3TA > BF B AdE 030 S B Gl : 070 R AT HAHB G L

Feohag ooy S1, B8 > FIHER S MR LR £ 20 e b
%@@a,i£¢ﬁ$§+%§§%182uﬁzﬂ%%ﬁ$kﬁﬁfwﬁﬁ

Fom A 18 2 2 ALK HEE 2 2 & EEWH-HI
P ML EP o PR AL BT S 2 R 3 E BB
2:6 77F o MU H hERH TR G AR T AFH RS FELLR G
FERZ Y RELEIE AR s b G B EN IR GER R T HE
FY AT EP R T A hEE RS PR TURAR G R 7 A e

FRZG o GErE A KA S R F TR BB R

A5

o

P E RS20 E S22, SFE &)~ b T LI~ B 5 BE -~ 15
HEZRBFFDPFT U ELHE R e g BERRTEE S 20 Fm2)k 1 E G

R GEMEDE 28 R AR B HFMm2)EFETE o Ar Ba F 7 BRI

P

EAPpPe RSt s BRSNS s 22 LW KT RE 5 F(al, awi) >
HBERRET LR REF AR TR F BT 4™ & & 25 957 o 387

N TR S AN S TR IR AR if}?% %5 ~80~85 & 5% &% ~70~80 ~
8% ~ 60~70 & 5 & ~ 50~60 & & F: o @ EEWH-HI P -4 = ¢F #udrif 2 3R
W22 3mh 332 AR rEY PR ARG EFILTRHY -

%

-
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B 2-6 7 REFERITFRERFBELR B LR

SERAFF R EE FERRS 2RO E TR

.......

Wzzmm e I Nwe

( HRkik: 2L 2015: A4 %)

%25p%$€%%?%$¢mﬂ+*%5ﬁ§*ﬁ~ﬁ%%

e FESCEREFAPIIF RBe B B S | 2R
] %G ﬁ (ai, awi) 4 Hc(HI)
R BRI ST SLEE 34 & 1.0
%*%“i%m‘iﬁ 1.0
FRALT TR 5 0.5
AEEREZ FANEAR S22 Ea 0.8
PPy ok _JARRVoRESELER 0.5
B2 REESF R G EG 0.7
B2 52 B EIESFELZIE G B 0.4
FRBERGLEANEARE 2B S 1.0
FEEERIE S S o 0.8
FEEREZFRSC2ZHE L e 0.5
%ﬁ*hm%“vﬁ“*;ﬁ 0.8
PR iR 2 2%k jmg ~ B2 B~ B e R s 0.7
£E7 (FmUmqowmk) '
Pﬁ%?i7%wf% 7B o~ s B B i R
¥R TS ﬁ?iéﬁ(‘iUE<MHWﬁm%W%ZQiﬁ 0.6
A E &
fRd2 2 F 2%k 2 5% ~ B2 B~ B aw &g s
ﬁ;&&i(' U &<3.0 Wm?K)4egt 38 ~ 35 0.2
L35k PC o2 Y
FERBF IR RILA R 2R ETE 0.4
PRk %% Fried22 4 & & B 0.3
b A g 8 F] S HoRAY b NG 0.2
- BHrd2 R ETE 0.0
- A2 2SR A R A kG 0.0

(FHR&R: 2P HR)
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E _—(;‘_ Bp 2 FLW ;zLF‘b"-J'J'_*T

223 P AERAFFEBE LN TE M L (CASBEE)

pAp 80 & NisH iéi%i‘*?ﬂ'\'ﬁﬁfé A B R TR F T L AT
FEAFEB w92 > @ CASBEE (Comprehensive Assessment System for
Built Environment Efficiency)f| ®_ & p 2R3 2@ 4 5 A A HTHNITLp A&
FEATFEH 2L o n 2 ARBRFFETR LT LA €3 2001 £ 4
o> s 2 (73 _CASBEE i 3tz 1 1% - & CASBEE 2. + % ’}#T % % CASBEE
for Buildings - CASBEE for Market Promotion (2016 # :z = CASBEE for Real Estate) ~
CASBEE for Urban Development - CASBEE for Cities 2 2 CASBEE for Urban
Heating Island % 7 f8 2 f b2 2. 36 k5 97 b ol 8735 o

CASBEE % 753 % 50— 2t — A B4 TR 7 » = TR 4 b 218
¥ ¢ BEE (Built Environment Efficiency) i& » 3# 8] 4 2& = T8tk ik en- F 4 2 4
BREGADE 2B pREFFR oBEE BEd 2 ARBE ST Q B
(Environmental quality of building) 4r‘ niEHEZRB E 7 L @ (Environmental load of
building)z- & @ & » 4o ;N ArT o

Q(Environment quality of building)

Built Environment Efficiency (BEE) = L(Environmental Toad of building)

