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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
'Miss Thymus
quinquecostatus var. japonica, Sedum species can mixing each other. Among them, the vegetation models including Sedum

plants of Aster sphathulifolius, Aceriphyflum rossii and Belamcanda chinensis, shrub of Syringa patula Kim',
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 25° x 19°/ 0.4 m

Object temperaure ranges | 20°C to +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 USA
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Unit No. Experimental material Unit No. Experimental material Unit No. Experimental material ~ Unit No. Experimental material ~ Unit No. Experimental material
1 Zoysia japonica 5 T. quinquecostatus var.japonica 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 Wiater
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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Table 2. Means of monthly environmental factor (measured 2p.m.)

Mean Temp.  Mean Humidity Mean light intensity
Years  Month (©) %) )
Oct. 215 42.0 30,206
2012 Nov. 10.6 25.9 22,400
Mar. 177 317 62,475
Apr. 232 29.6 75,370
May 30.5 30.5 78,660
2013 June 304 348 93,980
July 31.0 575 49,450
Aug. 31.9 53.0 81,980
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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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Table 4. The combination of plant materials
vegetation models  Plant name
Table 3. Plant materials used in this experiment — -
Grass Zoysia japonica
_ vegetation Unit ) Plant Flowering Ground cover Phlox subulata, Sedum oryzifolium, Sedum
Combination type No. Species height (Month) plants sarmentosum, Thymus quinguecostatus var.japonica
(cm) o Sedum middendorffianum, Sedum kamtschaticum, Sedum
Grass 1 Zoysia japonica 10-20 sarmentosum, Sedum takesimense
2 Phlox subulata 10 4-9 Sish Sedum takesimense+Aster sphathulifolius, Aceriphyllum
Ground 3 Sedum oryzifolium 512 67 rossii, Polygonatum odoratum var. pluriflorum
Monoculture cover 4 Sedum sarmentosum 15 89 SHSheTh S. middendorffianum+Belamcanda chinensis +Allium
plants Th . senescens, Lythrum salicaria
5 ymus qumquecostatus 6 SHShHTheSt Sedum kamtschaticum+Belamcanda chinensis +Allium
var.japonica senescens +Syringa patula 'Miss Kim'
7 Sedum kamtschaticum 530 67 * S Sedum
8 Sedum takesimense 30-50 7-8 S+Sh 1 Sedum + Small herbaceous
Sedum S+Sh+Th : Sedum + Small herbaceous + Tall herbaceous
6 Sed iddendorffi 20 6-8 .
edum middendortfianum S+Sh+Th+St : Sedum + Small herbaceous + Tall herbaceous + Small tree
4 Sedum sarmentosum 15 8-9
9 Aster sphathulifolius 30-50 7-11
22) Lee, EH., EJ. Cho, MY. Park, D.W. Kim and S.W. Jang, “Selecting
Small 10 Polygona_tum odoratum 30-50 4-5 Plants for the Extensive Rooftop Greening Based on Herbal
Mixture herbaceo- var. plurifiorum 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 59 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- “ v licari 1 Relationship of Ground Cover Plants for Artificial Roof Greening,
us ythrum salicaria 0 68 Pro. Kor. Soc. Env. Eco. Con. 2012
Small 15 Syringa patula “Miss 100- o 25) Ministry of Environment, “Technology Development for Restoration
tree Kim' 200 Natural Ecosystem of Urban Artificial Ground” Final report, 2008
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Fig. 3. Mean surface temperatures per plots (Error bar = mean+S.D.)
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26) Lee, DK, SW. Yoon, SH. Oh, and S.W. Jang, “The Effect of
Temperature Reduction as Influenced by Rooftop Greening” J. Kor.
Env. Res. & Reveg. Tech. 8(6) : 34-44, 2009

27) Hideki, T., M. Masakazu, “Study on the urban heat island
mitigation effect achieved by converting to grass-covered parking”
Solar Energy. 83 : 1211-1223, 2009
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Table 5. Changes in surface temperature per units ()
Types Unit 2012 2013
Oct. Nov. Mar. Apr. May June July Aug.
Grass Zoysia japonica %63 66a 176b 246abcd 336cd  553a  3H6a 412 a
Phlox subulata %2a 80a 190b  260akc 3B5hc  593a  3B6a %4 a
Ground Sedum oryzifolium %8a 75a 196 b %65ac BBhc  6L9a  365a U7a
cover plants  Sedum sarmentosum 2%5a 8la 192 b 24labed 338cd 578ab  373a 364 a
Thymus quinquecostatus var.japonica 2%50a 80a 193 b 247 abed 341 cd 55.9 ab 33a A8a
E-soil %3a 72a 197b  278a 317cd  670a %63a 36 a
Unplanted Volcanic rock 271a  80a 26a 253 abed 396 ab 57.3 ab la 37la
unit Bark 26a  82a 01a 272a  42a 6L7ab  32a 38la
Water 195b  40b 203a  219d 25d %B2b UT7a U8 a
Sedum ::gLii?;iﬁgzianum' §. kamischaticum, S.sarmentos.m, %6a 6la  196b  28cd  323cd 567ah  3B2a 372a
S+5Sh ;ut?:f;manseﬂ. sphathulifolius, A. rossii, P. odoratum var. %0a 68a 191b  231cd  336cd S22a&  3B64a 302a
S+Sh+Th S.middendorffianum+B. chinensis +A.senescens, L. salicaria %9a 87a 188 b 244 abed 347 cod 519 ab 366 a B2a
S+Sh+Th+St  Skamtschaticum+B.chinensis+A.senescens +S.patula 'Miss Kim' 261a  68ab  188b 26bed  3B9cd 4943  373a 34 a
* Mean separation within columns by Duncan’s multiple range test, P = 0.05
A54(6~89)9 REUHZY A, F2E7} 04T S <& W stFol 7hed e WelAMetd sAEA 3
Yebd 64l wls) <] F2=7F 247 31.0, 31.9CHE 7.8 /o] LEAZF FEF dicte]l  F UAS AHolg
4o g, A 2=a7F A AT sHLET} doEd
AAA ez o @A delged, ol 7€ Eo 6dol H
3l 7ol ofF Tl o] EopxWel 7]& A(Fig. 2) 5. =
o #edth 53 25 A9, 4T T4 ==
& T AFFEAYE-soi)7F & X BF 2=V AN EHE Zolr] 9§ AUA B2y 4=
A GERLEE ol AR skl B Wl dAel A g Aqmae 74 Ade ROR, SedumF 9 F
AEAZE AAL, B Wl SRl ST ek ABE mz owng g3 vagedY 5o 22, YR 4
TE STl EobH mHLETF Wolxl o= A z3o] sMEsitt wat BelzwE =59 x&A 4x
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ERE7E FEsH e o gl Aol wis] A, A%, ET TEBY A ey S AEo A
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28) Korea Meteological Administration, Monthly weather report, 2013

29) Cho, SM., Y.H. Yoon, ER. Ryu, BJ. Park, and W.T. Kim “The
Influence of Land Cover and Zoning on the Urban Heat Island in
Cheongju.” J. Environ. Sci. 18(2) : 169-176. 2009
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