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Abstract

With the increasing severity of the urban heat island effect and climate change, the
energy consumption of buildings is also gradually increasing. To effectively mitigate this
phenomenon and achieve sustainable environmental goals, the thermal insulation effect
of green roofs is highly valued.

The main objective of this study is to investigate the thermal performance of green
roofs in the climate of Taipei. For this purpose, three green roofs with different
maintenance levels (zero maintenance, low maintenance, high maintenance) and
vegetation were selected for temperature and heat flux measurements. Additionally,
analytical solutions and half-order time derivative method were employed and compared
with measured soil heat flux values to evaluate the accuracy of the models.

In the simulation part, half-order time derivative method approximates well with the
measured values, and its estimated heat flux can effectively serve as the measured heat
flux for green roofs. However, the analytical solution cannot simulate effectively, and the
higher the maintenance level, the poorer the simulation results.

In the monitoring part, the research results show that green roofs with a higher leaf
area index can significantly reduce soil surface temperature compared to cement surface
temperature. Furthermore, about soil heat flux at the bottom of the green roofs, except for
zero-maintenance green roof which still has heat flux entering indoors during the daytime,
the heat flux for the other green roofs is predominantly leaving the indoors throughout
the day.

Lastly, a cost-benefit evaluation was conducted, considering the initial cost and
maintenance cost of green roofs, along with the energy-saving benefits provided by each
green roof. After performing calculations using experimental data and cost data, the

results revealed that zero-maintenance green roof had the lowest cost of three green roofs.
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Soil
Ref. Location Type Plants Thickness Results
(cm)
Amplitude of green roof
Tartu, Sedum acre 10
[1] ] - surface temperature was 20°C
Estonia Sod 12
lower than traditional roof
_ Compared to gravel roofs,
o Hylotelephium
Michigan, . green roofs reduced heat
[2] EGR Saxifraga 5 o
USA transfer by 13% in winter and
Sedum ‘
by 167% in summer
Artemisia
' The soil surface temperature
Satureja )
Athens, _ of the green roof is 15K
[3] IGR Origanum -- )
Greece lower than the conventional
Lavandula
‘ roof
Salvia
EGR grass-herbs- 12
Vienna, The thicker the soil of green
(4] _ IGR succulents 20 _ _
Austria roof, the better the insulation
IGR mix 30
Compared with EGR, IGR
Sedum lineare
Nanjing, EGR 5 made lower cooling load in
[5] _ grass-herbs-trees ' _
China IGR . 35 summer but higher heating
mix
load in winter
In summer, compared to bare
Shanghai, ' roof, the green roof reduced
[6] EGR  Sedum lineare 9.5
China heat flux by 76.1% and
cooling loads by 14.7%
References:

[1] Teemusk and Mander (2010) [2] Getter et al. (2011) [3] Karachaliou et al. (2016) [4]
Scharf and Zluwa (2017) [5] Peng et al. (2017) [6] Tang and Zheng (2019)
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I i R a 2 7 R0 afrii g - B 2 chR 5l g LAL G % g &
#4773 M o Samah et al. (2020) #-#% & New Delhi 0§ iz T » # LAI % % pFen®
v A FRVERITE R ERBEETE 22°C-FZ PN ERBHEETE 4°CL 3 2

~

el

poergad B T '8 50 kI/h/m3(13.9W/m?) o 50 i ik < Fed 38 LAL & 2 ihfi
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Ref. Location LAI Results

When LAI increased 1, the total energy

[1] Toronto, Canada 1.0 ~2.0 consumption decreased 0.3% to 0.4%
more
Due to the weather, heating loads
Albuquerque, USA _ '
. . 0.1~1.0 decreased in Albuquerque while
[2] Santiago, Chile ) ) )
~3.0~5.0 increased in Santiago and Melbourne

Melbourne, Australia
when LAI increased

When LAI increased, the cooling load
[3] Lisbon, Portugal 1.0 ~5.0 decreased while the heating load
increased
When LAI increased, the peak value of
(4] New Delhi, India 2.0t0 7.0 room temperature and heat gain inside
the room are reduced
When using a seasonally variable LAI,

0.1~1.5

[5] Shanghai, China 30 - 5.0 the simulation results will be more

relevant to actual data

References:
[1] Berardi (2016) [2] Vera et al. (2017) [3] Gomes et al. (2019) [4] Zheng and Weng
(2020) [5] Zhou et al. (2018)
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A. 2t jF (Rosepink Zephyrlily)
B.-] 1& jF (Dwarf Boat Lily)
C.#% @ ¥ (Pink Bubbles)
D.-] = 5 # 2 (Portulaca umbraticola)