CASBEE i fdpth > ¢ Bt 242 QEu s L s ik mE3
P FoREETEECBEE B RASZATR IR T REE TS LT Ko

do B 27 #F o

N BEE=3.0 BEE=1.5 BEE=1.0
2 2 N
=
=
‘s B- ¢ : Ordinary building
= ® . , o
S 50 o V'S - Sustainable building
= o *
S s R EE=0l5 (model case)
o joxd A
E ) +*
5 .. ..0
= B o2 C
iy -
S o
0 50 100

L: Environmental load of building
W 2-7T P #BEE B2 %2 PR S 52 {HRM %
(F# %% :CASBEE Urban Development 2014 manual)
7 B A BB S A # g 2 3% §_ A CAEBEE-Urban Heat Island 3= %

SR BN AR TR IR AT B 2-8 4T TR FRT 6 2 R A
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B2 FERAR AR R R AR P RRERAL LB RS E
A nt FRee Rt e AP 22 QEME Lig s #3fRph
BEFENEHWHGER MG XN FREFE TR o
Ok Lk
pp— I'u 5?@5&1%: {Ta e e _IT
AERABORO M
, - rar) Ly, : RBEAZMA~D
(C.V.) i "!M"mt&mi g REZm i E—FrFAS5SFAR
: JHHE
LIS 181 1
ooo 585 22
- . REMEEH e
oQog
LIS IS ]
- - |
. n

W® 2-8 CASBEE p %}“’:‘?;K‘Fi FhEE2 AR SR T AR
(F# %% :CASBEE Urban Heating Island 2010 manual)
MbRER A T 0 ERAS RS ””iﬁ’ﬁf FHFRHER o F-T-I" N A
i*ﬁﬁiﬁ%@%’ﬂﬂ%ﬁﬁé FEHFAE CFREXR G AT EARER
IR AR R R R FE RS H AR G LR

FTEOMPrRE- BERTEFER GlheTR F B S EREE Y g S

?z\*

BB S - RRBRLER APE B EN RRERRA D SIS AP 2 -
R PIRE FATR2L -

CASBEE-#13 # § 4%+ 2350 p 5 40

ArERhiERL A YR EAFPEFARL A b LG RIS F
WY EHR RS AEE L FE AR R R BRI A AR 2 R RET

7})419 7,\1}/(71\-1-2\4“_,",_1 r%‘l‘é‘}kfﬁ ﬁi::}jiE.JwE‘.f’r I-xpow‘.f’r‘m'r* élb%IE I‘E
%?ﬁ“%T%26‘ﬁ¥?ﬁé’é@*%im@4§ﬁ@«mn@rﬁw@
%

(w

H'

E TS tm s B2
EFFwm G

SRR - BT [ AEREE R RERALET Y
APRRGFEENE FHFEFNRTATLAPTE» P E 2L -
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4o £

PRI

FEHIEP PR

Qun HFZ R ~
£ Nl

1A 72 B2 R k3
248 47 B e HRd B SE

LRypp 3 B K3
AP EES

Lz apel 22k 033 g E o™ b %5
2HTFLERDEAL LT

2B 3ZEAY B REEPEE
Quiz L X7~ | » 3AA ~ BEFREER
EEfRRE R
Quiz FHZHAPN | LAEFe naiFigd ~ K7 R 2R
chikd 2R ok | 2.5 % &5 & R P SR BRSNS FETREL A 1
L

LRypz # o ##
A AR

Quua #AH 2%
B e

LRy 2 # 7h &
R AR B g
EE R

B PR M R T

Quis 2= AP F0E
BB o F
HHLEZPERE

L

—

LB BHLIRFELTI B K
288 B K E Ardhlp o T E TR

LRHI4 /)Ek‘ b #‘5 a
FZERARA
Fos e

. DLZERFIRBIE " BB B
B F R KA
Y e
—f]?rd,—g;}‘ﬁ‘ﬂ\
B

2

3 FETEEERY

4,

5. &ﬁ;#\%m‘ﬁ&‘aﬁﬁﬁﬂ”
6

7

8

ﬂnlr

B AR R
ﬁ'_ﬁg #Ri B ;}*

. BEE R AR

9. ’f’]“#\ﬁﬂ Nnbﬂﬁl(v@% e A

10, FU* & A E £

1. Aok AL s 9]

12, AR~ sy TRz

13, vk AR ¥

14, ®BEA 0852 BEuvz

15, B s AR ansed o frdllE B+ A

16. BIEAFREES OFTE L T3 e X @

R

VR A

(FH Kk 2% K2 -~ CASBEE Urban Heating Island 2010 manual)
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3= H 1- R AL EfrR SRR 2V ETERAY

2.2.4 % R%:E 12 ¢ (LEED)

