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ABSTRACT

KEYW ORD

The cool surface ratio could be used as a proxy of the overall thermal environment contributing to heat islands in ~Z5 0 H|g
urban area. This research proposes a comparative evaluation framework in an objective and quantitative way for ~ CH&F ZTHA

measuring cool surface ratios. Two university campuses (Kyungpook National University: KNU, South Korea and UC
Davis: University of California, Davis, USA) were selected as case study sites in order to monitor cool surface

H gt

Cool surface ratio

condition. Google Earth combined with digital maps realistically identified the major type of cool surfaces such as cool  University campus
roofs and water bodies in the study area. Cool surfaces were sparsely identified over the KNU campus while the UC ~ Remote sensing
Davis campus was heavily covered by cool surfaces such as cool roofs and water bodies, resulting in almost four times ~ Comparative evaluation

more first-grade cool surfaces, as compared to KNU. It is confirmed that standard remote sensing technology can offer
the viable method of measuring and comparing the campus-wide cool surface condition. It is anticipated that this
research output could be used as a valuable reference to initiate a nation-wide cool surface strategy since objective
evidence has been provided based on area-wide measurement for the cool surface in the two university context.
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Table 1. Classification criteria for cool surfaces

2219} 2o HRE ] TEH Aetste], LS 7)EL
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i}

o|HRES} BA o] Y AHAY BN 25T 1E S BRI
Tsol BAH 02 255 202 el efpR AU A WALE
40042 A, 3

2 ﬁ:rLoﬂ/ﬂ% A7 SRS 28
A (texture) 9] &}ol= 1

LEED= W A7 52299 4 ¢ a4 7S gAlst
17 QItK(Table 1). o] Aol 7HEH 219 Y ALol= AS5ES AT
HAHA O] 50% F= A HAHA 0] 20% o] = =A A GO §

2% A9 7 & S 4 Qloh 9] 5 A S QIS A= A AR
=2)gof what 25% oS 17, 20-25% 1T 253 5 A A
Ao ol 2-A e =2 05*354 =2 B 24 52 9] vlgof it
2t - Fofsta qlrt. %‘EH HAE H717]2ol A AAA R 57,
F37h QA =2, S 53 T2 5 120 3 E 9

e A e 8 o], 4 A Lo 4 Ao 2
s%wmﬂﬂaw A R, o] % 7]

Classification criteria

LR ROES applied in this study
) Flat Roof : > SRI 78%" Seoul metropolitan region : > SRI 60%#4)
Ingﬁl;mous Cool Roof Stiff Roof : > SRI 29%” Southern region & Jeju Area: > SRI 70% 2 SRI 65%
ace
Cool Pavement | > SRI 29% 2 not available > SRI 30%
Biotope ratio is scored according to natural green di
. > g to Degree of
Green Space | add points if > green space 20% > space, water bodies, artificial green space, rooftop according 6)
Psi;f‘/ious greening etc. Green Naturality (DGN)
ace

There is only criterion about utilizing water

Water Space
resources.

There is_only criterion about utilizing water DGN
resources.

1) Solar Reflectance Index (SRI.) is a measure of the ability to reject solar heat. SRI for standard black (reflectance 5%, emittance 90%) is O while SRI for

a standard white (reflectance 80%, emittance 90%) is 100.

2) LEED (Leadership in Energy and environmental Design) Version 2.2, 2005.

3) LEED Credit 5.1 Site Development-Protect or Restore Habitat, Credit 5.2 Site Development Maximize Open Space
4) Kim, Ok, Rhee and Eon-Ku 2010, Performance Standards of Cool Roof in Korea'”

5) Green bu11d1ng selection criteria, 2013 Ministry of Environment/Ministry of Land, Infrastructure and Transport

6) Classification criteria for Degree of Green Naturality 1991, Ministry of Environment

Table 2. Grading criteria according to solar reflectance for impervious cool surface

Color (SRI) Grade in this Color (SRI) Grade in this
Almond(67.1), Satin Finish Galvalume (74), Acrylic Coated Aged Bronze (29.66), Antique Copper Cote (29.3), Award
Galvalur(ne (%7)’ Natural White (75_93)( ), Acry 1 Blue (17.2), Bristol Blue (30.3), Buckskin (39.71),
Champagne (34.95), Colonial red (33.03)Forest Green 3
(34.42), Hemlock Green (30.92), Mattle Black (28.7),
Copper cote (45.24), Shasta White (60), Parchment (51.72), P Medium Bronze (31.39), Sierra Tan (34.81), Terra Cotta
Zinc Cote (52.45) (31.66), Zinc Grey (37.88)

Source: The Texas Smart Roof™, 2014'¢
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Table 3. Grading criteria for pervious cool surface

