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Abstract

Green roofs can reduce surface water runoff, provide a habitat for wildlife moderate the urban heat island effect, improve building
insulation and energy efficiency, improve the air quality, create aesthetic and amenity value, and preserve the roof's waterproofing.
Green roofs are mainly divided into three types : intensive, simple-intensive, and extensive. Especially, extensive roof environment is a
harsh one for plant growth; limited water availability, wide temperature fluctuations, high exposure to wind and solar radiation create
highly stressed environment. This study, aimed at extensive green roof, was carried out on the rooftop of the library at Seoul
Women's Univ. from October to November, 2012 and from March to August, 2013. To suggest the most effective vegetation model
for biodiversity and heat island mitigation, surface temperatures were monitored by each vegetation model. We found that herbaceous
plants of Aster sphathulifolius, Aceriphyllum rossii and  Belamcanda chinensis, shrub of Syringa patula 'Miss Kim', Thymus
quinquecostatus var. japonica, Sedum species can mixing each other. Among them, the vegetation models including Sedum
takesimense, Aster sphathulifolius, Thymus quinquecostatus var. japonica was more effective on the surface temperature mitigation,
because the species have the tolerance and high ratio of covering, and also in water. Especially, in the treatment of bark mulching,
they helped to increase the temperature of vegetation models. In the case of summer, temperature mitigation of vegetation models
were no significant difference among vegetation types. Compared to surface temperature of June, July and August were apparent
impact of temperature mitigation, it shows that temperature mitigation are strongly influenced by substrate water content.
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Table 1. Specifications of FLIR T 200

Specifications

Field of View (FOV)/

Close Focus Limit 257 %197/ 04 m

Object temperature ranges | 20°C (o +120°C (4°F to +248°F), 0°C to

350°C (32°F to 662°F),
Optional up to +1200°C (+2192°F)

Operating temperature range | -15°C to +50°C (5°F to 122°F)

Storage temperature range | -40°C to +70°C (-40°F to +158°F)

Accuracy +2°C (£3.6°F) or +2% of reading

Thermal sensitivity (NETD) 0.10°C @ +30° (+86°F) / 100mK

Infrared ray resolution 200 x 150(30,000) pixels

Produced by US.A.

90

2. 0|24 nE o A7 xHEY

N

1 gy=3l0| £8

SA=3 fFyd o] #HLFTEA et T
(Intensive green roofs), ©<=3#8] ¥ (Simple-intensive green
roofs), | ZW ¥ (Extensive green roofs)2Z UE F
o9, & 3 ok (Intensive green roofs)® 7%, 20cm
ol EA FFHY FAFH T ol§Ade 2HS&
gro] AEel FHZo] &olalH MERE xS 2EF
9oyt #E uE T5 A A Jheste &2 I
Aoy, HF F AH FO HQFET}

=
EIE_
=
=
o —’E*}ﬂsﬂ(Slmple intensive green

green roofs)2] -9, 4~10cmu &9 B E4ld 3Ts
o @A g AE 5o dEaTEsE vl fAHEo] A
AE = ool ey F= A FH o] gAY §
o] Agho]l e A& 24 HFsta HARRANS
kel I %«] B $H2EH 2o TS Lo}

[of
-

)
=

XU

2 W23 #ert golgh
’d 3 oF 0}‘:'4 ol & -,/10}01 F2Ao] W21 3
Aol Mol AFsrhio o]ald EE9
2 Sedum¥T 2Eo] ol&HY, FERHF o
Aol Zstal Aol A9 53 #YRWE S

= gt} eh),

oo T
2 oo O o = o kI ol

>

A

4) Jang, HK, HJ. Youn, and EH. Lee “A study on Competitive
Relationship of Ground Cover Plants for Artificial Roof Greening,” ,
Pro. Kor. Soc. Env. Eco. Con., 2012

5) Ministry of Environment, “Technology Development for Restoration
Natural Ecosystem of Urban Artificial Ground” Final report. 2008