LEED ¥ % B4 515 ¢ 12000 & 3% = - 5 a2 AEA 0 4 5o % 12
EREAE I IR P EARFH B 5o 4 R 4 2= e (Sustainable
Site ) ~ * -k»x (Water Efficiency ) ~ it ##f-+ § (Energy and Atmosphere ) ~ 41
#feF & (Materials and Resources )~ % f %3 & & (Indoor Environmental Quality )~
A 7ok 3+ 642 (Innovation and Design Process) ' % % %% i £ 14 (Regional
Priority )o B # % % w %< LEEDv4 - LEED ;=% 3 P ¢ & = & & 38 p (Prerequisite)
3 183 P (Credit)) w B8 P S F N2 (52 ZREFEE; FAHIED R
L s AT LEED ¢ EEF S % LEED FA s P - £ 110 ~ > {45 H 7
B2 e T R 27 2 A B

% 2-T7 LEED # & & & %

NS A f i3
B 40 & & 49 &

EANC 50 & % 59 &

AN 60 &~ 1 79 &
v & & 80 A 11}

(FHR KR *= 3 FE -~ LEED =& £ 2014)

LEED % ¥ $f*3 & frafhenip % R RFHF eSS A 6 - ik o
Sustainable Sites (SS)p =7 Heat Island Reduction > %38 P 5 LEED 3= 3 p ¢
@AMR P EATAFEAPBE 1AL 24 E A < LEED 317 # § 2R & v
&%Fvw =S ﬁ*#?ﬁﬁa%ﬁza#’ﬁhyﬁia#oaﬁﬁai

K PIF B ER 4G ~ BEF BT~ AF £4 0 & 5 1P SF 55 (solar
reflectance) » i > ML T X B I S0 § 0 LR RS B g et e B Y
LI A ﬁjﬁﬁ'{gﬁhﬁ TA RS ERIFEEL LRI ETELE TG 1R L

e d F e 7&1 °

T FER Y SHEARETRT # % FF WP £EY
BEP SR I aFE B F s TV BEARERE RS N EE SRR v
AlFEARNLLEFE o B RELSRAT LG f_ﬁ_;\:_}ﬁa‘g—éﬁ_;—;g.]ﬁ_o 2t B 7R Rl
R4 e EH 7@ v Sl & L8 B 5 S 4 6 o AR LTSk

oI AAPRBOFGARBELE S AT FOEAL - o BD FEAIPR
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Sustainable Sites ¥z 78 P p 7 Heat Island Reduction J& ¥ 2 4 2_ & # -

EQUATION 1. Standard nonroof or roof calculation

Area of Area of High- Area of
Nonroof Reflectance Vegetated
Measures Roof Roof
+ + = Total Site + Total Roof Area
— Paving Area
0.5 0.75 0.75

B 2-9 LEED-HI 3= 2 3

(F4% & s :LEED 3% < ¢ 2014)
FLHBEAR A BL T %%dfmmzlmﬂ%aA«x L5
R R Rt SR L Tl R

&g

PR TE R %ﬂ%%m?ﬂtﬂ’mwiﬁwgt%’%ﬁ?ﬁ
A F SRS 5 SR G PSR SEF ISR G P ME MRl BEFAD
FORPEAREE P EE 2L e

EQUATION 2. Weighted nonroof or roof calculation

SR of high SRI of high
reflectance . reflectance
Area of high nonroof A Area of Area of high roof A Area of
reflectance X other nonroof reflectance X vegetated
nonroof A Required SR measures roof A Required SR roof Total Total
+ + + = 2 4 Roof
Paving Area
0.5 05 0.75 0.75 Area

1. Summed for all high-reflectance nonroof areas.

2. Summed for all high-reflectance roof areas.

B 2-10 LEED-HI 2 % % 2 58
(g#%%mmng%iwzmn
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PONZ B 2B o g F RO R SR Y 2 2 AR B L 30% ~ 50%
% 70% o

Fokapo gt TE KGR e R e S ke e s LR Bk
ﬁﬁé%%w?é$£?ﬁwi%§%\&ﬁ¢ﬁifioﬁri%£$
HFoafitt , ol kifo R
BB S o TR 2 = fAoRK

(w
A

<

o -#\4\
«;
T
=
‘3
QA
=h

(w
=
=
A
4y

A
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# 3-7 T+ 2 HokB2 T

wymp | 5T N | g g | g0t gk
SESEN S § AR | TR 8| T ] T e s
B & (m) Iy " BAE G AR |G G A
F ks A B E H I ] L
i 1 2 5 8 9 10 12
ki - 10 0 0.1 0.3 0 0 0.3
3= 30 0.15 0.3 0.5 0.05 0.1 0.45
3 = 50 0.3 0.5 0.7 0.1 0.2 0.6
(FH ki 275 BIE)
A A
RIMVES
W 3-8 kEHRESRERELZ TR
(FH kR hFm A7)
BFT A KBRS > HERE R T A 380
% 3-8 M3 kR
Rk R
ﬁ T 3o J’w? e 2 o in":”j’ﬁ i 37
S5 — R Ty bk g g k¥ ke m | )
PR g TERHERET g | e |7
1 10 0% 0.1 30% 0% 0%  |30%
2 10 0% 0.3 50% 5% 10% | 45%
3 10 0% 0.5 70% | 10% | 20% [60%
4 10 15% 0.1 50% 5% 10% | 60%
5 10 15% 0.3 70% | 10% | 20% [30%
6 10 15% 0.5 30% 0% 0%  [45%
7 10 30% 0.1 70% | 10% | 20% | 45%
8 10 30% 0.3 30% 0% 0% [ 60%
9 10 30% 0.5 50% 5% 10% | 30%
10 30 0% 0.1 30% 5% 20% | 45%
11 30 0% 0.3 50% | 10% 0% | 60%
12 30 0% 0.5 70% 0% 10% [30%
13 30 15% 0.1 50% | 10% 0%  |30%
14 30 15% 0.3 70% 0% 10% | 45%
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ERAHY L EIoR FEARD LR OLE R

