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ABSTRACT

Significant efforts are being devoted in mitigating the urban heat island effect, and extensive
green roofs are an option for mitigation. The purpose of this study was to compare the surface
temperature, vegetation types, and plant species on an extensive green roof. Test beds were created
in May 2015, and the surface temperature was monitored from June to August. The test beds
comprised polyculture and monoculture. Polyculture was divided into three types, and monoculture
comprised eight plant species.

An extensive green roof is effective in reducing temperature by forming a shade and preventing
sunlight from falling on the surface of buildings, which mitigates the urban heat island effect.
Consequently, the surface temperature of the green roof and that of concrete during summer reduced
from 17.8°C to 7.3°C. The temperature reduction was greater on using polyculture than on using
monoculture, but monocultures of Sedum takesimense, Hemerocallis dumortieri, Allium senescens,

Aster yomena, Belamcanda chinensis, and Aster koraiensis also produced good results. The
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temperature reduction effects of Polygonatum odoratum var. pluriflorum f. variegatum, Phlox subulata,
and Thymus quinquecostatus var. japonica were excellent compared with those of concrete but were
less than those of other plant species. Careful attention is needed for the management of extensive
green roofs. Studies on the plant species and types of extensive green roof should continue to mitigate

the urban heat island effect.

Key Words : Thermal performance, Extensive rooftop, Vegetation type, Polyculture, Monoculture.

LM = Fe BEYS 7IRIeR Qldto] A& Aol u%-
E2]3F 271 © Z(Dunnett and Kingsbury. 2008),
wA% 21k =AY B, T F oy olggt 24 sl A&HH o' PFo| A
2Hl o) A& F7HE Qlste] A Wf HAF3T & e AE S sloF dth =gk A%
o] ZaE i EAMEAZE st ol wet &A 2] - AFd St &8ss Aee 8
T, BAEAER T =AW =AF 713 Ao Adfd] gH e 47 e,
35 2o HAUTh 59 mAGAHAE S & olggh T 9ol theket A& F H =
Ale] FAR 71 ASAIA EARS] A% AR Bdg 388 A 22 T O &
BAA A T A B A AR gFE Hato] A ArHda S S A1
ATHCha et al., 2007). EAIEA A} S 3lst 4= 9lth(Nacem et al., 1994)& A3A T+ Azte=
7] 918 o R EAAIg TN E F9A SAEA A o] Bt adHo s &8
g, 7t2FA8 &, AT S5 at7] flsf A el - A St g A
3}, ARAbE AE, WHEEE Fo] o] FojAof Al sdo] AEFE 23 et T 13
ot (Park et al,, 2010), ©] ¥ S3=53te F71 Za7t e AlAbeta Sit
Q1 ExQ] ZH glo] Bx]5 St BAE o] 5(2005)> 7} ALAAEA A &AF53}
o] st Bl EAEA AN 3], o] Aok £ AAAew FH517] 98] xeEE Ao
= ¢ i) bite g mE I vk A 2 ol Slol o] & ST F e &
Ssse AEEY 2 7 EYe R F=3E Wl AR, 53] SAstel] nE d9d
oto] glFlo] =gl HiE ge 2S 7 AR eEARENE FAHCR S5

ol

)l 7N =

= gt 7124 dole R vjf 8% oz
= gttt Sk o]} v]Segt wgto 7 ul
X_]'—

o

}

= =1
e A2, 7] o2 RS WES i} 5
250 A A8 gl Bk ] it S (2010)2 el SA453te] A4S <l
Sl oJst] 7B 1E FHY 258 25F 2sta A8 A7 E FellA Sds3 A1
2ZH EAEAARS gl 9Es o z2H & AGsta AdAd S FRlsta glovt
(Park et al., 2010). TAlo dAlekstel A E SHA FoA

AEE S8 AdS 3 vlawste] 1 o] wj-f- Foll= Estn G et 7)5el 4
T=7F =3 A Gk wiEee] B2 v E S Ao g tate ZWol itka A sHth
A 2= WE, E A TY 2312 ) Sg=sto] LA B3I ATE A
A3 o Az - AHFY 843t 24 A wel - Y St LEAAEY 4,