6) Jang, HK, EH Lee, “Covering Types and Covering Ratio
Changes of Planted Species on an Extensive Green Roof” J. Kor.
Soc. Env. Eco., 25(3):404-411, 2011

7) Han, SW., HK. Jang, and JS. Kim, “Research on the Surface
Temperature of Greenery Plants for the Quantization of the
Urban Heat Island Effects” Pro. Archi. Inst. Kor. Con. 32(2) :
247-248, 2011

8) FLL, “Guidelines for the planning, execution and upkeep of green
roof sites” 2002

9) Lee, EH., HJ Youn, JA Lee, MJ Im, and S.W. Jang “A Study
on the Planting Classification of Herbaceous Species on Rooftop
Greening Space” Pro. Kor. Soc. Env. Eco. Con. 21(1) : 11-115,
2011

10) White, JW,, E. Snodgrass “Extensive green roof plant selection
and characteristics In: Proc. of 1Ist North American Green Roof
Conference: Greening Rooftops for Sustainable Communities,
Chicago. 29-30 May, 2003

11) Getter, KL., D.B. Rowe “The role of extensive green roofs in
sustainable development” HortScience 41(5):1276-1285. 2006

12) Getter, KL., D.B. Rowe “Media depth influences Sedum green roof
establishtment, Urban Ecosyst. 11:361-372, 2008

Journal of the KIEAE Vol. 13 No. 5 2013.10



22 M3 & AN E BE 2EALS el oy AHF{F o=
B ELHAFE Ol HFstA Estal ZWEFo=
Belz=d S W HeaA A e FaAel F A E A7 YAk =3 Daisuke N.(2009)19 Zo] =
AHEM S4 W 2275 23 9IFD A=A B AW e E A 2E R BE3 AT, AHEsy
AR Aol o] FoX AL I, Ty dAdFow o] Ao ZAEEZ o] g3 Age HE xzgI
Sedum ©l9le] 2EF AN EE thefstA] X3, & Tz S QTHE S 54 Qolx xAH=3lo] bl =
ZXEAHANA 2008 =7A Aer S3=3E AdAd S o IR9sEFE YeE Aol AT JimP Tsang
Fotel AR AbA W A E 24 A AlE e (2012)209] AFoNA = HES AT FF, 10cme] EA
AR == 2183% 2 EE AYAA F FTF/H o3 A AAE do] W AgaTst FolEgon s =
HRE A%, 53 #eeTErt ¢ F3le Sedum (20118} AFollA e S4=3A Wl JAELe] Hlee A
7 ol9lel Aol o848 AEle fle AoE dEigth Aoz AA FE2FLS a7 B ol g o= HA
1 2,000 | | | 1 Ll |
| bod 1000 [s0¢ |
6|7 716 B |9 |9 |8 122113 13)12 7 IJ]I] 7
§ z 3 16 e 4 |8 |8 |4 winjnjw 6 |M|lM|s 2 15 2
o~ ! i " 6|7 |7 )6 8 |9 |9 |8 (FA RN REY B 7 15 12 - re etition 1
N b 7 " 4 |8 |8 |4 wlnmjnjo 6 |M|4|s 7 I]ll! 7 p
__§ Path
§ 8 |7 |7 |8 81919 |8 LEA REN REY 7 UIU 7
=1 I 3 L L 4 s |8 |4 wln|ulw| |s|u]|u]s HIERE | o - repetition 2
® 8 |7 |7 |8 8199 |8 LEA REN REY B F 7 15 2 :
4 § v " 4 |8 |8 |4 wjnmjnjwo 6 ||l HU|s ? l]Ill 7
-- repetition 3
6 |7 |7 |8 819 |9 |8 (LA REY Y RH 7 ulu 7
16 16 2 3
4 |8 |8 |4 fojnjnjio 6 |6 2 15 2
» sl7171s gloalals 12131312 12 15 12 !
17 18 4 5
4 |s|s |4 wlulnle 6 |1u|4)6E 7 I]IIJ 7
19,500

