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SHMY| Hd 85 1.56m/s (0.9 - 2.1m/s &)

SIMY| 2xd™a 2% ok 27.28C

Grid AlO|= Tm

2l ot 7,503,582 7|
Mesh Cell 4=
CH oF 7,243,863 7H
Mesh model Trimmer Mesh
Pressure Based
Solver

Unsteady time

Viscous Model

k—epsilon / Standard

Solar Load Model

Solar Ray Tracing

Pressure—Velocity Coupling

Simple

Convection Flux

Central differencing scheme

BAH=A
(Boundary Type)

Sky(th7]etd)

Wall / LAl £}

wind in(Cch 7| &t&)

Velocity inlet / 1.5m/s / 27.5C

Wind out(CH7|ekd)

Pressure outlet / 0 pa

Ground(EH x| 2t4) Wall
Building(Z1£8) Wall / 27.5TC
Site(CH x| 2t&) Wall / 27.5C

Road(= & Wall / 40°C
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Relationship between Urban Environment and Local Temperature for
Managing Urban Heat Island Effect in Neighborhood

Gunwon Lee
Division of Architecture, Civil & Environmental Engineering, Hoseo University
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Abstract This study aims to offereffective policies for managing local temperatures and reducing the heat island
effect by identifying elements that affect local temperatures. The three elements of natural environment, land use, and
land coverage were first selected, and then control factors were applied,including season, weather, and measurement
units for wind speed. In order to analyze these factors' relations to summer temperatures, an integrated model was
developed, and an analysis was conducted of the urban heat island reduction effect of elements impacting local
temperatures. The analysis used nationwide weather system (AWS) data from July and August 2007 and 2011-2016,
land coverage data provided by the Ministry of Environment, and land use area data from local governments after
rearrangingthem based upon their falling within a 500-meter radius (0.79km?) of AWS measuring points. The study
results show that the natural environment, land use, and land coverage all have a relation to changes in local
temperatures. Natural elements have the greatest impact, and land use hasthe lowest. The results could provide basic
data for establishing more effective policies to mitigate the heat island effect and strategies for enhancing the
sustainability of cities.

Keywords : Heat Island Effect, Land Use, Local Temperature, Neighborthood unit, Urban Design

=2

—

24 3%, A AT 80%e1 0] BN AFHT Y
o Hlebrz A9 AR e Hele] ofd A
11 97O HF L 25 Aoz 4337t 4737 B AFALN §
2 o1 %, EYRe] BAIST A ot AR B2} oW R XGez AFHEM T ] o
B e SEERR FEIZFVIEEAATAYY ATHALE@HANE 17CTAP-C133102-01) &3] FJHAFYH
“Corresponding Author : Gunwon Lee(Hoseo Univ.)

Tel: +82-41-540-5785 email: gwlee@hoseo.cdu

Received September 19, 2017 Revised (1st October 10, 2017, 2nd October 12, 2017)
Accepted October 13, 2017 Published October 31, 2017

1. M

806

st
=l

3IXl 18(10),



O TA FEY TASHRA 2AIHA HIEE 219 2 24, Ms)|=
2017, pp.62-71

Joumal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2017.18.11.62
cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol 18, No. 11 pp. 62-71, 2017

54§94 2A5H a5 LAk WS o) B

bl

zE

A
e

M

(]

2

k=

Jin M0

S AMChE

i}

Bk
H=sis

Analysis of the Relationship between Urban Characteristic Elements by
Type of City and GHG Emissions
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Abstract This study classified cities across South Korea according to their urban characteristics, selecting
representative cities for respective types, and drawing a relationship among urban characteristic elements, carbon
emissions, and the energy consumption of cities. For the classification of cities, the elements of the urban
characteristics were examined through a review of the related literature. Factor analysis was then carried out to select
the variables from among these elements. The absolute coefficient value found in the analysis was set as a standard.
A classification of cities across the country was performed using these variables, and representative cities were chosen
for a comparison of the characteristics of each type. For an analysis of the relationships among the urban
characteristics according to the type of city, the greenhouse gases, and the energy consumption of cities, emissions
of greenhouse gases, electricity consumption, and oil consumption of the representative cities were compared and
analyzed by correlation analysis. The analysis results indicated that the cause of greenhouse gas emissions and
electricity consumption varies according to the elements of the characteristics of the representative cities, even when
they show similar emissions and consumption.