E.F1E # % (Sedum makinoi)

g R

[ A=

F. % }47% $+ & (Spanish Shawl)
G.% % 1=(Star Cluster)
H. 4% ;- ¢ ¥ (Striped Mondo Grass)

L%242 5 & $2* (Moss Rose 'Hana Misteria’)

LR EEY:
AE R
AT A

B g K R 2

J.4 3 44 © X (Spiderwort) e £AF
K.? % (Common Jasmin Orange) SRR E

L.5 &+ (Common Lantana)
M. % % 7= (Society Garlic)
N.E % 7-(Blue Daze)

O. & #* ¥ (Manila Grass)
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S —

(b) Summer (2019.07.26)
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5 A FRAREER
Volume 4
Materials Po _ ' : .
ratio (bulk density) | (Specific Heat Capacity)
%% 72 " Expanded Clay
Coarse grain (12-16 mm) 10% 0.25 g/em’[1]
Medium grain (5-12 mm) 10% 0.29 g/cm’[1] 1.00 kJ/kg-K[3]
Fine grain (0.06-4 mm) 30% 0.49 g/cm’[2]
LEweCETR)
. 15% 0.48 g/cm’[4] 0.87 kJ/kg-K[5]
Pumice stone
43 % Vermiculite 10% 0.16 g/cm’[6] 1.08 kJ/kg-K[6]
ik & 3 Peat 10% | 0.1911 g/cm’[7] 1.31 kJ/kg-K[7]
3+ 4 2(0.1-2 cm)
15% | 0.0054 g/cm’[8] 21.08 J/kg-K[9]
Coir Fibre

References:[1] Vaiciene et al. (2019) [2] RumSys et al. (2017) [3] Schiavoni et al. (2016)

[4] Karthika et al. (2021) [5] "Properties of Pumice" (2015-2023) [6] "Vermiculite Data"

(2023) [7] Gnatowski et al. (2022) [8] Maia Pederneiras et al. (2021) [9] Abdulkareem et

al. (2016)

rﬁmﬂw

Vegetatlon
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g
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3.1 #3

PESERORMELF SETERAGE AL L =k 8 EAA (canopy)
2 3 K (substrate) ~ £ & (support) o 3+ & F B EE R OB HA DR G X5
Quezada-Garcia et al. (2020) #-7% F i B 7R 48 T A 0 P = B 7 F

AP AR R T E R A5 2 R R Y R e A R

Benfe Bl S RIEETERD R ERSERF L R R A A2 LA ko

f

F LN

1

BEAGEAPIZEPN OGRS AFE T T ERE  FRLENZD
KR e BES I E AN RY I - BB BEON S DRI SBT AT

* Wang and Bras (1999) #7#& & e Fffie s 2 IR £ 827 P E " REBFEL
@F’»”ﬁ”,%t“if’“‘“f%*ﬁir’%‘rﬁir’i@fﬂ“ﬁi’E'I,‘T-*%Yr""’s? RYEPERE €5 &5

Jn fieesg 1> £ % Campell and Norman (1998) #racit cnfzrfzd dac 2 3 A 7 e

B RfcHUE - 23 2 ¥ ANERfTREIESRE

32 —aEBE LN RE)
ARG EF Y I EOERBPRI TN L e A IEABT R T

RN KA T

oo L 06 3.2.1)
575 9t 0z
bl Ps %7 ﬁ?@i ’ Csz\ T 24 i;;u.ygn ’ pscsz\ﬁﬁﬂﬁ;&z‘;—g » G 57 2 ‘;E'—fq'éﬁlﬁ
EBAE - A E Y > RUEBEEFEDEC LT AT
0G _ _G(z,9H -G Y (3.2.2)
0z Zy — 74
£ NB2.1)% 4(3.22)f8 » FiEI NN 4T
22 0(pgcsT
6,0 = 6,0 + | 9psesT) o, (3.23)
., ot
B Gz )M - BEiHEY AU T ETRFEOREE > LFafd 45 3 EE
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v ‘_,;cﬂw}fﬂ FH LT 5N j\""‘ o%’ﬂ;}j%;fiiﬁﬁﬂj@;};\l ,;EL‘ TREEHAE
ST 1 A L
G=—-K— (3.2.4)

