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ABSTRACT

The main purpose of this paper is to deliver a climate analysis and evaluation method based on GIS by using airborne
LiDAR data and Biotop type map and to provide spatial information of climate analysis and evaluation based on Biotop
type Map. At first stage, the area, slope, slope length, surface, wind corridor function and width, and obstacle factors were
analyzed to obtain cold/fresh air production and wind corridor evaluation. In addition, climate evaluation was derived from
those two results in the second stage. Airborne LiDAR data are useful in wind corridor analysis during the study. Correlation
analysis results show that ColdAir_GRD grade was highly correlated with Surface_GRD (—0.967461139) and WindCorridor_
GRD was highly correlated with Function_GRD (— 0.883883476) and Obstacle_GRD (—0.834057656). Climate Evaluation
GRID was highly correlated with WindCorridor_GRD (0.927554516) than ColdAir_GRD (0.855051646). Visual validations
of climate analysis and evaluation results were performed by using aerial ortho-photo image, which shows that the climate
evaluation results were well related with in-situ condition. At the end, we applied climate analysis and evaluation by using
Biotop map and airborne LiDAR data in Gwangmyung-Shiheung City, candidate for the Bogeumjari Housing District. The
results show that the aerial percentile of the Ist Grade is 18.5%, 2nd Grade is 18.2%, 3rd Grade is 30.7%, 4th Grade
is 25.2%, and 5th Grade is 7.4%. This study process provided both the spatial analysis and evaluation of climate information
and statistics on behalf of each Biotop type.
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b: Land Use Plan
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Figure 1. Gwangmyung-Shiheung City, candidated Bogeumjari Housing
district
Source: http://www.seoulride.com
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Table 1. Cold air and wind corridor analysis factor and factor score Table 3. Input data used in this study
Factor Description Pia‘ctor Description No. | Source | Date
Score Biotop attribute(table field)
Tha-Sha 2 - Main classification code
>5ha-10ha 4 Biotop | Middle classification code
N Pl Sub classification code - | KICT"| 2010
} >10ha-15ha 6 map
Biotop area - Area
>15ha-20ha 8 - Perimeter
>20ha-25ha 10 - Sub classification category
>25ha 12 Airborne | LIDAR point density(designed): 25 pt/m’ NG | 2000
<5% 1 LiDAR | LiDAR data 1:5000 map index code
>5%-15% 6 Digital .
Slope S15%-25% ] Ortho | Pixel size : 10cmx10cm NGII” | 2009
Photo
>25%-35% 7 - - -
S 6 * Korea Institute of Construction Technology
Cold/ ° " National Geographic Information Institute
fresh air <50m 0
production >50m-100m 2
>100m-150m 4 A 74ArAolE ARE ARotth B7F AR % B2} 55 Haaren
Slope length >150m-200m 6 (20043} Y9 71584 A7 A3H Regionalverband mittlerer
>200m-250m 8 Oberrhein, 2010; Stadt Witten, 2012)5 #11&}e] Table 13} 2
>2Hm 0 o WYARY) B4 gk B4 2Qlg Adse] B}
Forest o, grss bnd__|| 10 A4S B ARG WV 57 2 SR T
e e, R 248 AR T ARE P WLE AxE )
e and ¢ area - o -
Surface Wro2 Zi7ke) W Qo] tigh 71997} SH= 7oA TH Refer
Open space(parks) 4
Barren land, uncultivated area 2 to Table 2). . )
Urbhan utility area 0 B A7 4308 3l ESRI it ArcGIS Model Builder &
No fresh/cold air function 0 ArcGIS Spatial AnalystE o]83l3oH 288 dEAEE
Wind corridor - "> Sl 71
function Cold air function 2 Table 33 2t}
Fresh and cold air function 3
Wind _ Width=50m ! ) B2 B onereE 14 #4
. Width S0m=<width<100m 2
corridor
Width>100m 3 .
i ) (1) Biotop Area
g B = 7 L
Wind flow o = WA AR WE B 2 Bk vEe) Yess
obstacle o 3 2= =] L o]8sl Wrl= v
Clear(no cbstacle) 0 S WSS Fosith BAS o83 dWrlke RIeE
(shape) A=9] Area BE=oA Z}7ke] H] Q. Fol tgh WA (h

