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A Study on Monitoring to Investigate Dynamic Temperature Model
by Sensible Heat Flux of Green Roof System®

Park, Eun-hee” + Kim, Tae-han” - Park, Sang-yeon" and Jang, Seong-wan

Y Dept. of Environmental Resources, Graduate School, Sang Myung University,
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ABSTRACT

The growth of impermeable layers in the city center due to today’s urban development is emerging
as a major cause of urban heat island effects as well as recurring inland flood damages. In order to
cope with such disasters caused by climatic changes, an artificial ground afforestation system is suggested
as a fundamental solution that addresses both water environment and heat environment. For the afforestation
system to replace the current disaster prevention facilities, quantitative performance verification through
related numerical analysis models and actual survey monitoring is necessary. Therefore, this study secks
to propose the performance predication method for the heat environment of the afforestation system by
looking into correlations between measurements by physical vegetation indicators such as LAI and FVC

and forecasts from FASST, a vegetation canopy model used by US Corps of Engineers.

Key Words : Green roof, Heat flow algorithm, Plant canopy model, LAI, FVC, Vegetation Index.

TR dTe AR A dFeleHlo]d Te /I “«AFANHE =ABEAAE, #el Jle/NEEANS:
416-111-016)79] Aoz FP=|QlFch
First author : Park, Eun-hee, Dept. of Environmental Resources, Graduate School, Sang Myung University,
Tel : +82-41-623-0410, E-mail : hum87 @naver.com
Corresponding author : Kim, Tae-han, Dept. of Environmental Landscape Architecture, Sang Myung University,
Tel : +82-41-550-5303, E-mail : tachankim @smu.ac.kr
Received : 23 July, 2015. Revised : 22 December, 2015. Accepted : 19 October, 2015.

_15_



1%
rlo
i%
i
Ru)

16

o

LM B

_I

A e
3:.
[}

1. 97 U ==
FH 2 7174l
t=Ale] AEE 7]
ol <] 3k Eﬂ %ET%
A A= 2L . 201013 A1&-A] biotope Al
o3t AH EESHALL 653%0 o231
gom 71E TAA 9 ARG FLAAA ud
oz =AHY 1‘%6}%01 7}EE 1 Q) ol&
Ql&te] nj A AAYE FHCZ U433
7} ukEz s 3 gl
W S EAE
o 7] AE

g 71 3Aa e
st He Ao H

7Pt 8 g9le=w

=

ol
2

A

o ri
e i

0
¥

d
T oo

o2
jubd

F

g 2
o
o
u

RoHo 2 ox M o

_O‘L
oy =
o g o
lo ol [u 4
= o\ 2
~

==

=
Sy

(=
o
Ko

mrlo.

&

=
>,

|

O:
flo 12
1o,

N,

it
e owe 4R
fo = Mo
oX i i

o

rd

a Lo

L

m\m oL

oz
N

T
b
N
e =
o
N
&
pac
5
fr of»
e =
- 1o
o

5

o fr o ox
RooZ o
X0 X
N
{T o,
fT ol

=
i)
ol
o

I ol
[y
o
¢

2 o

N

o ") =
:?L_',
rr
L

5
ol
>
>,
toty
&
m
D)
ro

o fo

N
L
o,

)4
f Sﬂ

Kl
o
o
l re
10,
2
Sl
2
it
fo
o
ol

o F
it
ol
o

o

fru

S
i T
=

%0,

o

N
1Y
(]

ot

— o N
1o

o e SR ax
g
ETE
s K
= =
FTF (e
ox :1\‘0{{
A, U
o, >
X
kA oL
Ll W flo
% ol E‘j‘,
r- T
o % o
fu . o
o I ok

)
o
[
X,
r

R T
r 0
i
e |
\ i)
b lo,
a
N,
um
1—>
ro
1>
o

>
-

mdlef| 7]%sle] FVC @"ﬂ
, 2007), NDVI, SMA, TGDVI %
2eS suko 7 AzA 2ol FVC H]
71 F(Jiapaer, 2011) o] HiE
SHA, AEA 7]23 s 53 2 9 Xc'}
A A 5'—‘4‘33 I} FA ALY
2 FEEY o] T B
gol Mz e @‘%E %
StA| 2edllof] A st} 2] Eof
MR} SR E

N opo YRR

T(H

g
Bl o oo XN

oZ

EE 2 e oot g
oL

;g
g

—HJN

oM oX oX rR ol
"H _11m

34 - AP
2013), 73=3} 210 wE 2EAZ 89S ¥
Ha7] fs8f B4, BEZ, BREAEAT, A4 5
HSHE 7ol 79 tﬂi ARFE 2ot 2=