H P K% # @ % A& (thermal conductivity) » K &3+ & = /2 4 Appendix B > @ 3 7 z;

N » aZ1tZ2 .. P ) L ., .
Bz, T g BT % Ti6 » v @ 12 ZERE TG 4 Fla N3.24)H0 N 4T

Z1+ 2 T, —T
1 2,0 - _K 2 1
2 ZZ_ZI

G( (3.2.5)
FELY PSR E SR A BEAFS R L0 S A bl d

-+ 2y 2 12 (Sauer and Horton, 2005 ; Liebethal et al., 2005) o

HeF(325) K~ R (323)is 5w B h gy s W B R R AN AT
T,—T, [“Z220(pscsT)
- 2 C
G(zy,0) = —K-2 1+J IPsCs ) 4q (3.2.6)
Zy — 74 21 Jt

ARAMEGRE TR E Y o L3 A G T - DA Az h F AINGIER

ﬂJ,‘:J,J_\A;\o

33 jaiifz
hfpdrfaer  cha N g ¢ o A B EGNG2D)E NG EA ko

Bt A NEFEETRKARL 2 HIFR A ROV RS > T EI SR B ES

AT o
aT 0°T
= (3.3.1)
49
K
a= (3.3.2)
S*S

% #PB 4T % B (thermal diffusivity) ©

.
s
ETTRS

2553 EOURZ B ABTRE > P2 EAGIERRT LT RSk

m
|

E’fj/é};\‘jiz\» ,.:
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T(0,t) = Taye + A(0)sin [w(t — to)] (3.3.3)

2T
_ _ e (3.3.4)
24 x3600 %10

- P (dlumal)mﬁ-’i?:% (S_l) ’Taveé‘ ;i TR A(O)P La: A A B -
Bt B2 - Py Y B MR AS S BEARDLE G2t B ot
SOAR LT R 0 AT TR TOD 52 Soficrdsdn Bl o @ AT - 2 HURER ()RR T

VIR T A A

T(2,t) = Tye + A(0)e Dsin [w(t — t) — %] (33.5)

H ¢ DZ ek R (damping depth) o

$F O AEBLLNCADME B LREFAT PEAG33) T IS ML

i G B E AN T
VZA(0)Ksin [w(t — to) + 2]
60,6 = ! ) (3.3.6)
A ERIFR ()RR 2R A s (3354
_Z . Z Z
A(0)Ke D(sin [w(t —to) — ﬁ] + cos [W(t —to) = ﬁ]) (3.3.7)

G(z,t) = D
34 Lpbikes i

Wi s 33 &orit > FRTFGEREK I B3 EFERT 0%y H]epF o -

MR BEIATATLINGID) L T HEEETI RIS I NREEEL
B 2R R AR E 2 R B R R > A iE 24T (Hsieh et al., 2009):

T=T, fort=0 z<0 (3.4.1)

T=T, fort>0, z—- —oo (34.2)

B TorAzdniB R > 2t=0PfmT TR F e R ER > A AR P A

TiHER 2% FIUEFHREERES AFLF oA G4 DR T t= 00

TR 2 EaER > B t@k&éiﬂfi‘ﬁ“{— B Fl L BRK S and AU 2
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= O’JQ”ﬁiﬂfi%f“i&W g3 B FEL -
tfo— i % o 5% 15 > Wang and Bras (1999)4& 3 1 #

AP EARBA RPN TR E I RR BRARLE 1 DS deTs

G(z,t) = /KpsCS f 1z S) (3.4.3)

He s S A ®lice b AN/ fs v LB ST AN,

Gz, 1) = F%%fanzg dss
’Kpscs j aT(z s) Wi (3.4.4)

F R aEe o |# 11T 238 (Gaoetal., 2017):
K N—1
C
Gty =2 | Pt N a7l [\/tN S (3.4.5)
T =0 tits —
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BhRAG ASF 8BT 128+ i MEHRE L2019 EFHE 24X kg
FREEF EAS B 5 11448 Wm? o 67.78 W/m? @ SRRl BB E R4 % 5 70.93
Wm? 4 43.75W/m?» P A K fp o ABi P PFE > X P AR HREE @ 772 2019 #
PR R 2 AR kg FREERKEA Y A -51.52W/m? {-42.00 W/m® @& FFip] & B 15
R A %] 5 -71.04 W/m?® {e-42.80 W/m?® o B # 7 ¥ r2 g a7 iR 0rde G a0 M 2
PERY G R PR g ERERT o