HHE o] 83K Marks et al, 1992). oo w2} vl 2.5& ?4_1‘1
<& 5ha W9 5~10ha, 10~15ha, 15~20ha, 20~25ha 12|31

Table 2. Evaluation of coldffresh air production and wind corridor

Reor | O Gue | TR OIS o5 opgo g 0] Area GRDO WS
>28 1 5 ) '
Cold/ 2120 2 (2) Biotop Slope
fresh air 19-12 3 .y ) 3ARe #3 LIDAR A8 278 58 5mx5m DEM} Hl
production 11-4 4 ¢ E(Shape) ABE o)fd Fad
- - 56 3 W7)237) Al xiw AT %7k 71FS Maks er
- ; al(1992)0] AXG 71&Es F8akdnk 7P e Aae 5%
Wind 2 3 8 4 oJalol M A&l 5~15%, 15~25%, 25~35%, 35% oo
comdor 3 y 2 743} Slope GRDe §h3atiet 35% ol el 573AH]
= 5 0 ° £ A48 of@ A ik o] o PHER Yo M2
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(3) Biotop Slope Length
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(4) Biotop Surface
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Table 4. Biotop map surface type and detail classification code

Surface type Biotop detail classification code Score

Forest area, | 'FC1', 'FAl', 'FA2', 'FA3’, 'FA4’, 'FBl', 'FBZ',

grass land | 'FB3. 'FBA, 'MAL', ‘MBI, 'MB, 'CAZ, 'cA3' | ©

Wet ﬂgmis' ‘CAY, LAY, 'LAZ, 'LA3, 'LBI', LB, 'LB3,|
WG g ayr isa 1S
riparian

Hedge and |, o) oo e, FB5, 'FBG, 'LC2, LD | 6
shrub area

Open SERCE 1011 GAR:, 'GAZ, GAX' 4
(parks)

Barren land,

uncultivated | 'DBY', 'MB3', 'MA" 2

area

"BAI', 'CB’, 'CB2', ‘CB3', 'DAI', 'DBI’, 'GB3',
Urban utility | 'HAL', 'HA2', 'HA3, 'HBl, 'HB2', 'IAl', '1A2',
area "B, 'IB2, 'OAl’, 'PAl’, 'PA', 'PBI’, 'TAl’,
"TAY, TR
% HE2o e¥HEgC Az

(5) Biotop Wind corridor function
7] 9 7S FEshe B2 35 EAJo] Aar Al
T= 7454"]7] A e 28AE Ao gis H=

f&Xl, E*l%%é ‘@ﬂ‘ﬂ’“ 71-‘5— l X
AL, WEA|, F2 l*l W* 7“]

—‘_IZi
N

(6) Biotop Wind corridor Width
W77 58 Hdehe 529 729} RE Hrlet
E Fxs 7lFe g wdslgitt 529 298 Fa7] )
W78} W55 Polygon Shape AR 25E Fejs Z3et ¢
e Husle HYS dojo} HGS Hdolg Feole HA4 WY
ZA{minimum bouncing rectangle, MBR)E F3lo] ¢ =
Zol9] 128 529 o2 By MBR B5201E 100mS

_1

NI

Table 5. Biotop Surface Class for wind corridor function evaluation

Biotop Surface class Score
Urban utility area 0
Barren land, uncultivated area, open space(parks) +2

Hedge and shrub area, wet grass, wetland, riparian,

+3
forest area, grass land
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Table 6. MBR secondary axis length class for wind coridor wicth oyt BE eyl e Aoz 7hEsia 138, HE ZH
evaluation 7h20m oVdQl 49 elge] BXLE} T Ao 153}
Biotop polygon MBR secondary axis length class Score al *2@% ‘%01 Obstacle GRDoﬂ gl-oga-]. r4’(R€f to Table 7).
MBR secondary axis length<100m 1
100m<MBR secondary axis length<200m 2 2) Wr)/Ax7) 9 uER 2z B4
200m<MBR secondary axis length 3 W7/ AM 7] BT ntER BATE ozl 23 ALk

ato] 71597} £ A4S A= on o2 HrlsF3l ao
Az st H4E Hosla o)E Width_ GRDe) ¥rdsitt HQF 71997 keE A8t 7159571 A 2Hgelle W)