Awel %Y Sanstel A4 39 o§A Fulew va 57
AEOh,  WHOZ EA 2~20emE 5HC= aE s

S5t AR H At v A= 9%
2007; Kim and Yoon, 2011) 5 T}ekat AsidA+
7} o] oA gkou} FE SAFmSIA| ) ]
spA 9] v, EAM Hla FOoF o]FoA gk
on, &F=ste] AR A= 54 4 AA &
g Tol e 2247k Zrke] g8/l tislA
= TAAR AF7} o] FAAA 1 YA &t 2
go ZAYES} BvE, =zt e] A4
H7lol 3 A5 Kim and Park, 2013)7} 713}
Hou A& Fo] © 2%l aH $F53)|

F2 B89 Yt AYRS 1 el g
23S 2% TA) B A7t 29T
Aoz oA

v 2E Sd=ste] AArdd gL
ZUEZ(Youn et al., 2013)0] #3 A&
FARLR frolotA askod AT T B
< S AAnde] 69 U=t 7}
T Aoz gQlo] 35 AFE B A
&£ 35 2xAgdel EFAQ AR Ak
o] 7Fe¥ oz AT

old & AT Ade] - BHFE §4=3} 4
=9 A 9 DAY FHEE 242
HlwE Folo], &5 =A ) SHaD 93} 9
Asw LxAztel a4 A - 4F9
SAEsAlzE AE F g AARE R 7
248 Algs AR siin

1. SA=3 74
SA=ste A AR - AHY SAS
(Extensive green roof) o} #&| - THH &7
3l(Intensive green roof)= YW, #g] - F
g S4mae g B4 20emel el 94
32 A& A T+ 5 FHAT) =
AE3t PR vy obsol| Eof £4
gt Helol F A AAE

T itk W A de - AEY

13
=2

ox Mo 2 o i of Jf o

£
=2
[¢]
(o L2 rlo

do
o2
I
)

& §7d5 3o th(Johnston and Newton, 1993).

T EF FF2009)9] =3 FYo] wE
=g AuEd A - =58 LAAFIE
=353 o 8AREE
S00kgtm?, AT - AP SAmsE & o
o] 500kgf/m2o|™ A ¥#z] - 74

2. SM=3 2ENUSY

Oh(2007)= A¥e] - &4 §4=3H
AR B4 AFolA Aol gl A
7h 2ol gle AT ET At EF Ht
%7} 11.1°C~13.4°C7}
o LAYESAY AW HA2:
E%10cmE 47.4°C, A1 A - E%10cmE 35.6°C,
27 - EF1Seme 34.7°C, AA - ER20cme
340°CO.2 &/=53iA] 2T E S/ H]st
o] 0.3°C~22.7°C7} =Skt ol EAl 10cme]
Sd=sle A E g FE8, 249
Efo] 2xAgte] FaueR Zeste Ao
= Bt

Kim¥} Yoon(2011)& $45317}F oY= -7t
o WA= J&E Asstn AAGE ¥l -
= ATFolA, ZAZE %!
s, #el - FE S %

o »L
xQ,
o
=
|
o,

;

S

_O|L
T
o

o>

!

=
o al
T
~ Hr
2 |m
o o w 10 =
e v
2o o
-'Emh
1o

lo

o
& o 8
ot A
l

oo
4
N
'l
{u
M one

o >,
i
ol
N
ro
0,
it
flo

o
-4
2
=

L orlo 2 o X
o I = W

[¢}
-

> & A

30 foh >
e}
o
onl i My AL >
_‘0 E]?'_, —Y‘—l* _1}0
i >
2.I}o o,
R o )

rl
H



58 ol - ok}

-2 - oled)

E g¥ # - HY S5 e
55.53% = 71 =skon, A#e - AEE S
53} 48.40% ~44.31%2] VA HAES B
Aok AT ALFe Wl A4S 2453
Ago] n AL ] Hit 37%9 AUES HY
on, A7 W Rt 33 e &

A2 E ] ARE0] 13% ~26% =

T

e}

3L
=

Lee?} Kim(2012)&= &7=3te} H] 4453}
FH2E v dAFolA tizde] o didA] <]
E4 30eme] 9 S7dste] A AULE
7h ] S2d=e) Bt Hat -ero Hstd
MC~14°C B £E2 B A &+ 9
Rom, ol AESA=S3I BA] 7| % A
2 A sl 9 A= |gEE Rl o

AREIE gstsint. oo AAglel &

o)

b I S
TS FIPHE Yol

A=,
ok AT HE 5S°CHE LEAZERE B
=

3|

ojZo] 71& Il S5s LEAEY
o I3 AFe =AGHES st 59, 1%
2o dAT 2 AAER B4, A48
A 9 2938 B 1, H] H31A] e 24
=3} A LEANEY 59 2E AFE o) F
oA 3 glot Sl A A Ee] B4 1
et Ag - 2ol 2 AREAEA LEALE
7 FAo #gE AFE Tha wH| g A olth