WA A EARRIES R R E 1B FFREEF R ERE Y AR
Sk RGP A R A TR 28 B R R P LA ZITIERDES R
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150 150
125/ (&) spring —8— Measurement 125{ (b) summer —&— Measurement
—&— Half order —&— Half order
100/ —— Analytical 1001 —&— Analytical
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E E
= 509 = 509
5 254 5 254
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0035 5 12 15 18 21 22 % 3§ & 12 15 18 21 24
Time(hr) Time(hr)
150 150
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100/ —— Analytical 1001 —&— Analytical
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E E
= 509 = 509
5 254 5 254
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—504 —50/
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Time(hr) Time(hr)

B 7 2019 & % @ g4 £ (z=lem)F 7

2.

92 247 R fe L B A 2 0 B

125 125
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_ 75 _ 75
E E
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g g
E 25 E 25
= =
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] ]
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—25 —25
—501 —50+
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Time(hr) Time(hr)
125 125
—e— Measurement . —e— Measurement
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= =
® 0 ® 0
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BfEATRRATIR R PR R H R R EM BB R 0 52019 F 0 v B F &

v

0.86 > T3 R?* % 0.62 > @ T35 RMSE 5 24.70 ;
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%7 2019 £ 2020 & 4 A R (z=1cm)F

N £ S E

e
| &

ﬁﬁ@m?ﬁ

)
2019 2020
Rk
#L5 £ E R? |RMSE| #3 £ e R? | RMSE
% = 0.9213 | -2.0830 | 0.6054 | 26.35 | 0.8152 | 1.2200 | 0.6891 | 20.37
g = 0.8765 | -3.9747 | 0.6588 | 32.47 | 0.7642 | 3.3816 | 0.6872 | 23.42
# X 0.8313 | -1.5055 | 0.6318 | 18.34 | 0.8220 | -3.3963 | 0.6795 | 14.94
£ X 0.8154 | -1.2579 |0.5843 | 21.65 | 0.7751 | -2.4349 | 0.6011 | 11.92
28 2019 # 22 2020 & F A B (z=lcm)F P @ L X PEMcA ZIER A M 4B
¥ §F A 1T 2
2019 2020
Bk
#3 £ E R> |RMSE | &% e R?> | RMSE
%% | 1.0542 | -12.3019 | 0.9182 | 16.83 | 0.9386 | -8.4068 | 0.9785 | 10.64
g% |1.0078 | -18.1224 [ 0.9870 | 19.04 | 0.8864 | -6.9332 | 0.9842 | 10.71
X 109130 -8.7963 |0.9641 | 11.37 | 0.9242 | -9.5206 | 0.9922 | 10.50
£ % 10.9749 | -8.3857 |0.9633 | 10.62 | 0.8602 | -5.4072 | 0.9934 | 6.76
dlrREns Ty o LA ZRRPREES T RESEE Y 5 32 &
PEORRIEEFV R A FDREEPH GRAFIRT 1 Y Rsquare B3R A
0.96 12+ » Lpfpes 2 cn RMSE 4p /347 3+ P R is > ¥ Jopt 2 JE SR P end gy
BE o & FEEROELE Gife G R ¢ * L FlA 2FRORETEFT AT
W g% 0 fe Hsieh et al. (2009) % Smalls-Mantey L. et al. (2013) 57 5 3| 2 fg s 2
TRp e Fr s o
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mj+
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B4 o FMzmlem I EERETFREAEFA R VHERIFAREREAR
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Fetg i 3°CU PN > A EBTERINaE B4R A 1°Cru 5 om 2020 & R A 43R
IRHF RS 4°CILP > @ FETBRIVE R SR 2 2°C (£ 9) A F]L 4
BV REFRTER - FHRALBERADERBE ELGETRAIVER B E v @
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Time(hr) Time(hr)
55 55
(c) Autumn —e— lcm (d) Winter —e— 1lcm
501 —=— 10 cm 501 —=— 10cm
a5 —— 16,1 cm 451 —— 16.1cm
—— roof T —— roof T
401 --- airT 401 --- airT

0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
Time(hr) Time(hr)

B 13 2019 F FRESETIMEREERE LR B
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1 (a) Sprin & lcm 1 (b) Summer
55 (a) Spring —a&— 10cm (b)
50 —4— 16.1cm
—&— roof T
451 --- airT