Range Title I()}(r}aI:iI: Grade f&%gregh (0 Note
Hydrosphere Water 0 1 stream, river, lake
Plantation 6 2 Planted tree such as broadleaf trees or needle leaf trees
Soondry Goslnd) | 4 3 Pimarly izl greslnds i, comprsidy sl
lLzws Secondary Grassland(B) 5 Secondary colonized grasslands with tall vegetations like reeds
Farmland 2 3 Cultivation area like farmland
Open Space 1 4 The area which green vegetation rarely exists

* Classification criteria for Degree of Green Naturality, 1991, Ministry of Environment
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Fig. 2. Comparative evaluation of classification result for cool

surface
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ZAEdety o} st o] A9 FEsturt 143%E UC
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ol A 2
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Table 4. Changing trends of building space expansion and percentage of Cool Roof

£ 2% s Yeofel EASHE stao]7] wie] (2
W22 UC Davis (0.8%)7}
3%) Rt} oF 258171 i W AS Hol 1 glch AR

2o grg A o2 a5t glo] dghAL A

_|.4

KNU 2004 2013 Building space constructed or remodeled after 2004
Building Space 140,820m’ 161,718m’ 26,331m’
% of Cool Roof 19.5% 18.8% 23.4%

Buildings constructed

after 2004: Global Plaza(Constructed

in 2012; Cool Roof), KNU Law School(Constructed in 2009), International

Kyungsang-kwan(College of Economics and Buisiness Administration; Constructed in 2007), Chumsung-kwan(Domitory; Constructed in 2009; Cool
Roof), Semiconductor Complex(Constructed in 2004), Hyangto-Kwan(Domitory; Constructed in 2006), Language Institue(Constructed in 2005) etc.
Buildings remodeled after 2004: College of Social Sciences Building(Remodeled in 2011), Faculty's Apartment(Remodeled in 2010) etc.

UC Davis 2004 2013 Building space constructed or remodeled after 2004
Building Space 178,725m’ 207,753 m’ 32,085m’
% of Cool Roof 67.6% 71.7% 97.2%

Buildings constructed after 2004: Gallagher Hall (LEED Platinum obtained in 2011), The UC Davis Tahoe Environmental Research Center (LEED Platinum
obtained in 2007), Gladys Valley Hall (LEED Platinum obtained in 2012), Winery, brewery and food science laboratory(LEED Platinum obtained in 2011) etc.
Buildings remodeled after 2004: Coffee House (LEED Gold obtained in 2010), Student Community Center (LEED Gold obtained in 2012), Robbins Hall (LEED
Gold obtained in 2010), School of Law King Hall (LEED Silver obtained in 2010) etc.
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Fig. 5. Google Earth image for KNU A: 2004.04.15 B: 2013.04.28
(Coverage of magnified portion for site marked as * is presented in Figure 7)

Fig. 6. Google Earth images for UC Davis, A: 2004.07.01, B: 2013.08.14.
(Coverage of magnified portion for site marked as * is presented in Figure &)

Table 5. Comparison between USA and South Korea for non-cool surface regulation

Atticle USA | ROK Note
AT T USA : Cool roof installation specifications is clearly stated, based on roof gradients of
e O * | new buildings (e.g. California, Title 24)
Cool roof guideline to campus’s existing buildings. | O X USA : It is required for rebuilding to satisfy relevant cool roof standard.
SRI requirement for cool roof O x USA : SRI specification is stated in Zero Net Energy Strategy.
USA : SRI for cool pavement in LEED is required. If it meets the specification, extra
Cool pavement O x point is given at Sustainable Site Credit.

O: Yes, that item to regulate non-cool surface is available.
.x: Not available
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Fig. 7. Typical scenes of cool surface disappearance in KNU, A: 2004.04.15 B: 2013.04.28.
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Fig. 8. Typical scenes of cool surface expansion in UC Davis, A: 2004.07.01, B: 2013.08.14.
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Table 6. Changing trends of energy consumption according to the building space expansion

Building Space Energy Consumption Changing wTﬁﬁsdsBﬁldE;gggpa(zzmumm
KNU 2006 470,199m* 12,045 TOE
building: 1 8.15% energy: 121.2%
KNU 2009 508,526m’ 14,599 TOE
UC Davis 2005 866,423.041m’ 2,205,900 mmBTU
building: 111.7% energy: |23%
UC Davis 2011-2012 967,724.145m’ 1,901,570 mmBTU

UC Davis: Energy consumption is calculated with International LNG thermal unit mmBTU (Million Metric British Thermal Unit). 1IMMBtu is about

250.000kcal and 26.8m'of LNG.

KNU: Energy consumption is calculated with TOE (tonne of oil equivalent). It is a unit representing energy generated by burning one metric ton (1000
kilograms or 2204.68 pounds) or 7.4 barrels of oil, equivalent to the energy obtained from 1270 cubic meters of natural gas or 1.4 metric tons of coal that
is, 41.87 gigajoules (GJ), 39.68 million Btu (MMBtu), or 11.63 megawatt hours (MWh).
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