Keywords : Energy Consumption, GHG(Greenhouse Gas), Urban Characteristics, Factor analysis, Cluster analysis
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Analysis of the Relationship between Urban and Building Form,
Microclimate, and Energy Consumption of Buildings Utilizing
Structural Equation Modelling (SEM)

Gunwon Lee', Yunnam Jeong®
! Assistant Professor, Hoseo University
?Research Professor, Korea University
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Abstract

This study investigates the impacts of urban and building form and microclimate on the
energy consumption of buildings and structuralizes this relationship. It applies microscopic
elements such as urban form and tissue, building form and characier, and microclimate as
factors affecting the energy consumption of buildings. The analysis results show that there is a
‘potential correlation rather than a direct correlation among urban elements, vegetation and
hade elements, and public space elements. The same is irue for the relation between public
space and fagade elements

Keywords: Urban Design, SEM (Structural Equation Modeling), Buildings Energy
Consumption, Urban Form and Urban Tissue, Building Form and Building Character

1. Introduction

Since the publication of Silent Spring by Rachel C. (1962) [9], environmental
‘movements and policies have been continuously pursued. This trend has impacted various
fields, including urban architecture, which addresses spaces of daily life. Recognizing
the limits of the natural environment, which had once been taken for granted. the urban
architecture ficld has been sccking ways to promote the coexistence of the natural
environment with the built environment. Still, in-depth rescarch on the complex patterns
and forms of the built environment has not yet been performed. In other words, specific
rescarch that s dedicated to the effects that global clements such as urban form, envelope,
and spatial structure and building form character have on the encrgy consumption of
buildings does not exist. Most of the studies performed have been conceptual rescarch
that merely reveals a correlation among these elements. Quantitative analysis on their
comprehensive relations has not been sufficiently conducted. In this light, this study aims

at investigating the influential relations between global clements and local elements that
affect the energy consumption of buildings and thereby reveal comprehensive methods
10 reduce the energy consumption of urban buildings.

2. Literature Review
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Abstract

This study investigates certain correlations between the impacts of urban and building form,

and natural elements on the microscopic surfuce
temperature of buildings. It applies microscopic clements such as wrban form and tissue,
building form and envelope, microdlimate, and the natural environment as faciors affecting
microscopic surface temperature. The analysis results show that with the exception of a few
elements, urban form and tissue demonstrate a significant relation to the microscopic surface
temperature of buildings, as opposed to building form and envelope. It is also found that
‘microclimatic elements such as wind speed and humidity are pertinent to microscopic surface
temperature. *

Keywords: Urban Design, Hierarchical Regression Analysis, Urban Heat Island,
Surface Te . Urban Form and T Form and Envelope

1. Introduction

Modern cities with inelTicient structures have been generating environmental impacts,
such as excessive energy consumption and emission of greenhouse gases and various
other pollutants. A surge in horizontal movement driven by urban sprawl and leapfrog
development, increasd use of cnergy for vertical movement resulting from overerowded
cities and the development of Inglv-rwe buildings. and cxcossive encrgy use for the

and or industrial usages are some examples. In
particular, overcrowded lmxldmg,a in citics and artificial hoat emitted by them have caused
congestion of artificial heat. This results in the urban heat island cffect and clovated use
of cooling cnorgy, which in turn has boon exaccrbating cnvironmental problems in citics.

2. Literature Review

2.1 Literature Review

This study focuses on the microscopic surface temperatures of buildings, which are
impacted by the physical environment of cities and buildings. such as urban form and
tissuc and building form and material. Since it affocts overall urban temporaturc and the
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The effects of Urban and Building Form, Microclimate, and Natural Environment on Microscopic Surface
Temperature: Based on Statistical Analysis

variables. In this regard, further research on these variables should be pursued, and there
is a need to develop a research model on the interaction effect or mediator effect of these
variables. Finally, the significance of ventilation performance in urban areas should be
recognized. The results of this research indicate that the building form variables that have
a close relation with microscopic surface temperature when variables of urban form and
tissue, microclimate, and surrounding environment are controlled are those related to the
form of the lower levels. Given the fact that these variables are closely related to
ventilation performance in urban arcas, it can be suggested that ventilation performance
is significantly relevant to surrounding temperature. Among urban form and tissue
variables, width of urban space and wind speed also reduce microscopic surface
temperature, supporting a similar result. In this light, further research on ways to enhance
ventilation is needed.