0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
Time(hr) Time(hr)
60 60
1 (c) Autumn & lcm 1 (d) winter & lcm
55 (c) —=— 10cm 55 (d) —=— 10cm
50- —4— 16.1cm 50- —4— 16.1cm
—&— roof T —&— roof T
451 --- airT 451 --- airT

0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
Time(hr) Time(hr)

Bl 14 2020 # 2 SRR AMEREHEEREAR

29 ZTRERETLE TIOERBIRG

% = g X F X 2 x

(°C) TEER | R | TEE ity | TIER | R | THER | R

2019

z=lcm 24.00 5.60 32.16 6.12 26.32 4.50 19.96 5.10

z=10cm 22.84 1.85 31.60 2.86 25.58 1.98 18.79 2.14

z=16.1cm 22.90 0.61 31.25 0.95 25.79 0.56 19.10 0.55

% &R 25.88 9.23 35.25 13.18 26.49 6.89 19.59 9.33

%.
]

2.21 29.05 3.03 24.21 2.01 18.01 1.95

I
=5y
N
>
()]
B

2020

z=lcm 28.01 5.86 34.64 7.27 26.30 4.18 18.34 2.06

z=10cm 26.69 2.69 33.08 3.84 25.92 2.45 18.10 1.26

z=16.1cm 26.24 0.86 32.23 1.12 26.68 1.52 18.64 0.54

B R 26.32 10.55 36.23 15.66 28.38 8.40 17.95 3.37

23.03 2.32 29.90 342 24.73 1.87 17.46 0.86

Py
)
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512 MAEER VR

Bl 1528 16 5 2019 £22 2020 # %5 MAESE TE RSB - MAaE%
il BREAES SRl > v XPFRTG z=lom DA B R B L F R
R deo R ARV GV FRER T N Rk BN FRESETE A
BEFLHRERERB L LAl W 2 A > P Ui B R i m R o 3

2019 #AaE z=lem B RAER AR R AP RS~ LBV i 17.56°C »

o+
M
i

11.56°C># % % 7.53°C> % % % 10.93°C;2020 # R & % 7 &~ £ E 19.67°C>

'
f

8.96°C » # % % 10.79°C» # % % 346°Cr 2R LS E TR LG5 § % &

o
M
NS

AR E R REE AR RERE TR o

B2 4 3 A 3%(z=150m) 2 2 % B 7E AR(z=21. lem)sE B > -4 9 14 10 i&

FWRT ORI EAIVE RIRG R B ETEAIVE RIRG R K] 0 Tl
HSEETIRERLZ IS REPAEFET S Sem > A AL HEAIVUR R IR

Py o] 3t 2°CH % B TR KR IVE R R HE) T 0.5°C -

55 55
(a) Spring —e— 1cm (b) Summer
50+ —m— 15cm 50+
451 —— 21.1cm 451
—— roof T

0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
Time(hr) Time(hr)
55 55
(c) Autumn —e— lcm (d) Winter —e— 1lcm
501 —=— 15cm 501 —=— 15cm
451 —— 21.1cm 451 —— 21.1cm
—— roof T —— roof T
401 --- airT 401 --- airT

0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
Time(hr) Time(hr)
B 15 2019 # <% FES" ig/ﬁ)i—*’—ﬁ 508 2 B
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1cm
15cm

lcm

1 (b) Summer
15 cm 551 (0)

554 (@) Spring

-----

0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
Time(hr) Time(hr)
60 60
c) Autumn —*= 1lcm | (d) winter = lcm
551 (©) —#— 15cm 551 (@) —#— 15cm
50- —4— 21.1cm 50- —4— 21.1cm
—— roof T —— roof T
451 --- airT 451 --- airT

0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
Time(hr) Time(hr)

B 16 2020 # KAk F BRI MEREREERF

210 MAEH R LK THER BRI

% = g = F =X 2 x

(°C) TR R | Rty | TIEER | R | TEER | RWE| TEER | R

2019

z=1 cm 22.49 4.06 30.71 4.64 24.90 3.21 18.41 3.50

z=15cm 22.05 0.90 29.66 1.73 2491 0.54 18.32 0.69

z=21.1 cm 22.74 0.22 30.79 0.24 25.66 0.22 18.93 0.21

B R 25.88 9.23 35.25 13.18 26.49 6.89 19.59 9.33

e 22.54 2.21 29.05 3.03 2421 2.01 18.01 1.95

2020

z=1 cm 26.46 5.26 32.09 5.73 25.62 3.18 17.54 1.60

z=15cm 25.43 0.92 3091 1.11 24.90 0.76 18.08 0.44

z=21.1 cm 25.60 0.28 31.43 0.43 25.98 0.33 18.80 0.16

R ETR 26.32 10.55 36.23 15.66 28.38 8.40 17.95 3.37

|

!
¥y

23.03 232 29.90 3.42 24.73 1.87 17.46 0.86
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R RSET BRSO T e L Ok - BIERT 3 R A