Unit No. Experimental material Unit No. Experimental material

Unit No. Experimental material

Unit No. Experimental material ~ Unit No. Experimental material

1 Zoysia japonica S T quinquecostatus varjaponica 9 A sphathulifolius 13 B. chinensis 17 Volcanic rock
2 Phlox subulata 6 S middendorffianum 10 P. var. pluriflorum 14 Lythrum salicaria 18 Bark
3 Sedum oryzifolium 7 S kamtschaticum 11 Aceriphyllum rossii 15 S patula 'Miss Kim' 19 Water
4 S. sarmentosum 8  Sedum takesimense 12 Allium senescens 16 E-soil Path  Zoysia japonica
* Refer to table 3 for plant materials
Fig. 1. Experimental green roof plan
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SedumT &} ZEFE 28 471K FFo|tH(Table 3, 4).
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Table 2. Means of monthly environmental factor (measured 2p.m.)

Mean Temp. Mean Humidi Mean light intensi
Years  Month ©) P %) ty Eglux) ty
2012 Oct. 21.5 42.0 30,206
Nov. 10.6 25.9 22,400
Mar. 17.7 31.7 62,475
Apr. 23.2 29.6 75,370
2013 May 30.5 30.5 78,660
June 304 34.8 93,980
July 31.0 575 49,450
Aug. 31.9 53.0 81,980
259 &5 Testo 625, 2E= Testo 540& o] 83+
St o AFFS 7134 (http//www kma.go.kr)&] A
$¥22 98 dolHE FERYD 10-119 (F)9 2=
M+ 106-215C, EHIAE 259-420%, Z=WHH+=

22,400-30,206luxs UElWon, 3-59(8)9 L=HAE
17.7-305C, =9 E 296-31.7%, =W = 6247578,
660lux, 6-8Y (&) =W 304-319C, F=EHAE=
34.8-575%, ZEWYE 49450-93980luxS JERAAT. 7
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19) Daisuke N., Natsu T., Katsuya H., M. Minoru. “Development of an
environmental thermal load evaluation system for the purpose of
mitigationg urban thermal environment Part 3.” The soc. of
Heating, Air conditioning Sanitary Eng. of Japan. 153 : 1-11, 2009

20) Jim CY., SW. Tsang, “Biophysical properties and thermal perfor
mance of an intensive green roof” Build Envion. 46:1263-1274,
2012