15 30 15% 0.5 30% 5% 20% 60%
16 30 30% 0.1 70% 0% 10% 60%
17 30 30% 0.3 30% 5% 20% 30%
18 30 30% 0.5 50% 10% 0% 45%
19 50 0% 0.1 30% 10% 10% 60%
20 50 0% 0.3 50% 0% 20% 30%
21 50 0% 0.5 70% 5% 0% 45%
22 50 15% 0.1 50% 0% 20% 45%
23 50 15% 0.3 70% 5% 0% 60%
24 50 15% 0.5 30% 10% 10% 30%
25 50 30% 0.1 70% 5% 0% 30%
26 50 30% 0.3 30% 10% 10% 45%
27 50 30% 0.5 50% 0% 20% 60%

(FH R 2Fm g )

1

e & HRFBEL HE

AFTF 2P LB f# srifiﬁiin—f*&? BEEREREG LR RE 0 A B
FEZ R EMRFYF L LRP EFHFET T A SRR 2R
A S o TMY3 A p o e AP EZFRBEDET AR
BB AL AMA R E R R PET (75 pE 2 itk - WA A
P2 P BiEde™ L3

Lo Boodts 24 7 BEHT2 TMY3 B

PotE ~ GeTRE R CAPEHRAR C R EEF %

2. & pP-p R(8:00 % 18:00)&pF2 PET 3+ & # p T35 PET -

I A 5 S
& 2y ixpF2 PET -

3. @E AP FITIPET A 3% % TPET ¢ 4c—  PET -8 £ 2 #icp >
AP FPETEARAL P SE AT 20 o
4. MEPPHELEERAFERFP P2 FEPENE T2 AEP >
FEETF P RALZELN TR 2ZPE S AR FRTY AR X BITER
KAz p ALt ip o
BRI SBIRE S 2 T2 P 2 p o8 28
26 p o4 § P2 pEsESH (B 3-9) 2 p B2 PET # # (B 3-10)#77 » @ E p
PELLE8P 2P P2 FE P SHEEPET & 4ol 3-11 #7157 -
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i + R %151 ‘i“f‘f’i A’*i&ﬁ"l 2.8 it F FLIPIH;L‘

¥ 7 & ENVI-met % 3 5
341 BE1IEB A

A&7 74 ENVI-met v4.0 #8155 T e S By 2 1 £ 1

o ENVI-met # - = ‘2 i 2. ’W FRBHHIL E > IR R3] (prognostic
model)# 48 » & % J /£ B4 ¥ Michael Bruse B 4 >+ 1995 & » 12 0.5 2 = 1 10 =
SRR Z R RITR LR B 10 £y 2 PR IRAT R R HCEER T RELY h 4 IR
B Ao ~FE Rz F B3I BRERAIHETY > F - T gd R
4 B (CFD) 7 A# B H kB e 5 f8 - p w4~ 5 4.0 5% (Huttner 2012) »
1) AR R HCR) A ST AR TE 1S 0 L R A SRR A R ehg i 5
Bl R At i oo TE SRR N I8 F i e % o ENVI-met i £ ¢ % R
FOFREIBETER LT R E rEHE RS Y R DR S
B FEEATZ R 0 A iy GHRBEFEMEEE P (F 3L ANF FERE
SR AL E oD BEIHROIAEL B ) F P SRR (RS EMEF R 2
FAF S eis 7O M 07 TR GE 7 O - B o™ % (Bruse and Fleer 1998) o
ENVI-met # #9i& * & S RE2 = @3 A 8 A 2 2k B8 k24§
Bz Ao i) £d Bof chpfrled g F7 ii?#i@‘%i%lf]ii—’&;ﬁ}&ﬁﬁﬂé i
B (Ax*Ay*Az)» B? z$hv7 UL TR AW F o  @EF L RBRERDOAZT
B RER o R Al e R e A MBS R P R o ENVI-met ¥ 14
B T ?Eiﬁ'lﬁa?J Mz F i F e 7 (Bruse and Fleer 1998) : h i %2 b v ~ 3§ £ A&
AIEERCZHFBEZIEBRE S FEFaRRAEEAGH S §F W2 RBIFK
BT B 3-12 8- Mol E FIR I FE AT REL T R R R
]+ (Russo, Escobedo et al. 2016) -