RGBT REALZE - d BY ¥ OIEREAESEETRINFRVUF YRR ik

Flragipin LEARRSDEETF AR TR R DIE R TR A (R
17 B 18) »
35 35
. —&— zero z=16.1cm
(a) Spring _m low z=15cm (b) Summer
30+ 30+
) )
-y -y
£ 25 £ 25
I e g
20+ 20+
—— zero z=16.1cm
—&— low z=15cm
15 : : : : : ‘ - 15 : : : : : ‘ -
0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
Time(hr) Time(hr)
35 35
=16.1
(c) Autumn (d) Winter e
30+ 30+
2 'W 2251
£ 25 £ 25
] ]
20 20’W
—a— zero z=16.1cm WM
—&— low z=15cm
155 3 6 9 12 15 18 21 24 0 3 6

9 12 15 18 21 24

Time(hr) Time(hr)

B 17 2019 & F 4 & 25(z=16.1cm) 2 (42 2 8 & 25(z=15cm) 8 B v
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35

35
. —&— zero z=16.1cm
(a) Spring _&— low z=15cm (b) Summer
30/ 307M
i F
255 | o
E 25 E 25
e e
20+ 20+
—a— zero z=16.1cm
—#— low z=15cm
15 T ; : T ; ; T 15 . ; : T ; ; T
0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
Time(hr) Time(hr)
35 35
, —4— zero z=16.1cm
(c) Autumn (d) Winter —8— Jow z=15cm
30 30
ooc | o
£ 25 m 2 25
e e
20+ 20+
—a— zero z=16.1cm W
—#— low z=15cm
15

0 3 6 & 12 15 18 21 24 Y0 3 6 & 12 15 18

21 24
Time(hr) Time(hr)

Bl 18 2020 & F 43 A %(z=16.1cm)E M 2 3 & 25(z=15cm)iE B

513 3aEIEER VR
B 19 2@ 20 5 2019 #22 2020 # 5 3 ALK E T GNE R B B o B & ik

Fo e o agin o AR ER EEF L B R L AT

s—

N A (z=lem) iR R MO F

)

B G EP EACT® 2 EAIE IR ST E TR RM
D’Orazio etal., 2012) IMFRARRAKF BRI E ] F o AT -
oL EERRfORE AR ERAP AR EX R RE e EESRET S 5
2019 & § 2 B~ £ 27 F 2027°C % % & 13.88°Co# % % 8.4°C» % % % 12.08°C;
2020 # F & X & £ 21.88°C> F % 5 10.57°C-# % % 13.06°C> * % % 4.09°Co
B B A ERECLZBEFTE gRETAEARK T ALETE 21°C 2 4
EETXEREBCLETEIC> MABET X FARAB S LEVTE 19°Co d B 7 &
FHESE TR TR s T BY R hlbeh 3 AR T - BHAET
LAI 8~ e ¥ 28 LAL &%~ 3 38 R "5 8 sk 4%4F o

35
doi:10.6342/NTU202302891



2RI R (7230 cm) e B ATVE R (z736.lcm) k£ 0 T LR ILE R B

5 A
ZBEETRY B 0 RIVNE ARG 04°C @ K

Wi

- BRTE - 2 EIE R
TR RRNE )T 03°C E T B ABEEETDIEER G 30 2L 0 G - T
ERaFEHG Fla fRKRTER | > BAVERFERFERE ET o 7R
PRrEM B AI(R D) a 2 I VHFRKE TIZERBIERE TIEER TR
Foo FlA M PFI BRI IR ETFTRAINBET 2 HAITER o
FORARDRIEIRT MG EROER 2 > B - A LI EGKE o
Getter et al. (2011) *2 3EZ R E ¢ FER » R FEARK » B AELSEE T H
(z=lem)s g B M 7m X 3 I EZ-RE L 2 RKE P ¥ B+ L3 Appendix E
SR El 2 BIE2> 8 A T30l 5 kB G5 0560 PAEAE Ak el  f