O~
Aedad e 2494y &

Qe 24717 F 34.6°CE 7] 0] 7HE =9t

#38EV} 575°C, &

38.3°C+ 2

19.2°Ce] £=AE Btk A

A E EH| Hgto] BUE, Szt e A

Aoz e glo@ BAEQglon oy Sk
=
2

A Al7]o] 2487
& 40.1°C, a=z

& rlo

s} 2 E FHET sEALo] F7teta,
Wit 2 Qe Fd AR Qe dEH HEE
o] Axgo] Hasigithe A3 A7 (Takebayasi
and Moriyama, 2007)¢} X3} th

A - AFY SAdsstel &8u= dub
A AE T AT xS S

= =
Hol= A7} $AstH =, &

2010). E2 Friekd-e AeiAe] AT ok
AAAE Z7MZAF A7) (Nacem et al., 1994)
Ade - Ay &

Aoz A& F e A E AYe Folu
t} Fasitt & S ) old o] 52007)2 3

5013)C 27 10emEA Y] #Ae) W 24
Eglo] A Z3FE 1002 A4 T UAA 2 24
EA5e BUHY 9 A A} AT
15emEAS] AT AEFE S5 DA
o] 7kt 2 AP B Al #e A
TE zgsted A# - AFY SAESM =
A F 2ol S84 A&o] d&e ook
g 227 =90 7Hede AT

Del Barrio(1998)& <7453l &85 4
Aol 2 W A, A} I o) =
+ N=3](Canopy; 4=°] A5 RFoE
7 BF)7F Bol 2 &S S4E
sto] REAAER Eobd 4 glem, LAI
(Leaf Area Index; GHAA )7} & 4 ES
AANLFE 25E Wol st A8 LAl
Fo] Aojd 4 doke s A

olo A&o] Agsta do] e FE e 2

P



FEE o5d EHLE vl 59

oA | =A% &

5/25”E)d F-of] 20154 5€

S 23S th(Figure 1).
297 240 %4 71228 A g

3 53, EFEY £ 2Y90m, He

2 M 37°3740”N, 127°
AEA R Ag+

T& olZAnte] ()] EP-25 AMisRAGTA:
50cmx50cm>3cm) S AFESIon, EQkS 24t

=3+

AEEHEeE|E, Hvl

FoIE,

EED)

_ o6 = =1= O =
B odTE 940 A7sAQnds thd B 5 39 o)29] 95 Eosoil S &
= 5] © o
B sgus A9 B AME A% 32 3 89 lemEdeE 2Yeth 49T 24
=] = = o) Z o) = O o
aste] 20154 59 =L FS Tl A A T AR A= e 2 5 423 RS 9
o W
- [ =
LR
= [ =
3} —e = = —n =
a. Plot location map b. Plot view
Figure 1. Plot location map and plot view.
Table 1. Characteristics of the plants.
Classifi-| V i Height | Fl i Ll
assifi-| Vegetation L o . eight |Flowering -
caion type® No. Scientific name = Family name (em) | (month) | Length | Width Shape Note
(cm) (cm)
2 Phlox subulata £7%t] | Polemoniaceae 10 4~9 | 08~2 lanceolate
;{;‘zg 3 | Allium senescens | FH¥F | Liliaccae | 20~30 | 8~9 |20~30(02~09| lincar
< 3em | g | Thymus quinquecostatus | quaer | [ ahiatae 10 6 15 ovate-elliptical
var. japonica
Polygonatum odoratum
. SRR R=S 10 . ~ ~ ~ inti
medium | 4 var. plz.trtﬂorum f. | FHY%Z8 | Liliaceae 30~60 | 6~7 | 5~10 | 2~5 elliptical
Herb variegatum
plants
< 70cm 5 Aster koraiensis %47HU]~V5‘4 Compositae 50~60 6~10 12~19 | 1.5~3 lanceolate
7 Sedum takesimense A71d% | Crassulaceae 50 7 5~6 | 1~14 | lanceolate | sedum
1 | Hemerocallis dumortieri | ZPA|45=2] | Liliaceae 40~70 6~7 50 1~15 -
tall plants | 6 | Belamcanda chinensis WA Tridaceae 50~100 | 7~8 | 30~50 - -
= 0em | o Aster yomena &30l | Compositae | 30~100 | 8~10 | 8~10 3 ovate-oblong
Shrub 10 | Hydrangea paniculata | Y543 | Saxifragaceae |200~300| 7~8 | 5~12 | 3~8 elliptical