(Refer to Table 6)(Mayer et al, 19%4). /A7) A ""]7}*; oL H} 52 WsaS ol 83th F

F7Eee] Age] 1~55woE FYsH 7HArt st

(7) Biotop Wind flow ohstacle AAZ 7} J7} 55 %‘j‘ri APt 2~100] 33k FA

TA7IRE Q1 2= 9 A wjX|o] W& AxHe v} (Grade_SumE T3tk o % 7F% o]- W Al 27@3 ETEL,
2 Q3 viEe £F 55 9 &5l JS WA ulgto] A} 43L 25+, 53¥ 64< 359, AT 8=

k3| 117%‘4 Y= A Zskar AT Schreffler, 1978; <FH, Zﬁ)r 104< %‘TQL o2 A3k OIE 3 7% §7P 734

2007). 1T 7= 9 AE WiAE v % 55 2 &% 3 7158 Ao g FAE HIRES 15w s 7%

2 ulxl—t— A9E B A Eo B N BIAUOE 24T NS S5AOE S 5 Al AT
AN 7t Do) o JuE AFY BN H0E A4 02 TAY JFWh(Clima GRDIE EE500 F3A}

2olH ABEA Gonl AojBe) 4RE LEF £4S B A ANDLE AAs] WiEd B nRsg
FA1olE W4el AN B8 LDAR AR2yE 242t0)

H Q5 Zone‘ﬂ] ﬁ% IS e ARE ¢ T e A= Il, Zn} 9! &t

o] ARE FET WY o BT Fele] AL

izt 9 & ol ddes el %7 Solzomdl Mean | A7 |AMY| A Y B}

Building Height, ZH) NEEaT A E HiEe|E ¥E

3 A2 gkl ) SHOE T, 7iRe] Hlew ZH W)AA7) #4 B e s AAR B VRS A6
7} 1.5m vkl B¢ ‘@71 o mAE Gl = AR s WE, BAL AR, A tig sk d3E =
H7V¥ska, B3 ZH7E 1.5m o4 2.0m vkl 3¢ olEo) =3 23 Figure 3% Table 8914 H= wieh o] A1 3 ¥l

Q% zoned| 540 AAE AHEo] *%51“5}. FHA v

Table 7. Zonal Mean Building Height class for wind corridor obstacle H|QE W2 AFe BX+= Sha vj9tel B]QE H]E-9] 481%
evallon BN WA A 25 1 Bl x}zl a3 I, ha

Zonal Mean Building Height(ZH) class Score oito] 34.9%(1817H>, 20~25ha7} 14.8%(467)) 2.2 Yep}

Zonal Mean Building Height<15(m) 0 Z HEY A2 HFo R YxH T BAEE BAET}
1.5m=Zonal Mean Building Height<2.0m -1 5~15% v HUETE 33t HIOE Hlo] 52.3%(72270), 15~
20m=>Zonal Mean Building Height 2 25%7} 20294 2817W), 5% ©Tat7} 155%(4307W), 25~36%7+ 12.0%

Table 8. Summary of each four cold/fresh air production factor

Area_GRD Slope_GRD SD_GRD Surface_GRD
No (ha) (%) No (ha) (%) No (ha) (%) No (ha) (%)
2 1563 835.6 41 1 430 2695 155 0 953 2159 124 0 620 8356 4.1
4 58 53 03 6 722 074 52.3 2 24 1770 102 2 24 53 03
6 7 04 0.0 7 208 2081 120 4 142 1438 83 4 2 04 00
8 8 32.3 19 8 281 3BL7 202 6 65 8.6 49 6 71 323 19
10 1 296.8 148 8 46 745 43 8 826 296.8 148
12 4 606.3 349 10 181 | 1,0398 599 10 181 606.3 349
Sum 1641 | 1,736.7 1000 | Sum 1641 | 1,736.7 1000 | Sum 1641 | 1,736.7 1000 | Sum 1641 | 17367 100.0

oII
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a: Area GRD b Slope GRD €2 SD_GRD d: Surface GRD