BE 5033204527 > amaks 053 =+

| (a) Spring

lem | (b) Summer lcm

15 15
105 5 6 6 12 15 18 21 24 9% 3 6 9 12 15 18 21 24
Time(hr) Time(hr)
55 55
(c) Autumn —— lcm (d) Winter —— lcm
501 N 501 N
—a— —a—
—— ——

0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
Time(hr) Time(hr)

B 19 2019 #3 AESERIEERLREEARRB
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1cm
30 cm

lcm

554 (@) Spring 30 em

554 (b) Summer

0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
Time(hr) Time(hr)
60 60
1lcm . lcm
| Aut 1 (d) Winter
55 (C) utumn 30 cm 55 ( ) 30 cm

0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
Time(hr) Time(hr)

Bl 20 2020 # 3 HHFERIMER LR EARB

211 BAESETLE TR SR

% = g X F X 2 %

(°C) TEER | R | TEE ity | TIER | R | THER | R

2019

z=lcm 21.82 241 29.56 3.12 24.74 2.61 18.13 2.63

z=30cm 22.20 0.38 29.87 0.27 25.45 0.17 18.79 0.11

z=36.1cm 22.72 0.16 31.23 0.24 25.81 0.19 19.13 0.17

% &R 25.88 9.23 35.25 13.18 26.49 6.89 19.59 9.33

%.
]

I
=5y
N
>
()]
B

2.21 29.05 3.03 24.21 2.01 18.01 1.95

2020

z=lcm 26.24 441 31.17 4.02 24.63 1.87 17.37 0.91

z=30cm 25.40 0.12 31.58 0.17 25.31 0.28 17.90 0.14

z=36.1cm 25.43 0.21 31.64 0.23 26.05 0.16 17.86 0.30

B R 26.32 10.55 36.23 15.66 28.38 8.40 17.95 3.37

23.03 2.32 29.90 342 24.73 1.87 17.46 0.86

Py
)
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514 BEFAIVER" R

x,ﬁ; TABRENGEE TN FIRERE R S S T e SR TE g K IR
BARRGEH B 21 W22 4852019 22 2020 £ FEAE - BA R ER
ARRDSEETRIVER2Z P RR AR 21 7L PR ETE ATV R B
ZHFEAEMD A AFERENLIFER OVHEREE RO E S A B B
ETR s ¥ o P MR R MESE TS SRR - URR T RSP R
Botg R o m KR 227 T g R Y - B - RPM A BFMY DT ET
FAESERORINERB N ZFER IV FRESETRFIEERRE R

RIFRIF s g

35.0
—e— zero 16.1cm

—&— low 21.1 ¢cm
—— high 36.1 cm

32,5/ (a) Spring

30.0 ---- airT
27.5
L
22504 e
¢E, 25.0 /,’ e
Fos WW
______________ -~ ) —o— zero 16.1 cm
20.0 20.0 = low21.1cm
17.5 17.5 —a— high 36.1 cm
---- airT
1505 3 & 9 12 15 18 21 24 % 3 6 9 12 15 18 21 24
Time(hr) Time(hr)
35.0 35.0
—e— zero 16.1cm . —e— zero 16.1cm
325/ (c) Autumn - Jow21.1cm 32.5¢ (d) Winter —=— low 21.1cm
30.0 —h— high 36.1 cm 30.0 —h— high 36.1 cm
----= airT ---- airT

0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
Time(hr) Time(hr)

B 21 20193 4 RRESETRAIVERZ P L H
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35.0

. —e— zero 16.1 cm
32.5 (a) Spring -8 low21.1cm
30.0 —h— high 36.1 cm
- airT
275
3 ﬁ%ﬁiﬁmﬁm
[-3 -
g 25.0
F225{ O T
___________ - —8— zero 16.1 cm
20.0 20.0 w low 211 cm
17.5 17.5 —h— hig236.1 cm
---- air
15.05 3 6 5 12 15 18 21 22 0% 3 6 9 12 15 18 21 24
Time(hr) Time(hr)
35.0 35.0
—e— zero 16.1 cm . —e— zero 16.1 cm
325/ (c) Autumn - Jow21.1cm 32.5¢ (d) Winter —=— low 21.1cm
30.0 —h— high 36.1 cm 30.0 —h— high 36.1 cm
----= airT ---- airT
275
[-3
525.0 p
Fas
20.0
17.5
15.05 3 6 5 12 15 18 21 22 0% 3 6 9 12 15 18 21 24
Time(hr) Time(hr)
B 22 2020 £ 7 qT BRE%ETTRIVERZ P FIE
5.2 #i
ARFHEZP CABLIESRETE G G F AINHAELE Gyt @ ok
R TIE HFE A 2T BAERI Y EAE E > Fle A ad s Akl § AR
HEERT o LA IR GG s T A A G B A A