1582 2 2 e ENVI-met © 58 A s * 50300 Bof % Tk ahiog )
Ali-Toudert % 41 * ENVI-met 3t 7 87 E(BRAREFER T3
E S Ifﬁfd ﬁ?] Meng B s b 3 E 4 X208 B B (Ali-Toudert and Mayer
2007) - N.-H. Wong B[4 * R74c st + 0 + & E%*]ﬁig?l > ENVI-met > it I & F
S G P REFE A R R Bl T KT T R R R e d )
(Wang, Tenhunen etal. 2005) - ¥ — & #F i & = FUERD Hag 0 H BRI R E IR 2
7 0 2 ENVI-met 1% 3 ficki &~ $72. 1 Z (Russo, Escobedo etal. 2016) - B 3-13
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) ENVI-metﬁ%ﬁF\iﬁ%_%i’ﬁﬂ’.;’H# CHY AP ER o FAES 2

ERAIHEG EFIREF Y RREIRE BEHIRE S F T 2T (B o

Simulation 1, 16 Jul. 2010,

Wyodsn2

Classed LAD and Sheiters

-

Existing situation -. ENV"I—mewtlsE'inl)'nulali:n
B 3-12 v+ ENVI-met ##g 487 2 = B 2 BHRF AL F 2 0]+
(34 %% : (Russo, Escobedo et al. 2016))

Input data ENVI-met Basedata Simulation Output Data
Global Databases
Main Configuration File and Settings Main 3D Output Files:
(CH ~AT...: Atmosphere
Plant Database .FX...: Surface & Fluxes
(PLANTS.DAT) ..80...: Soil
Area Input File = Soil Profiles
(.IN) (PROFILSDAT) —>| 1D-Inflow Profile |
definees
* Buildings v
-Plants Soils Database 3 Receptar 1D- Output
*Soils (SOILS.DAT) - Time Series Files
- Sources - Snapshot Files
*Receptors
Sources Database
Simulation Files > (SOURCESDAT) > —>| Data nk to BOTworld |
Simulatiion specific databases
-Plants
- Sources —
adding to global databases — ENVI-met
Model
Additional databases V3a

W 3-13 ENVI-met %ci& ey » ~ g N EJ 2 4E2 B %
(FH &k 22§ FE2)
342 AR B IEE R T
17 ENVI-met 5P » Hig 2 BFp 2 244 i x By 3nd | o
S R, A RISz S 02T U TE - BRI I0NT U UE
Pt 10%2 X E FPpL et N BT EE T T reE LB L 2 T

BB AL RF R F R ERRDPELE  ER M2 AR
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:ﬁl ’J’J’K"ﬂ é‘l‘% ifrﬁ Aﬁ*i}iﬁ—“ 7 :-E it “{3— leplﬂx

BFHERT 8B P4 s R B RENE R - L 2R
ZEBEFTHULZEE ALY o REFF B REFAFT P ZER E
B p SR 2 B~ B IR L ATURTE R F i TR R R P 2 F Rk
fa i R EINA IR ] 2R/ p PR MR GETHEE S 028m/s G dhe iR g o 0
BRSO R ki T2 ABBFR-oa AL FN t &3 BB 2 2k P mEH
Ta® 2 S 8@ R iod 3-9 #07 o

3039 EEmREA AP RER

s g B i
% & (m) 0.2
15 BT 0.6
5% 5 ¥ 0.0
, oo BB 0.3
" % oo B b 0.85
v A (J/kgK) 791
# 8 E % #i(W/mK) 1.4
% & (kg/m) 2400
Foo F 0.25
R F A (m) 0.1
) 1 HR1TIF A& (m) 0.1
g2 '
E 5 A 4p #(LAD) 3
% # % & (LAD) 0.3(10 %)
125 4% % & (RAD) 0.3(3 %) 0.2(3 %) 0.1(4 %)
RHE ICE N
B 0.2
k8 & (m) 10.0
6 JERL SR i‘%f}i(m) 2.0
% f# 4p #(LAD 16.3
e 02 &) ~2.18(6 %) ~ 1.72(1
R RALAD §) 1501 %)
15 ff % & (RAD) 0.1(10 %)
FekEF & (m) 0.01
£ b Fm F b ZFFAE L 0.1,0.3,05
RS ] 15 s
B ok&EfrRk 0.482
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W