Figure 3. Evaluaton of coldffresh air production factors(Area :
Slope : Slope length: Surface)
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Figure 4. Evaluation of wind corridor factors

A7) B4 wg 538 BQE IFEEHE Area GRD,
Solpe_GRD, SD_GRD, Surface GRD T2 HE HHAHES
Tate] HES A3 Figure 5oll4 Be vke} 2] Surface_
GRD= ¥7|/A14d7] 7b 553 Hlgske dfHs Helon
Excels &8l 73 W71/2147]) A4 553 AEH 54 357t
Aae] B AT (-)0.9%67=2 ol i =
A Jebtou Area GRD$} Slope GRD, SD_GRDS] H7}14
T Wiz d3AG~= 47 (—)0.741, (—)0.883, (—)0.8612
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Figure 5. Biotop distribution by cold/ffresh air production grade
Legend: Ave Area GRD  =demfve_Surface GRD  =semAve_Siope GRD  =éde=fve SD_GRD

Figure 6. Biotop distribution by wind corridor grade

%7]//1\_]}‘\_17] ;,]:_'—Z\jl ‘;-l H]—%]'%i —E.—@l% %?:51— %T:]L 75_31]— T":_L Legend: —#=—ave_function_6RD ~ —&—Ave_width_GRD ~ —=—Ave_Dbstacle_GRD
Table 9. Count and Area summary of each three wind corridor factor
Function_GRD Width_GRD Obstacle_GRD
Score No (ha) (%) Score No (ha) (%) Score No (ha) (%)
0 620 8366 41 1 1297 511.2 294 -2 160 195 115
2 26 5.7 03 2 235 4188 24.1 -1 106 1495 86
3 9% 8%.3 51.6 3 109 806.8 465 0 1376 1,387.7 799
Total 1641 1,736.7 100.0 Total 1641 1,736.7 1000 Total 1641 1,736.7 100.0

o]
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Figure 7. Surrounding apartment complex around the study area
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{ BuildingClass | Count | Percentile(%)

No Building 612254 88,282
~10m 80252 11.572
10m ~ 20m 930 0.134
20m ~ 30m 60 0.009

30m ~

Figure 8. Surrounding apartment complex(L) and Building Area

Distribution(R)
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W71/5171 A4 9 a2 71 B7F AR Area GRD,
Solpe_GRD, SD_GRD, Surface GRD ¥ Function_ GRD, Width_
GRD, Obstacle GRDE 53 W¥71/A147] A4 S5(ColdAir_
GRD,), vl527)% 55(Wind Corridor GRD), 7]15%7} &
H(ClimateEvauation GRD)< Figure 9 @ Table 103} 2o] T
AL Wr)/AR7] A SFIME 155 305%, 255 42%,
359 147%, 454, 44%, 561 33% TOZ 1554 255
9] 3] TI%=Z AAHOZ H37] A4 S50l 53¢ e

a: ColdAir GRD

b : WindCorridor_GRD ¢ ClimateEvaluation_GRD

Figure 9. Cold/ffresh air production grade, wind corridor grade, and
climate evaluation grade
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Table 10. Summary of biotop cold/fresh air production grade, wind corridor
grade, and climate evaluation grade