This study has the following limitations and significance. First, it used official data in
a comprehensive manner. However, it only dealt with simple and direct relations among
the variables, which creates a need for further study. In spite of the above limitations,
this study is meaningful in that it provides a basis for the management of urban climate
and environment, including the urban heat island effect. Considering the fact that the
management of urban climate has a fundamental impact on activities within cities, it is
expected that an expansion of the research initiated in this study will contribute to the
development of a sustainable urban model.
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Abstract

. which have b Bish

“This study investigates h as urban and building
scarch nption of buildin

In pertiular, it focuses on the mediating relatonship bet
To this end, the energy consumption of selected buildings with
measurement peints selcted by the Metcorological Office of
siructural EM), a method that
potenial cortlation among rban eléments, vegetation and shade elements, and pubi
between public f Tt was also found th -
elements, and vegetation and shade elements affectthe energy consumption of uildings.

of a foundation for
and structuraizing the reslts of previcus research.

hensive methods to redace the energy consumption of urban build:

1. Introduction ings

ication of Sile Carson in 1962,

‘movements and en continsously

pursued. This trend has impacted various luding wban

architecture, which addresses spoces of duly lfe. Recognizang the 2.1 Literature review
of the natural envircnmen, which had once been taken for

A, the wban architeeture fic

2. Literature review

in the natural envircnment
It envi

Stll, in-depth research on th
dronment has

building form character have on the en
ings does not exist, Mostof the studies perfor
ceptual research

merely reveals a comelation
 analysis on their comprehensive

Elvidge et al. (19

10

il conducted.
I this lighi, this study aims of investgating the inflential rela- i

fions between globol clements and rogional clements that affect 4 the cectric energy consumption, of buldings in
the energy consumption of buildings and thereby reveal compre-  South America, including Brazal, Colombia, and Chile
G P

= oy cues

Second, regional elements luding urban elements, do not have
a direct impact on the energy consumption of buildings. They only
present an indirect infl on the energy iption of build-
ings by means of microclimate.

This result indicates that a study focusing on the impact of region-
al urban form and public space on microclimate is needed for the
management of microclimate as part of the formation of more
sustainable urban architecture.

Third, mass elements of buildings have a close relation to micro-
climate, while fagade elements have less influence. A similar issue
has been pointed out in previous research. It cannot be said that
fagade elements have no effect on microclimate, since the reflec-
tion and radiation effects of building materials have a considerable
impact on microclimate. However, in this study, which includes
this kind of surface temperature in microclimate, fagade elements
show relatively less influence.

This study has the following limitations and significance. First, it
applied comprehensive and varied models utilizing large volumes
of diverse official data. However, it is limited in that various ele-
ments could have been considered and other potential variables
could be applied in the formation of the model. SEM entails this
significance and limitation as well. Further research focusing on
the formation of various models needs to be pursued. It is also
limited in that it only investigated cooling energy in August, the
hottest month of the year in Korea, and did not consider winter-
time heating energy requirements. Further study on the energy
consumption of buildings during February, the coldest month of
the year in Korea, is needed.

In spite of the above limitations, this study is meaningful in that it
provides a complex model for the management of both the energy
consumption of buildings and urban microclimate. In particular, it
is expected that the expansion and sophisticated development of
the research performed in this study through follow-up research
will contribute to the development of software for the manage-
ment of the urban environment or guideline for urban planning,
which will help to enhance the sustainability of cities.
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Abstract

i between urban and building form, niicroclimate, and the. matural environment with
the mictoscopic surface temperature of buildings, a major cause of wban heat island effect in summer. It applies wban form and tissue,
mgjer cloments of the buill envirurmzent, und groun arcas, s key componen of the nalural wnvironment, as busio faetors and microclimal

intencsl variable. To this end, the surounding Lrmperalures of seleclod buildings in Seoul within s sadius of 50 meers of
‘mated Weatker Stations {AWS), messurcanenl by the Melcorological Office of the Cily of Sooul Lor2
tudy cmployed hicrarchical regression analysis using ord quatcs (OLS). The results sho that

l Area of windows i
Color of facade i

| Focademateial |

Wesk relat onship
ifrom literature review)

Medium relationship
= Strong relationship

Microscopic
Surface Temperature

Fig. 5: Result summary

Given the fact that microscopic surface temperature affects the en-
ergy consumption of buildings, it can be concluded that these two
variables have an intricate relationship. As a result, the effects of

urban form and tissue, mi and

In spite of the above limitations, this study is meaningful in that it
provides a basis for the management of urban climate and environ-
ment, including the urban heat island effect. Considering the fact

variables should be considered in research on microscopic surface
temperature. It also appears that the significance of building form
and fagade elements changes significantly when urban form and tis-
sue, mi and the surrounding environment are controlled.