Pz F Y0

N 0.367
k4 18 % #c(m/s) 10°
#% £ (J/(m°K) 0.66
# @ H % H(W/mK) 0.17
B R e R 0.451
nfFz kg 0.24
T2 4R k4 % d(m/s) 7
# % £ (J/(m’K) 1.212
#1034 H(W/m.K) 1.05
ERAT 2 ) o R A (m) 0.01
(concrete pavement o KB 0.2
dark) T 0.9
Ap bz 2 FekER K (m) 0.01
(Pavement(concrete), Fe o KB 0.4
used/dirty) o m AF B 0.9
FekER R (m) 0.01
L d S ®FS AL 0.1,03,05
%0 3 b 0.9
Cida B X ’thﬁ'fv)i 0
Bz kE 0
kA i (m/s) 0
# % £ (J/(m’K) 1.898
£ i E 4 H(W/m.K) 1.63

(FH &k 2 FE)
GRS EER S R P SR LS i) s
3.6.1 & TIFRIF; 2 R
HiE i ENVIemet 3 & sty SBF %3 F2 0t - @9 E T4 p @7

2P)ER AR F BB TR 2T iR R 2 T R AR B
Bl W e R LT R EE - RblAM A - 1 2% A R 2 BTRE
TERSD B FEfrz sk S BEF R b2 Tiop A AT B3 ¥

ER TR LR THET FEET)R 2 ARBFARE S &
BT T FIR R (Tao) « 5 7 4o B4 (8973 & 2 483 A R &4

TN AR E P L TR (4T N 32) B A A B L (T N 33) i Tt o
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3= H 1- R AL EfrR SRR 2V ETERAY

23

Z(Tas,i,t _Tao,t )
ATa =2 (3% 3-2)
24
ATa, =max(Ta,;, —Ta,,) (3 3-3)

P TaliZf#BA ) THRICL5IBERE ) TEs B F 2RSS THRo ARER
ZWHES D TELLAADPE P ZEEREY

2 b AR 2 AT AT EY A4 2 Es0E R PET (physiological
equivalent temperature)dp #%& {7 ¥ 3¢ - PET & % ¢ Hoppe #% i (Hoppe 1999) » #

AR B T HTOIRT RS AR B MR T Y L AR

Wi

ETIRS

[
BAP BT AR £ 3R kdy i (Lin2009) 0 H B =2 5 B4R % LOCo
FEPET Z ¢ 527 EA - HRAE ~ Ti5igsE A (MRT)fch & $8dh >+ F
RS R

Y FeoT o K EFHRERE AP ’PET#FI*E"E[:%@—% TIRRE F e B R

7 & fe A #E & F] % (Gomez, Cueva et al. 2013) - Tseliou & 4

£ i& (thermal sensation vote) (Tseliou, Tsiros etal. 2010)  B* + = 3 A& ' F &
M bR 2 AL R A58 0 PET it 5 32 4318 0 BN 0 PET 2 2 ;@
v a AL 22 bR F(Lin and Matzarakis 2008) > 40 & 3-10 0 4p ¢
PET>34°C p¥ T | %_% i #1 > F|yb 247 1 3£ 8 PET 1% S 4734 = H fudrag 2 75
TR A RS R LT SR TR E ARG v bR
iz gk oM - PP OFAERZ AH O TEF Aot 34 pp o Bl L pp
£ 5 4 A2 PET R 34°C (83817 B 4e o M T2 Bed A28 o ptoh s
EREF A BRI T o PIE Ng A BRI F 2 (APeeTi) X A 7 o
438 325 rom o BB (83 4 B F(PET>34°0)2 # % (PPET,s,i)alr"‘,f HOB A 2 i
# 4% % (PpeTo) °

®,=> w x(PET, -34) & PET>34°C (3% 3-4)

—P

APPET,i =R PET .0 3 3_5)

PET ,s,i
B @ i-pP2BREAFE I PARAPETM4C2Z A4S THRIAA¥ I PR T

BAR2HeSs ) THhos BT S Tt NApyp2EREY-
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Sz mc

BT SRR A TS s BT R BT S 346
S E REEENT B E R E LIRS (ATe)  HE S B R BT AR (0)2
TR LR S R L (APeen 2 TS > e Y 2 R ()
wRERAR T VLB E AR A T Rl N 2 TR RN T R E

{ATa, O, APper}=f(T32:2 B B ~ 2 ¥ g A R E ¥

P L AR TUNCFI NS T SN

;4 3-6)
Z 3-10 o+ 2uH PET #4653 F RV R
Thermal PET range for PET range for Western/Middle
sensation Taiwan (°C PET) European (°C PET)
Very cold
14 4
Cold
18 8
Cool
22 13
Slightly cool
26 18
Neutral
30 23
Slightly warm
34 29
Warm
38 35
Hot
42 41
Very hot

(FHR KR 2 EE)
3.6.2 A EXH2 BEX
AFEFMRHRTHZ2ZEILAEFELE T FOBRBERFFF ARG 27 kL

FARBR R LT B LR RER A 0 50 AT R IRE
AREPEERLE &$vrﬂu£%*ﬁﬁ§iwﬁiﬁﬁf T S

BAPI A A R R T L B0 S o I 7 RS

@
N
:ﬁ
|
S
Bt
ha
I

43



S A B G E R FRARS 2 R REERA]

