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ABSTRACT

It is needed to preserve good effects and to prevent bad influences on local climate
in urban and environmental planning. This study seeks to develop climate analysis maps
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to provide realistic information considering local air temperature and wind flows.
Quantitative analyses are conducted by CAS for the production, transportation, and
stagnation of cold air, wind flow and thermal conditions by incorporating GIS analysis
on land cover and elevation and meteorological analysis from MetPhoMod — a
mesoscale weather model. The CAS helps The easier analysis and assessment of urban
development on local climate. It will contribute to the better life of the people in cities
by providing better understanding of the local climate to the urban space planners.

KEYWORDS - Urban Planning, Environmental Planning, Urban Climate Analysis, Urban
Climate Evaluation, CAS (Climate Analysis Seoul)
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(Detail Region, DR)C.& TFE3FAcHE 1).
SR BAPA G SR 7R EH ] o4
i gl o] wAE Al THleE A
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J/\

Detail Region (DR) 4km x 2.5km (5m Resolution)

FIGURE 1. Three domain levels in CAS (Climate Analysis Seoul)

TABLE 1. Description of the three domain regions in CAS

Domain

Description

Spatial Resolution

- the area using mesoscale model for wind and

Model Region (MR)

temperature fields
- 200 km X 200 km

1 km

- the area for microclimate analysis around

Study Region (SR) Seoul
- 50 km X 40 km

25 m

- the area for detailed microclimate analysis

Detail Region (DR)
4 km X 2.5 km

around Eunpyeong Newtown development area 5m
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' Input data for CAS

| Elevation: DTM, DSM || Land Cover map || Biotop
Height Primary LC Urban structure
Gradient Fractional Coverage Building height
Hollow depth Areal Type Building-to-land ratio

h

Input data for MetPhoMod simulation |

Model Region, Study Region |

Volumetric heat capacity, Thermal diffusivity
Surface temperature, Ground temperature,
Roughness length

Albedo, Topography, Emissivity, »
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' MetPhoMod simulation

| Model Region, Study Region

West wind case, East wind case
Wind field, Temperature field

h

Analysis in CAS with result of MPM simulation

| Ventilation Situation | | Thermal Conditions
Cold air stagnation Cold air production
Surface influence Meso scale air temperature deviation
Meso scale wind condition Local scale air temperature deviation

Total air temperature deviation

FIGURE 2. Overview of the processes incorporated in CAS
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TABLE 2. Primary land cover (LC) types as input data of CAS

Index Code LC Types Remarks
1 WS Water Surfaces inland waters and sea surfaces
9 TV Tall Vegetation tall vegeFatlon (ma1ply trees) forming
l—defined canopies
3 VS Vegetated Surfaces vegetated surfaces (except TV)
1 Us Unvegetated Surfaces esl(s)i:alt/concrete surfaces without buildings, bare
5 BS Built—up Surfaces surfaces containing buildings of any type
2) A@7= 3) AxW $4x 8
FAEIED (Dlgltal Elevation Model) SAZISE A HsliAe EX ARG
A5 715 W vrEe] 555 A 9 2 FHaAel Axwe g gEe] dE
3 Fo AsEM, & ﬁ?%ﬂﬁ% 712&ATA Zol9} FE EATFZE —é sb7] 9% AR
ool FAxIRLES FHFI7] A& w= AN Faslth A&l EATRE 7SR
NASAA A¥s= SRTM(Shuttle Radar o wrgdstr] $lsiA /\13/\] TEA A B
Topography Mission) <, AAlAFA ] f A AlFskE st AREEE, dEST
A= FEAZYEY] AF3= DEME E &35t 57 EXIERFH disgt

AFESEGITE old @ AFARGE 3)E RS
2 A2 FAEdEE Digital
ModeD) & 7-53F31tt.

Surface

AW SARE FH,

T, olel@

EXA5E &835}9] albedo, heat capacity
T ol TR VIR EPe 8=

TABLE 3. Input data for Digital Elevation Model and Digital Surface Model used in CAS
ltem Description Source Purpose
GIS Data of Seoul, Incheon and surrounding
area, 1:25,000 (2007) Ministry of Land Cover
Land Cover - Analysis Change of Land Surface Environzlent Classification
- Time—Series Analysis (SR, DR)

- Spatial Structure Condition

Land Cover Data of Land Cover from

Land Cover

MODIS Moderate Resolution Imaging Spectrometer, NASA Classification
1km resolution (2004) (MR)
GIS Data of Seoul (2005)
.. Land Cover
. - Land Use Condition [
Biotop . Buildine—to—land ratio Seoul Classification
wrdms o (SR), DSM (SR)
- Floor area ratio
DEM for analyzing the flow of wind DTM, DSM
SRTM 90m Resolution (2000) NASA (MR,SR)
National
DEM DEM for analyzing the flow of wind Geographic DTM, DSM
10m Resolution (2002) Information (SR,DR)

Institute

‘
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Ae ArEskelth A Ed $A43 FCE= 3
o] 4] 4

types®] Aeh= vHl&S HAERZ vERA A
Oo®, 7} LCHdel dis Axtgh g, #57
¥ EXYEARE vlgoF  WB(waters),
WL (woodlands), VA (vegetated areas),
UA (unvegetated areas), LD(low—density

built—up areas), MD (medium—density
built—up areas), HD (high—density
built—up areas)? 77FA  EXFIHE