ColdAir_GRD 12|34/ 5 |Toa

Cold/ Cnt_ 98 | T2 | 44 | 178 | 169 | 1641
fresh air

production Summ_Area 6167 | 7202|2561 | 770 | 57.7 | 17367

Percentile 355|420 | 147 | 44 | 33 | 1000

WindCorridor_GRD 1 2 3 4 5 | Total

Wind Cnt_ 63 | 131 | 782 | 62 | 603 | 1641

corridor Sum_Area 4003|2326 | 2581 | 214.1 | 6316 | 1,736.7

Percentile 230 | 134 | 149 | 123 | 364 | 1000

ClimateEvaluation_GRD| 1 2 3 4 5 | Total

Climate Cnt_ 44 | 140 | 813 | 313 | 331 | 1641

evaluation Sum_Area 3209 (3162|5329 | 4381 | 1286 | 1,736.7

Percentile 185 [ 182 | 307 | 252 | 74 | 1000

2 Yeigou, v eEr]s sus BY 159 2%, 25+

134%, 35+ 14. 94, 455 12.3%, 5%—% 364% &02 JeR}

% LDAR A2E &84 vidsle 9 AS 18] x§

H HIRFo] 5275 Wt 4 ‘é%}i}oﬂ 2 k= ok F 3
7} ARE FE3 7157 E 15w 185%, 255 182%,
35w 30.7%, 45+ 25.2%, 55w T4% o2 Yeht uigts
2 97 947} QA7) B e Bl HEes
1“3,7} A7} C*EA“E}

= B7lo) S 243 ColdAir GRD 2 Wind Corridor_
GRD oo]‘,,]_wl /\L‘,]./H_O_ 010}7] %—3]] 7 -6‘ gjﬂ_ %‘_:Ll:ﬂ H]
E O5E9 EHO}Oﬁ ColdAir GRD % WindCorridor_GRD
2Ry FAgES ol HES A3 Fgure 10 2
Table 1104 HE u}a} 2] ColdAir GRDY) H##e 715
7} Ao 7Kk w10, 19, 30, 48, 50 0.2 Z7)a}
31 WindCorridor_ GRD #3362 17, 20, 23, 28, 45 0.2
S7ktaL Qo] 7 8]l 715 Wyt 55T HlEshe S B

50
45

/ :

TO

1 2 3 4 5

Figure 10. Biotop cistribution on the climate evaluation grade

Legendi —4— Ave_WindCorridor_GRD Ave_ColdAjr_GRD

Table 11. Biotop distribution by climate evaluation grade

Climate Evaluation GRD 1 2 3 4 5
(Biotop Count) (44) | (140) | @®13) | (313) | (331)

o Excels o183} vleFS o2 iy 3 23
71397} S5% WindCorridor GRDS} 4#AFE 0928, 7]

387} 559 ColdAir GRDE] AJ8AI4= 0.856Z YERY H]
¢ &9) WindCorridor_ GRD7} ColdAir_GRDdl| ®]&) AFgAdo)

TAZIFM 71w 287158 she WA o 2552 nl
BEZ L YA Al =& 2A715S Fdsle 33t
o|1, 355 FHA Jee FA| FapAt A 7154
FATS Fshe 3 5L 7RI 4592 9F Ul
7] &8 7Y 7% FaE g, 55 AYS giat

(Refer to Figure 11) #27] A4 17 29212 Area_ GRD9}
SD_GRD®] R*& 061 2 0492 Hl1A =9ko1} Slope GRD
¢} Surface GRDE 0.00, 0172 ¢ UHA veldeh nlgs=
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et F43 Xlwd L5 By} & g Ao gudEn
Ty RS HIHHFE ksl 13 ColdAir_

Y = 0.2876x + 2267
R? - 06056

¥ = 03149« + 22448
RE = 04879
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T T T T Tk -00031x + 22192
R? = 00005

V1= 01941 + 23868
R? = 01659
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Slope_GRD Surface_GRD

=-0.945¢ + 23936
¢ = 09776

yF 16537% - 20497
R? = 07762

Landsat ETM +
Temp(‘C)

Landsat ETM +

Width_GRD

Re = 07159

Landsat ETM +

Obstacle_GRD

Ave_Wind_Corridor_GRD 1.0 19 30 48 50
Ave_Cold/Fresh Air GRD 10 17 2.3 28 45

Figure 11. Correlation between Landsat ETM+ Surface Temperature
(C) and each climate evaluation factor
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3 ¥+ 05975x + 2052
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Figure 12. Correlation between Landsat ETM+ surface temperature(C)
and climate analysis/evaluation(left: all grade included, right:
without exceptional grade value)
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Figure 13. Climate evaluation check by using digital ortho photo
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