PRE2ZAH ML E DIAPHR A N E RS EE R E R BT AR
BE K R U ATa kA A o m - ABF B2 RG> AET TE S

4

R L ey &

B0 4@l 3-14 907 o @ oh B A ¢ (200m x 200m) st AN B % A AR 2 i R K 3 R

iR 2
Ptz fre B (P 4 100m x 100m)2 T 3 5 I 6

£2 2T BROIZHHEERAPR > $ 5P Bk A 14 R RO 0
B A 2 R

) 200m )
7 7
s 100m "
N A A
¥
e TR R
ji==d
AN
E £ EEF 2B /
o Q
ET
b

W 3-14 #E* 2 A% oimE A L
(FH AR *Ff ER)
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%U;T; 5’2‘ ‘_H'Z{l}i"F\“?f/n_ ’:4/1/\*7

Frd FEAXRVTHAL P ERRE A

BEE2TBE A2 KPR 1 BA A% |2 ENVI-met fidg s - A8
THRBE - 5] 1.5miTH A2 ke D ERE RS TR T BT
Z AR RS E B TR s RERL L RERIER H
BE SR iE T ol 5E B (MRT) % #cq i T30 b prjEres- B & pF T 2 PET-
Mo — ] PR 29T LR R FTORE T T30 BB iR pE 2 T30 F (Ta)o o a2

BHERZPPBLIFERT IR k24 LR FEEP PR ALY
2 BEA AR F AT AR W RAP C R AN R
tug B Rt R/ SRR

- & p FEERERE

PREZFEE G RF e B2 R TR EFERZ T B 1l 1
16 PEp S ip 1 2 B E2ZPEREFTAI o PR ENS22 T&ES 2504
1 162 T3 FERRI ARIPBF2Z T2 588 AT 27
B 2 i RA2 27T BHHREOY 25 i Bx0] e 27 BHIREZ 2 ATIH A7 3
PER 2 T RFF(FRTIBEABR S ZEOFAREST AT H 0 HTIHF

T INES E"f’lﬁs%fﬁ;é\iﬁ”‘?;f;ﬁ”’}i@‘i LA 2 w1F 3 }\ﬁa’\i\i;fiw 2 73 élff—f)

N RS

BERP 2 RS FT(ANOVA) » #1E SR 40T 4 4129 4 001 BHF
B2 PHET 33 TH2AFR -FEPEAREF A 140 % T0F 550
FEEFEe BRI IRBAEFL Hale BRIHAT EF2 958 4
LEFHEE R (AT TR B 5 23.4% ~ 18.4% ~ 22.2%% 30.2% > 4]
441ﬂ;ﬁ&w@@,u¢ﬁ—‘%%,&«’lhéﬁaaﬁAlﬁa%i
PFE R FASRFE A2 S kg e kMR i BEE G R
FARET el Bl B ket B p o Bl stet P H PR SRR R e A
Bl 42 Pl 72 BRFREFRFIHREFEFEL 5B TR F

2 S BORBET LRERIT R A FRY
LOREHRRREEERE (AT 2c % B yod 42 9577 o R 27 B % 62

27

R E LIE 5 -0400°C - Fpt g £ 4

SR B HE ARk e @ ST ]S

B —_

B L op BREE s E 2 SRR
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BEAEET BLE FRERAKD LR RE TR

Ngo N 4] 7 o H L B F)F R ET 2 Rk AER R (N 42 5 4-5) 0 kB b

L ISE A 7 AR R R o

% 4-1 PRESERS2ZRBREATE

i S(E > )| d BRIV(RAFF & |F R (0) B F A
1T 3522 4% & (m) 0.1847 2 0.0923|56.82 23.4|**
23 B ARES 0.1454 2 0.0727|44.72 18.4|**
54140 % Tk BF 0.1745 2| 0.0873|53.70 22.2|%*
8.2 ¥ % Ho 0.0147 2| 0.0073| 4.52 1.9
9.7 & vkt e v 0.0028 2| 0.0014| 0.85 0.4
10.7 3 eh% K4 & & f4 | 0.0052 2| 0.0026| 1.60 0.7
1242 jr 5 0.2378 2| 0.1189(73.17 30.2)%*
2 3 i (1X2) 0.0105 4| 0.0026| 1.61 1.3
2 3 i (1X5) 0.0059 4/ 0.0015| 0.90 0.7
Error| 0.0065 4/ 0.0016 0.8
Total| 0.7879 26| 0.3882 100.0

o0 (kK R A.01, X G w A <0.05)
(FH kiR 27 g )

35
30.2
30
25 234
22.2
= 20 18.4
1
= 15
10
5
1.9
0.4 0.7 1.3 0.7
0 = — — | |
5 w % 2% i D 2\
? & \:;( & K *{x\, @'»k\ o° A \""."'/ &
i £ (3.' @ P % Q\\‘ N
B W & T o P & &
o8 g_xv 5 g \k \'f‘” N ‘ ¥ NG
5 5 : ¢ ¥
P P 59@/ o N N 57 4;59'
\l>< o Y W , ““’3;’ 97 P
2 b -
Y- N