(Areal Types, AT) AEE F=319th FC
© ATEA & EAIE HoleE o]&3s}to]
MetPhoMod W24 3} 3k 37] A% Ak
Foll AREETE o] w9l Al HAsk= WA
&9 7k Fatel gl o]FojxTH(A 1).
ojwj, {LCx= ZF Ao YAZIA (1) LC types
o] xpA|8k= ZH7+e] vlgolal W9l 0~17t
A olt}, ALCE 3# 4904 #A%F 7} Land

Cover? &Alzkoltt. & 49 Land Cover %
AR FYoA FAE AT FHE A
¥ (Scherer et al, 2010)8fo] o] =¥-ofx
A og aokst Ao|rt,

SAVIES 98 B 9l
of dQst FtRe wig} 2LRE FAE]
f18l CASE FtR 71P4E 3! MetPhoMod
(METeorology and atmospheric
PHOtochemistry mesoscale MODel) & <17
sk3lth. MetPhoMod: FtE 71484 4
t71skes ALsE] Q1 AREEE 3k 7]
A8 o 24 (Perego, 1999), zolo] m&

TABLE 4. Attributes (ALC) of five primary land cover (LC) types for the calculation of the
attribute (A) of each grid cell based on the fractional coverage (FC) of the cell

Land Cover(LC) types
Attributes(A) Water Tall ) Vegetated Unvegetated Built-up
Surface Vegetation Surface (VS) Surface (US) Surface
(WS) (TV) (BS)
Cold air production
rate m® /(m* -h) 0 30 15 0 0
Roughness length (m) 0.001 2.000 0.050 0.050 3.728
_ Zero plane 0.0 14.0 0.0 0.0 28.0
displacement (m)
Height of building 0 0 0 0 33
(m)
Building=to~land 0.00 0.00 0.00 0.00 0.54
ratio (m2 - m—2)
Heat capacity
J-K-1-ke-1) 4200 1500 1200 900 923
Heat conuctivity
g K-1-m-1) 84.00 7.20 2.16 1.98 21.05
Albedo 0.07 0.13 0.15 0.18 0.16
Emissivity 0.98 0.95 0.95 0.92 0.92
Density 1000 1200 1800 2200 2169

(kg/m3)
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FIGURE 3. (a) Wind rose during January 1980 to December 2009. (b) Wind rose during
July 21—-31, 1994, when Seoul experienced severe heat waves
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 Primary LC types, R: Areal types) in DR

1% 6.(a)E MetPhoMod X2l <& A
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o5 9 Ad7IeS dEhd Zloltt. 64 214
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FIGURE 5. Albedo computed in CAS o® 2K & &LZ molu gtk 19
(b) &= AFo] Eolo+= 49 DRAY S ZH|

FIGURE 6.(a) Relative wind velocity (left) and temperature deviation (right) was computed
based on the spatial mean of the domain by the MetPhoMod simulation for the
west wind case in SR during night (20:00—08:00)
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FIGURE 6.(b) Relative wind velocity (left) and temperature deviation (right) was computed
based on the spatial mean of the domain by the MetPhoMod simulation for the
west wind case in DR during night (20:00—08:00)
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FIGURE 7. Analysis map of cold air stagnation (map source: google)
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A9s AAZE HA %= AY9(no
significant), A&l 28 AAH= A
(induced by topograph), A&z} HAEo] 23|
A= += A9 (induced by constructions) 2.
2 FEsk] 24 (aE 7 2 2 5). 1
Azt Ayl o] A= XRuUE, AE
$A%2] AN YERE AAY SHA
7 11 S wEk AR AFH AP
AFE o8 FAHE o] ¢ e &
Atk a9 78 2EE IS Bd olYg st
AT FEAA | Q3 257 AR o] CAS
A

(o)
FEAEHT S & F UTh

TABLE 5. Classes for the cold air
stagnation

Intensity

Class Standard

Hollow depth < 2m,

No-significant Height of building < 2m

By Hollow depth = 2m,
topography Height of building < 2m

By

. .
construction Height of building = 2m
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FIGURE 8. Analysis map of surface
influence

TABLE 6. Classes for the surface influence

Standard

Roughness length = 0.5m
Local heating = 1.0K

Intensity Class

Weak

Roughness length > 0.5m
Local heating = 1.0K

Roughness length > 0.5m
Local heating >1.0K

Mechanically

Urban

3) TIE 7SR ES o] &gk uighEA

=R 714 2del MetPhoMod ®9] A3
o] &34 AEH 10melA el Tt vhehs
AetAeh(2E 9 9 ® 7). B Aol
TR vhgho] Tl Htol nlE| Ao w
3t 29 (weak MW), H%<l 29 (medium
MW), 73t 2] (strong MW) 2] AgAZ
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=t}
=

19 ol Mz
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FIGURE 9. Analysis map of meso scale
wind conditions

TABLE 7. Classes for the mesoscale wind

conditions
| nétTgssSlty Standard
Weak Relative velocity = 80%
Medium  80% < Relative velocity = 100%
Strong Relative velocity = 100%
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temperature deviation
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FIGURE 12. Total air temperature deviation of SR (left) and DR (right).
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