21) Nardini A., Andri S., M. Crasso, “Influence of substrate depth and
vegetation type on temperature and water runoff mitigation by
extensive green roofs: shrubs versus herbaceous plants” Urban
Ecosystems. 15 : 697-708, 2012
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Fig. 2. Monthly mean precipitation in Seoul
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S W 24 o] 7Tk, QukA o 7 SR B ddAe tdzt 353 RUEES B8 A
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18 ATaAE mEd AT ey oy Add FEW AE FolA Ry A= 249 15
o] 7} Ao xS mazleiaete TS AR oot #Hste] AAAEF A=
5oz e EAolA A7t Fseke Ay % Table 3% 2k
A3AER 24 U AA7} 7psE A2 uE2E Table 39 AE& thdo g st =33 6714 2 A+
o o7l EIZ ol A 2y o]} @2 Table 49 2t} 7o} 254 A= 2744 4
2Ly 24 U AE IS A ES A A 2 AYE Infd 36578 FLAANSFAIL, Sedum
Z2UE, Ad 2] 2o}, F 2FFIY <SedumF FFHE, Sedumit+7] A =
Sak g 24 Z=H ZZ3 27 59 B, Sedumtr+7) A& 28+7] & 28, Sedum¥+7] %
Aoz s 23517] wEof < 28 SedumT+7) A& 2E+7] & 2E+AEF> 4
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& AlEel AH ted 2 A A g
Table 4. The combination of plant materials
vegetation models  Plant name
Table 3. Plant materials used in this experiment — -
Grass Zoysia japonica
vegetation Unit Ple.mt Flowering Ground cover Phlox subulata, Sedum oryzifolium, Sedum
type No. height (Month) plants sarmentosum, Thymus quinquecostatus var.japonica
(cm) - Sedum middendorffianum, Sedum kamtschaticum, Sedum
Grass 1 10-20 - sarmentosum, Sedum takesimense
2 10 49 S+Sh Sedum takesimense+Aster sphathulifolius, Aceriphyllum
Ground 3 Sedum oryzifolium 512 67 rossii, Polygonatum odoratum var. pluriflorum
cover 4 Sedum sarmentosum 15 89 S4ShiTh S. mlddendo;ﬁianum—%—szlan?canda chinensis +Allium
plants T ) . senescens, Lythrum salicaria
5 lymus. quinguecostais 6 S+Sh+ThESt Sedum kamtschaticum+Belamcanda chinensis +Allium
senescens +Syringa patula 'Miss Kim'
7 Sedum kamtschaticum 530 6-7 * G - Sedum
8  Sedum takesimense 30-50  7-8 S+Sh : Sedum + Small herbaceous
Sedum S+Sh+Th : Sedum + Small herbaceous + Tall herbaceous
. ’ !
6 Sedum middendorffianum 20 68 S+Sh+Th+St : Sedum + Small herbaceous + Tall herbaceous + Small tree
4 Sedum sarmentosum 15 89
9 Aster sphathulifolius 30-50  7-11
22) lee, EH., EJ. Cho, M.Y. Park, D.W. Kim and S.W. Jang, “Selecting
Small 1o Polvgonatum odoratum 5 (0, o Plants for the Extensive Rooftop Greening Based on Herbal
herbaceo- Plants” J. Kor. Env. Res. & Reveg. Tech.. 10(2) : 84-96, 84-96,
us 11 Aceriphyllum rossii 30 5-6 2007
23) Lee, DK, SW. Yoon, SH. Oh, and S.W. Jang, “The Effect of
12 Allium senescens 20-49  5-9 Temperature Reduction as Influenced by Rooftop Greening-" J.
Kor. Env. Res. & Reveg. Tech. 8(6) : 34-44, 2005
Tall 13 Belamcanda chinensis ~ 50-100 6-8 24) Jang, HK, HJ. Youn, and EH. Lee, A study on Competitive
herbaceo- - Relationship of Ground Cover Plants for Artificial Roof Greening,
us 14 Lythrum salicaria 120 68 Pro. Kor. Soc. Env. Eco. Con. 2012
Small |5 Syringa patula "Miss 100- 25) Ministry of Environment, “Technology Development for Restoration
tree 200 Natural Ecosystem of Urban Artificial Ground” Final report, 2008
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4. ARneE 2 oM 7] A 2EF 2 2BF AT 2271 87C

2012 10~11€, 20139 3~5€, 6~8¢ &< EUHH
< 5319 A e € FHLSTE SPSS version
15.0(Statistical Package for the Social Science, SPSS
Inc.,2006) ZTEI1WE o] &3t 71E€EAEA 2 Duncan
9] tE=AAH(Duncan’s multiple range test) &2 9
TE B%ANA Fod A4S FdEIdn 1 Ade
Table 59 2Tt
2012 9¢ =4 F 10~114€, 2013\d 3~5€, 6~8€7}