3= 238 AT(Lee et al,, 2005) S°| Tk
ol¢} B Eo] FAEA RIATE 4 1A
gol A R EAZ A EH oA 25l AL
g3t AR 9] 7SN ERE HEs g A
T(Park, 2011), € - 37| £ Z2 a9
Simheat& &3t 453} A|2~8le] A

A 8HE 29| Hrkgk A+(Jo, 2008), FASST
2dg upgo g ARy AE St d

5 55 2ostn A=Hret AFHD.I. Sailor.
2008), FASSTE o|&3le] A A7 w3 2d 7}
Ase Ay SAA=ste] AAREAE}
AE YF 724 vAe e =53 A7
(Kim. 2012)%°] H1
o714 FHATF=

T7F T8 ol Bl

ru> w

gH o7 o=y 93 @;L;g,nu(}m% A A
atazb gt o2 9l 4

A GAAARLAD, 445 H

2ol JAAES A 4E«$ﬂﬂad-?%
@ A4 ey Bz o WY 273
A2 RUEYel 4URAS A2anA B

1. %Elx-l AMHXLE
=5} 28] CE R

Hs A%
g ABAQ ARE B4 2ol o

Om\



Sy anle] AL H5A T

Y A ¢ 2UHY A4 17

7pAA ]l QYRS BeFow gAsr] 9
& AMEEI™ e A SNDVI), FHAA|
F(LAD), AT EB&(FVC) o] tEA o)t

1) A Z)9~(Leaf Area Index)
1= 99 AAT 4R g me
A9 120 Pk B Gl Fol

H
(Horizontally Projected LAD)Z F+H-¥t} I
ol we} o A 4el 98 e Ae)
of ASste W, 7180l ANE dd A S
2838t 4t=3l= W'HI Decagon ceptometer,
Li-Cor LAI-2000, DEMON, TRAC®} 22 734
4 BeEAAE ol eshe U BYo
HH3} ¥o]tHChen et al., 1997). 21&2
Ao 2 FHe o]gdt A= T WHE
A2} vl o] 2257w AeA 2

2k

=4 RdS T Heeto] AlA]

2) Au]E-8]-&-(Fractional Vegetation Cover)

A BB E(FVO) = &9 HAT 24|
ot S etk HlE&S on|stH, 2470
w9 F23 124 Aotk FVCE %
A SN ARATES ASste AR &5
wH, B3 2 4F ThoA e WAL
e ﬁnﬂ o}‘—;—]] zﬂ-_&&]r/]. om}z% o7 OHDP
ke A 9E HAHIS AR R 0~1
7HA 9] W17 85 ol =24 n7]d B
o5 93 A EE HLHTh

FVCE T2 59, 99, 87438, EAol&

.

2. AMEO| HARS
dumon g sRle] AgHE PRE
ERE 447 Eg] T Hoz 0 BgH

TASHA Hrt olH g B8

& A3 HelMe A S J(PET)
© Zo| Bastn o7 Tt 2

o] A=A}, w]FHE T A JidE FASST

(Fast All-Season Soil STrength)= ©|&|3 &+

o el o] AHe sAaH mEow Ay

ox R
El
i
r_g‘_t
oL
o

Ui o pek

3
g o g2 uAFE S A F3tt 39, 7
Z BATS, slBE} 7&% 2] Y v Rl ol A b

1) A%l ellvz] #3

w5 2dle) AAE Adud e Fu
W, 23 4 99l RA o
AP o|FolA Ytk ol 4 FUHE

oo}, ot ﬂ%"ki*}e WMH WAL F4,
LEste dHO), EFEUT Aol
HHEA 0 8 Mste et o gt HAbu
@), A9} FAA7] FHel| o] FojAe @
dfEer e 5 3l
AFe 224 A
QR K

1
@
X

>,
ue
e

(]

JJ—\__ AN
ATH
F, 70f[[ 1— af)+gf] —sfaT] """" )
TIEEIT (pd_ pd) o
£ (Ty Tf) @
+[{f ............................................... @
+Lf ................................................ @



18 s - e - g - e
M o= AN Y] D, 7, AXEH 2% 3. DHP(Digital Hemispherical Photographs)
(Kelvin), 7,5 9% 2%(Kelvin)e o]tk AAHE 2d S 3—%0}71 %H =214 A4
ge AN BAE, o8 AW WA, ARE AR ASIE A2 DAl ARl
e & WALE WA o ey go| xaHd. W HAE %i%d*}{(DHP)—% .%%4 7hell et =l

& :€f+€g_€f * &

2) gHle] dLF

FASSTE LAISH FVCe| &84 A HE
A g3to] Gyt TRz AL f5ol st
o] Th} 2ol A elstal AthDeardorff, 1978).