W41 nR RS REREL TR
(FHR LR AP ER)
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B R BERRFHA P RERE AT

0.20 0.20

0.15 F 0.15

010 | 010 |

& 005 f / = 005 |

* 0.00 : : *0.00 : :
2 ®

3 -0.05 F :'; -0.05 F /{

0.10 | -0.10 }
-0.15 | -0.15 }
-0.20 -0.20
10 30 50 0 0.15 0.3
T332 B 5 E (m) (b) e G AR L E
0.20 0.20
0.15 | 0.15
010 f 010 |
& 005 | / & 005 |
* 0.00 : . % 0.00
-0.05 F / ; -0.05 F
= 010 } = 010 |
015 F -0.15 F
-0.20 -0.20
0.1 0.3 0.5 0.3 0.45 0.6

e

A T4l dn & - ¥ R4 #
(d)
B 4-2 p F2 5|3 "% 8% B
(FR KR 277 FR)
2 4-2 2 F)FEE k4 (P )
FF sk 4 (8 = 1 °C)
pRE-Ti5 -0.400
F+ ok & k- RS REZ
LT3 A% B A(H im)** -0.111|  0.024| 0.087
2.5 ¥ chE AR E K B -0.069| -0.032] 0.102
S.A LG H T IOE b CH* -0.095| -0.006| 0.101
8.5 H % Ko £ D 0.017| 0.016| -0.033
9.% # k& 4 E 0.000 0.013] -0.012
10.7 3 % k4 & & #4 F -0.011]  0.020] -0.009
1245 i & G 0.118 -0.007| -0.111
WA 0.000
(FR KR 277 FR)
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i f R AL EfrR SRR 2V ETERAY

PREERE ATa = 04+3 52 B3 R(A)e k33 § 4 R EFFB)imcd+

AL e % TR & F (O sk +i& 5 (G) it % (X 4-1)
2o

0.0068x, —0.1788 %X, <30m .

£ 7 S 2 1B (A SR = A oA 7 4-2

FHRRREONIR {0.0031xA—0.0703 X, >30m 7 42)
0.8916X, —0.1660 %X, <0.15 .

7% 1 B K 7B 25 % (B R B )= g X 4.3

EHBARERBIRR= {0.2473x3—0.0693 X, > 0.15 (% 4-3)
0.5369%. —0.1671  ,#x. <0.3) .

T4 T S B 3% (C) Y% — C >Wc N 4.4

AT I P R AT (C) YR {0.4464XC—0.1399 Ex, > 0.3 (z 4-9)
~0.8387x, +0.3701 & x, <0.45 .

H R (G R R= ¢ PTG © 4-5

B (G) HORR {—0.6915XG+0.3038 JE X, > 0.45 (% 4-3)

B IX=TEauE A B E(M) s Xg=5 F PR AREFOP 1 F2HiE > & F]); Xe=4 ﬁ?“ﬁl 2T

E HEF0 D)1 B2 8iE » & %) 5 Xg=i& ,r—f‘(() FI1 R 2 #ciE > & F]0)

AR . AKX S o
o8 RFEEwE

SRR cF 23 P20 3 24 g XI5 p B2 RPN B B
FREPRFETOEELAT AFERPD 20§ B REJL2 2 A E W - & 4p
o AP R R Bop 7 P2 PFE o 5% B BA $7(ANOVA) » #7i8 &% 40T 4 43>

e 0.01 2 T T - '””ﬁ THREARRE FFNFAREFNEERFE=
BEISHRFEERELIBRIEFE > R EFF 2T RAERS L 11.6%
68.9%% 11.4% > 4@ 4-3 %77 - ¥ T e AR EFSF | £ 2L w42 24
RENGE- S22 FRAE) LTAF P FARIFHER LR T LR il
FHTRAETZEFBFIORNZE APRFREEARTERY QTR ER
PrdkodBA R A I HEd 2 P RS s BERF ST RF A RS D

Afg s 0 Flt € 7 WP R EERE o
Bl 44 87  ZBREFHFZRFHRTREF L9 E2 5B ERA
oSOk BT LR AHRMIEE A FERFL R CHES FER ] T

F2 LR B ERE R E(AT)2 vk & Aok 4-4 907 o FEAE 27 B % bl
2R RE LB 5 -03167Ce Flpt ik dp A 44 IR L R EECE 2R
23 Aest 4-6 T o L R A R T 2 on R SRR (50 47 150 4-9)0 R R

v iaE bom F SRR e B R R o
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B R BERRFHA P RERE AT

# 43 REFRERF 2L REELTE

i S o)\ 4 R|V(REEF & |FRARC)HFRRE
1L 2:2 A % B (m) 0.1567 2| 0.0784] 19.37 11.6[**
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