27 AR Gyt EE ol &ste &4 W ®H™
AAS A3 7FSE 1089 A5 953

25 279C<lH
26.3~276C=E o
Eko}t 195C<

Z. japonica

P. subulata

S. oryzifolium

8. sarmentosum

T. quinquecostatus
var.japonica

Voleanic rock

S$+Sh+Th

S+Sh+Th+St

Grass Creeping plant

a) October-November, 2012
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Fig. 3. Mean surface temperatures per plots (Error bar = meantS.D.)
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Belad Ssel A Evies s / &34 - 2% oles]
Table 5. Changes in surface temperature per units (TC)
Types Uit 2012 2013
Oct. Nov. Mar. Apr. May June July Aug.
Grass Zoysia japonica 256 a* 66a 176D 24.6 abed  33.6 cd 553 ab 356 a 412 a
Phlox subulata 262a  80a 190b  260abc  365bc 593  366a 3544
Ground Sedum oryzifolium 258a 75a 196b  265abc  356bc  619ab  365a 47a
cover plants  Sedum sarmentosum 255 a 81la 192b 24.1 abed 338 cd 57.8 ab 373 a 364 a
Thymus quinquecostatus vatjaponica 250 a 80 a 193 b 247 abed 341 cd 559 ab 373 a 348 a
E-soil 263a  72a 197 b 278 a 317 od 67.0 a 363 a 346 a
Unplanted Volcanic rock 271 a 80 a 26 a 253 abed  39.6 ab 573 ab 39.1a 371 a
unit Bark 276a  82a 201ab 2722  412a 67ab  392a 381a
Water 195b  40b 203ab  219d 2954d 352b 347 a 48 a
Sedum i:gﬁif;iigianum’ S. kamischaticum, S.sarmentosum, %6a  6lab  196b  28cd  323cd 67 382a  32a
Sish S. ttfkesimenseJrA. sphathulifolius, A. rossii, P. odoratum var. %502 68 ab 191 b 21 a 336 od 22 b 364 a 22 a
pluriflorum
S+Sh+Th S.middendorffianum+B. chinensis +A.senescens, L. salicaria 259 a 87a 188 b 244 abed 347 od 51.9 ab 366 a 382a
S+Sh+Th+St  S.kamtschaticum+B.chinensis+A.senescens +S.patula 'Miss Kim' ~ 26.1 a 6.8 ab 188 b 2Z6bed 339 cd 494 ab 373 a 364 a
* Mean separation within columns by Duncan’s multiple range test, P = 0.05
AEFd(6~89)9 REUHY Ay, YgF2=7F 304CE <& W skEel 7hsd S WolAe FAEA 3t
Uebd 64l wls) ojF&=r7t 22 310, 319CA4E 7.8 Zgol A7 FEF digte]l 2 F AS Aol
4] Ag, A2l 2=A7F Ada AT =7 aodEo
HAAH R o @A UetgEd, ol 78 £ 6€0f Hl
3 5ol oF T o4 molgmol AT AFig. 2 s =
o @udt 53 Fx28 A9, AT FAAT "=
& x@sta dedEAN(E-sl7h & & BE 257 QYIS EF}E Eoly] U AW B2WY S
S HEREE ol AR /lstel B W A A go) Axnde 74 Aele AUF, SedumF 9 Tl
AZAZL 7L, B Wl FE] S7RA Het A%E nx gns g nagodg 5o 2B BEF 4
TR SEaEe] wolAW ERMEETE ok ALE, gzgo) sleaith mR BURWY mstel A&y #4
RNEd= AAel dae geld SHOR 3l SARE w epxge s 422 BY A Aud &
7 =87 djEe R ATH™ o]d Hlaf siqbA I vpA9) A A= Ao &8st}
B T SR “—?—EJP wer] gz diFoen 2= m7]E 2HS oM PEo] Justy WS HB
b wskd ez . 68 A 188 VA £ g £ g AEEe M™se o] For), 9% v
=37 FEsHA UrEW:QU% G A A ol s A A, A7ex, 2 2B A2 AwMgdF o] AZo| A
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A Tel LB ot O ¥e Ao Ushgid, ol: AA AT WA F vk B AT
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FZAYe A, 4~74, 10€ AT F /M 2= 28) Korea Meteological Administration, Monthly weather report, 2013
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