= (L1 LAl G, G W,y) (T, = T)

pe AT FNL(kg/m?), C,, T 8

3t 37191 D(1005.6./ kg K), CpE XW g
£E, W, AT W Fmps), 7, 44
M U 71&(Kelvin), 7, G¥ S%=(Kelvin)
£ on|gith. of7|A AT Wel 71 (7))

2 G, 71, AEH 2=k FVCRte] o3t
e Aoz ddEn

Ty=(1—0y)(T,)+0,037,+067;+0.17,)

7,/ A7 =3] W 7] &(Kelvin), o, FVC,
7,= 7VgAS=0] 712 (Kelvin), T, G99 &
=(Kelvin), 7, A& 2=(Kelvin)S <7

371 ATl AL AN A4S R

F50 03t 2ol A E4U49 FVCRH
o A ez Aelsa gl
W, = 0830, W/ (j, +(1 Uf) w

il

—0—4 E”S %‘éi‘r 1‘:‘741

=

g gk

-1>
{

25 &8st A4 5HE S5t =84
A =EFS 75 dHchJonckheere et al.,
2004; Weiss et al., 2004). ©]<} 3’&%’3}04 Juk
B E o] &3] A Sl A Hle]
E] 73] 7153 Hemiview, SCANOPY, GLA,
Can-Eye 53 722 Z2adEo] A 3l
o ol2fgt TR ojwA] BF ZEAA
A ez, omA] A 287 SellA Z}O]a—
Bt} (Demarez et al., 2008; Garrigues et al.,
in press).

°o] % CAN-EYE V6.1= Z&2 4] 59 A
T2(INRA)AF EMMAH(Mediterranean Envi-
ronment and Agro hydro System Modelisation)
AT NE AZEgo]olth. CAN-EYE
dutalz gl ookl 2E B EYE ER
JEREL R IPY EDIEEE
2zelen AHEED. o714 2%
A ZEZ%E LAL ALA(Average Leaf inclination
Angle), FAPAR(Fraction of Absorbed Photosyn-
thetically Active Radiation), fCOVER (Vegetation

Cover Fraction), Bidirectional & mono-directional

=
.
EE i
S

=

44

gap fraction &= 5 & 9l

E3F CAN-EYEE Al the] ofnjz]
27} 7¥sste] i RGB o]n] A9} o] Wwigk
2 Fdgh o7]d A8HE oAl 79
uet =23 5 =214 A8A R} AP
THTable 1).

o714 fCOVERE ]3H|&(Cover Fraction)
S onjsta ARG Aoz vBy 2ok
o] MAH &S on)ai thg} o] Helata
sitt.

élo_ﬁt‘

o]
AT

fCoveer—Po(O)
FVC=1-f Cover



Sy sele] AGREA nhE

FAeERy 1%

ol

o

A% 2UHY 47 19

Table 1. Plant Index Available depend on Image Type in Can-Eye V.6.1.

Image Type Camera system Plant Index
LAI
DHP fish-eye + camera system ALA
(Digital Hemispherical Images) v Y FAPAR
fCOVER
LAI
50T incli 5°
575" Image camera inclined at 57.5 mono-directional gap fraction at 57.5°
Nadir Image vertical camera FfCOVER
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Figure 1. Pre-Testbed in Cheonan Campus of
SangMyung University.
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Figure 2. Green roof vertical cross-section and indicating
allocation of the air temperature at instrument
height(7,), foliage temperature(7}), air
temperature with in the canopy(7;), ground
surface temperature(];) sensor.
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Figure 3. Comparison of ground surface temperature
by foliage.
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Figure 8. Comparison of ground surface temperature
by FVC.
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Table 2. Significance analysis of ground surface temperature.

T FVC 0.78 FVC 0.81 FVC 0.88
¢ Simulation T, | Simulation T, | Simulation T,
Ground surface temperature |
(Ty)

. . Fve 0.78 0.887 1
Simulation ground surface temperature

. . Fve 081 0.887 1.000 1
Simulation ground surface temperature

. . Fve 0.88 0.888 0.998 0.999 1
Simulation ground surface temperatur
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Table 3. Significance analysis of air temperature with in the canopy.
T. FVC 0.78 FVC 0.81 FVC 0.88
o Simulation Ty | Simulation Ty | Simulation Ter
Ground surface temperature |
(Tgf)

FVC 0.78
Simulation air temperature 0.997 1
with in the canopy(Kelvin)

FVC 0.81
Simulation air temperature 0.997 1.000 1
with in the canopy(Kelvin)

FVC 0.88
Simulation air temperature 0.998 1.000 1.000 1
with in the canopy(Kelvin)
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