R R By e
521 ?EFAAE G ik

Bl 23 % B 24 ~
B2 p IV Bl e 22019 &

EN N A

¢%@&Mwm%ﬁ%gﬂgwwwm2

pE s BT 0

DS R TE

2 4 o

g X FEH T

o

FhEBEEEr PRI

Bl G 2019 # 2 2020 £ 2 EFER lem 02 EHAUEE G B EL

NFTG AR SR HRBLS
% 1 156.77TW/m? > @ & AES BRI G B
CHBEE SR LR R E 42020 &

£33 B ¥ - % Peng et al. (2019) “%7 3
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1%

BETIR ORI FERAFLSE
#

Wk IR > VAR TR BRI AT R 5 LAL o g T AL gk

el

B kv s I R FELERR RO RL R LR T U R
R e AT @il £ (Jim, C. Y., 2014 ; Peng et al,, 2019) » 11 % 2019 # § = i

BESETORUEULBERFPEREZETF >4 £ C23)T T AR FZY ¢

Ra

FRAER®T B AT ghad AWALEETRA - BrAEREe < £

g o e B b R - BACR BB ML 113 o 2 Heetal (2016) 975 R

N

FEME “ﬁiﬁbi how X PEERRE S SR TR SR TR R TR

T AEHEN Y GIRICPAFIEF B ESE A F AR (Getter et al., 2011) ©

450 450
4001 (@) spring —— Zero 4001 (b) summer —— Zero
—#— Low —=— Low
350 —&— High 350 —&— High
= 300- ——4— Net radiation = 3001 —4— Net radiation

0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
Time(hr) Time(hr)
450 450
4004 (c) autumn —— Zero 400, (d) winter —— Zero
—&— Low —&— Low
350 —&— High 350 —&— High
300 —&— Net radiation | = 300/ —— Net radiation

0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
Time(hr) Time(hr)

B 23 2019 # 2 F &4 @& B G (z=lcm) &gtz p L B
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500 500
4501 (@) spring —o— Zero 450 (b) summer —&— Zero
—=— Low —=— Low
400 —&— High 400 —&— High
=~ 3507 ~#— Net radiation | — 3507 —#— Net radiation
§ 3001 §
% 250+
= 200
B 150
T 100
50
01 \
-50 : . ; T T v -50 r . ; T T ;
0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
Time(hr) Time(hr)
500 500
4504 (c) autumn —o— Zero 450/ (d) winter —&— Zero
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400 —&— High 400 —&— High
= 3501 —#— Net radiation | —~ 3507 ~#— Net radiation
§ 3001 § 3001
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= 200 = 200
-~ -~
© 1501 © 1501
T 100 T 100
50 50
01 01
=053 6 5 12 15 18 21 24 % 3 6 9 12 15 18 21 24
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Boh o BT R - BRERRT D

FHmt ERAE N RoB 2 HH26 AW L FadE w3
- BEHGHG PRCE e ATRELETHG EY 2019 £pFe X eh
X4 h B 12793 Wim? @ A X F o] # & 74.16 W/m? 5 2020 # 0§

5132 Wim? o ¥ i g s AR

]

c b MAESE TS G Y 02019 Eo AEHL X F AL EE

156.77 W/m? » @ A % o] 4 & 52.18 W/m* ;2020 #0 X pFr3l % % 5 A< % &

95.85W/m?» @ % % Al5 B % B 35.74W/m? o j§ 2 M2 MA@ 7 g

Mgt AR S B g R ] - UMK o & RS BT Gy
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FAIIEFE S Ea BRd FEANIE I e RGD o oA KB 25 AT LF R
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175 175
| a) Zero —e— Spring | b) Low —e— Spring
150 (@) —m— Summer 150 (b) —m— Summer
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g 254 g 25
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B 25 2019 # 2% EFIHEFAE G 2p %H
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