* Categorized for your convenience in this study, is not absolute figures
Reference. Reconstruct the contents of the fNational Species Information System(web site),
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a. Type I b. Typell c. Typelll

1. ZYN 432l (Hemerocallis dumortieri), 2. Z27YC|(Phlox subulala) 3. S -3 (Allium senescens), 4. FH 5=
(Polygonatum odoratum var. pluriflorum f. variegatum), 5. %533 (Aster koraiensis), 6. 43| (Belamcanda
chinensis), 7. 24719 Z(Sedum takesimense), 8. /S‘ﬂﬂ?—%k(Thymus quinquecostatus var. japonica), 9. 711 (Aster
yomena), 10. ‘%—?—?E(Hydrangea paniculata)

Figure 2. Plan by polyculture.

Table 2. Plant of combination by plan type.

Type Vegetation type No. Scientific name
2 Phlox subulata
small plants
3 Allium senescens
) 4 Polygonatum odoratum var.pluriflorum f.variegatum
Type [ medium plants
7 Sedum takesimense
1 Hemerocallis dumortieri
tall plants
10 Hydrangea paniculata
small plants 3 Allium senescens
Type I medium plants 7 Sedum takesimense
tall plants 9 Aster yomena
small plants 8 Thymus quinquecostatus var.japonica
Typelll medium plants 5 Aster koraiensis
tall plants 6 Belamcanda chinensis
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Table 3. Site’s environment.
Classification June July August
Max. 29.7 324 30.6
Air teg?g)erat‘“e Min. 214 262 175
Avg. 25.6 279 234
Relative humidity(%) 52.1 74.3 56.4
Duration of sunshine(hr) 55 6.7 10.3
Cloud amount 7.6 6.6 3.0
T A B F b, B EFAA 53 ool A% BH A5 % Jugs
Atole] Aolg BAshe Aol FHE Fu A v ANAcw sl o, FYEId ] A
Pegons = JPe v 9 Ao B S ThE AR5 wsel cAE A% 2 9%
ot =rb ASA R A2 FEE B o=
6dollx 74 o] 3 Fol| wet thi A7}
2. MSAE) 24 Foixl Atz AAAH, FHle &l
HdA W AEEe] A5de dHEoF dE otih o B n2oM Aol fadte SEE
7b 3] B, S ¥, FE, Ax ANte A¥AT 27K Rhie et al., 2013)9}
3R A Brke A9 29 e $ Apeh Wigto 2 Aot
ki Apol7h UNY A2 Y TH(Table 4). A 6d7kA] Fastioy 744l

Table 4. Monthly covering and growth of plants.

June July August
Family name Scientific name
Covering | Growth |Covering | Growth | Covering | Growth
Hemerocallis dumortieri o* ©) @) @) (@) @)
. Allium senescens @) O @) ) (@) ©
Liliaceae
Polygonatum odoratum var. o _ o B _ _
pluriflorum f. variegatum
Aster yomena @) @) @) ) @) ©
Compositae
Aster koraiensis @) @) @) @) @) ©
Polemoniaceae Phlox subulata O @) ¢ @) o) —
Crassulaceae Sedum takesimense O ©) @) @) @) @)
Tridaceae Belamcanda chinensis ©) O @) O (@) @)
Labiatae Thymus qu.mque.costatus o o o B B B
var. japonica
Saxifragaceae Hydrangea paniculata @) - @) - - -

*© : excellent, O : good, — : poor
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Table 5. Mean Analysis of surface temperature per types.

HH2E=E SPSS 18(Statistical Package for the
Social Science, SPSS Inc.) ZZ 1S &-85}c]
|ESAEA, L9uA] 24 %4 = e
913k Duncan AFFAA S AASI 12 H
= FAFE 95%94 FAdEA S 3
om 1 ﬁd}—“— Table 59} 2t}
SEAA T 3 FEY 2AES] €Y ®
ek Bl B4 23, A 7|3t 24 237
E &7 43.2°CA 48.6°CE A=
12°C, A= 17°C7HE &2 Ao & Yeste
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\I

ru1ru

Aol 2 Kol = Fe
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Atk 799 7

H, 849 7§Tv & 315
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EAA /oS Holy &

of SEAREIHT} 2 Ao BAESITh
689 4 FI1°] &

BLUJ

Mean * Standard deviation(°C)
Month Concrete
Type I Type I Typelll
ype pe ype (control)
June 33.1£0.4 °% 31.8+0.7° 31.6+0.5° 475+1.3°¢
July 31.8+0.5° 31.6+0.2° 31.0+0.5° 432+13°
August 31.5+1.6° 30.8+1.3° 34.6+1.1° 48.6+1.1°¢