£ ush

relation to the micrescapic surface femperatire of bulldings, as apposed fo building form variables. Tt is also found
. wind speed and This study is

ontherole I 4

are pertine;
1g the urban heat island effect

‘meaningfid in

" Buildng form
andeiope

This result indicates that building form and fagade elements, which
are expected to influence microscopic surface temperature, are also
affected by urban form and tissue, microclimate, and the surround-

1. Introduction N "
2. Literature review

In the decodes following the two world vars, rapid cononic
growth and soaring automabile use led to skyrocketing consump-
tion of fossl fuels. I'reon gas applied as a refrigerant also becante
cammonplace, shich resulfed in a decline in ozone concentration
wihin (he atmespherie ozme layer. Aggnavalod global wamning
sull of e above prob-

2.1, Literature review

This study foeuses on the mieroseopis surfics (peritus of
buildings, whiciare nnpected by the physicel environument of cities
and buildings. such as rban form and fissus and bulding form and
material Since it affecs oxerall urban temperature and fhe energy
busldings by influencing indaor and ouldoor envi-

somnent i the form of Tackant heat, the microscopic sutice ten-

< ofa building s a significat fictor,

1 f begrouped
s arban form and fissue; building form and en-

i sl Fclors. Studics 2elled o s Sssuc ar can b

‘most humoans, andthus
addressing uwban issues st be & companent of the fundamental
solution.
Modem cifies with inelfieien structures have bes ting e
virormental fipicts, such us exeossive energy vonsumplon wnd
el various her pollutants. A surge
i sprave and leapfrog devel-
fical movenient resulfing

“The study canicd ot by Julic Am Futcher and Geruld Mills (2
. offers sepresentalive roscarch focusing an usban forms and si
sicancs wddovlope of s They sl e ilien g yes, i vrons

combinations, and use atcn |

and excessive encigy use,
commercial or industrial usages are
In particular, overcrowded buildings in cities and artificial heat lor ue-
emited by them have cansed congeston of artficial heat. This re- ses sl arrngnenls. Reid Eving & Fang Ron (2013) walyzcd
s the b heat s et und clovated wse of cocling ene the eFectof eleniens of rban form such 3 density, accessbi
e and. centality on microclimate and residential choice. They hen

examined the efec of hese variabs on the energy conmumption
of buldings.

[0 Corrsst © 2016 suihor. Tis i an open woes wiie dsibded ander the e which permits

ork s prapent aed

ing A tly creating an interaction effect. It
could be that these variables play the role of mediator in the process
of a building’s elements affecting microscopic surface temperature.
In this regard, further research on these variables should be pursued,
and there is a need to develop a research model on the interaction
effect or mediator effect of these variables.
Finally, the significance of ventilation performance in urban areas
should be recognized. The results of this research indicate that the
building form variables that have a close relation with microscopic
surface temperature when variables of urban form and tissue, mi-
3 are are those
related to the form of the lower levels. Given the fact that these var-
iables are closely related to ventilation performance in urban areas,
it can be suggested that ventilation performance is significantly rel-
evant to surrounding temperature. Among urban form and tissue
variables, width of urban space and wind speed also reduce micro-
scopic surface temperature, supporting a similar result. In this light,
further research on ways to enhance ventilation is needed.
This study has the following limitations and significance. First, it
used official data in a comprehensive manner. However, it only
dealt with simple and direct relations among the variables, which
creates a need for further study.

that the of urban climate has a fundamental impact on
activities within cities, it is expected that an expansion of the re-
search initiated in this study will contribute to the development of
a sustainable urban model.
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This study investigates correlations between the impacts of urban and building form and mieroclimate on

the energy consumption of buildings. Tt applies microscopic elements such as urban form, building form
and character, and microclimate as factors in the energy consumption of buildings. To this end, the energy
consumption of selected buildings in Seoul in August of 2017 was analyzed Based on microscopic
elements within a radius of 500 meters of 23 Automated Weather Station (AWS) measurement points
selected by the Meteorological Office of the City of Seoul. With the exception of a few elements, the
urban form and character elements demonstrate a significant relation to the energy consumption of
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Abstract

This study investigates the effect of urban and architectural forms on the microclimate in urban areas. It
applies urban and architectural elements such as wban form and tissue and building form and
characteristics as the main influences on the microclimate within urban area. Among the 23 Automated
Weather Stations (AWS) installed within Seoul city by the Korea Meteorological Admimistration, 6 sites
were selected for the analysis, based on their different urban and architectural characteristics, and actual
measurements were conducted in August 2017 using individual AWS equipment. Also, the measurements of
microclimate and urban and architectural elements within a 500m radius of the AWS measurement points
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