X Mean separation within columns by Duncan’s multiple range test, p<0.05
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Uebdth f33E 34.55°CE v 844 Duncan-4 AR S At Bage £
ol Hlgte] of 3°CrHF ol REAAEII} = 95%°1A frad s Fdeslon 1
AR HolAe EFE Ei‘%tﬂ °ol& 7"-‘4’*‘ t}-&7} 2THTable 6).
31.53°CS! @13} 30.78°CQ1 fr@2e T 2 A] S F F 8T TAES] 6¢ HUL
B A7IR 2] A% S 71 195 Az = vmw £4 A3, ZAYES FHLEEs
o 7AZ th(Table 5). 47.48°C2 7353 T2 A Aol ]}
A7 ze AABAIRY A7t AE Adle 7°C, BAle 13°C7h =2 A o® e
Aoz AFo| oot IAEH 7L Sk weow FAACE foio] e Ao 4
Table 6. Mean Analysis of surface temperature per species in June.
Classification N Mean(°C) S.D(°C) F(df) Sig.
Hemerocallis dumortieri ®* 4 35.53 0.33
Allium senescens ° 4 36.50 0.57
e e s s
Aster koraiensis ™ 4 34.73 0.43
Belamcanda chinensis ™ 4 35.65 0.44 178.198) 0.000"*
Sedum takesimense * 4 37.58 0.54
Aster yomena® 4 34.18 0.33
Phlox subulata © 4 40.00 0.50
Concrete ' 4 47.48 1.32

** p<0.001

X Mean separation within columns by Duncan’s multiple range test
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Table 7. Mean Analysis of surface temperature per species in July.
Classification N Mean(°C) S.D(°C) F(df) Sig.
Hemerocallis dumortieri ™ 4 33.30 0.27
Allium senescens® 4 34.53 0.56
v, o . vareguun® | s | ol
Aster koraiensis * 4 33.03 0.40
Belamcanda chinensis ™ 4 33.60 0.88 6402(8) 0.000"*
Sedum takesimense *® 4 33.30 0.97
Aster yomena ™ 4 33.50 0.96
Phlox subulata® 4 34.38 0.57
Concrete 4 43.15 1.34

** p<0.001

X Mean separation within columns by Duncan’s multiple range test
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Table 8. Mean Analysis of surface temperature per species in August.

Classification N Mean(°C) SD(°C) F(df) Sig.

Hemerocallis dumortieri *™ 4 35.85 2.85
Allium senescens * 4 37.00 1.53
R 03| 2%
Aster koraiensis® 4 35.45 0.99

Belamcanda chinensis * 4 37.10 1.27 26.72(8) 0.000"*
Sedum takesimense * 4 34.45 0.99
Aster yomena* 4 35.85 1.14
Phlox subulata® 4 36.38 1.81
Concrete 4 48.55 1.07

*** p<0.001
X Mean separation within columns by Duncan’s multiple range test
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Table 9. Comparison tests of surface temperature in plot.

Mean * Standard deviation(°C)

Classification
June July August
Type I 33.08 + 0.40 ** 3175 + 048 *° 3153 + 1.63°
Polyculture Type I 31.83 £ 0.68° 31.60 £ 022° 3078 £ 1.35°
Typelll 3158 + 051° 31.03 + 0.53° 3455 + 1.11°

Hemerocallis dumortieri

3553

+ 0334 3330 + 027° 3585 + 2.85°

Allium senescens

36.50

+057° 3453 + 0.56 ¢ 37.00 + 1.53°

Polygonatum odoratum
var. pluriflorum f.variegatum

40.18

+ 053¢ 34.58 + 0.61 ¢ 4035 + 2.32°¢

Monoculture Aster koraiensis

34.73

+043° 33.03 + 040° 3545 + 099 °

Belamcanda chinensis

35.65

+ 0449 33.60 + 0.88 >4 37.10 + 1.27°

Sedum takesimense

37.58

+ 0541 3330 + 097° 3445 + 099 °

Aster yomena

34.18

+033°¢ 33.50 + 0.96 ™ 3585 + 1.14°

Phlox subulata

40.00

+ 0508 3438 + 0.57 3638 + 1.81°

X Mean separation within columns by Duncan’s multiple range test, p<0.05
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