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ABSTRACT

The space between urban buildings becomes a waterway during rain events and requires
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a boundary condition in numerical calculations on grids to separate overland storm flows
from building areas. Minimization of the building data distortion as a boundary condition is a

necessary step for generating accurate calculation results. A building generalization 1s used
to reduce the distortion of building shapes and areas during a raster conversion. The
objective of this study was to provide the appropriate threshold value for building

generalization and grid size in a numerical calculation. The impact of building generation on
the connectivity of urban storm waterways were analyzed for a general residential area. The

building generalization threshold value and the grid size for numerical analysis were selected
as the independent variables for analysis, and the number and area of sinks were used as
the dependent variables. The values for the building generalization threshold and grid size

were taken as the optimal values to maximize the building area and minimize the sink area.
With a 3 m generalization threshold, sets of 5X5 m to 10X10 m caused 5% less building
area and 94.4% more sink area compared to the original values. Two sites representing
general residential area types 2 and 3 were used to verify building generalization thresholds

for improving the connectivity of storm waterways. It is clear that the recommended values
are effective for reducing the distortion in both building and sink areas.

KEYWORDS : Building Generalization, Grid Size, Overland Runoff, Spatial Connectivity, Land
Use Category, Geographic Information System
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TABLE 1. Areal distribution of the use district
Use district Arealr) Share ratio(%)
General residential area 1 1.85 10.14
General residential area 2 7.62 41.75
General residential area 3 5.41 29.64
Semi—residential area 0.31 1.70
Manufacturing area 0.18 0.99
Business area 0.92 5.04
Green area 1.96 10.74
Sum 18.25 100
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FIGURE 1. Primary causes of the inundation by heavy

precipitation(Source: Seoul Metropolitan Government, 2012)
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TABLE 2. Developable density and building height restriction system of Seoul Metropolitan

Government
Restriction factor GRA* 1 GRA 2 GRA 3 S—RA#x B—Ax*x
Building height 4F 18F - - -
Building coverage ratio(%) 60 60 50 60 60
Floor area ratio (%) 150 200 250 400 800

*GRA : General Residential Area

**S—RA : Semi—Residential Area

*+*xB—A  Business Area

TABLE 3. Thresholds of a building generalization applied in this study.

Case Aggregation Simplification
Detached distance : 0~50m Tolerance : 0~50m
81 Min. area of a house: 50m* Min. area of a house: 50m’

Min. area of a hole: 1,000m*




TR HE UGN £ FHA UE AEYRY 949 DX 9%/ HH A8 141
Fotel T shtel deR HuA A uiiel 1 gkl #8ste] ﬁx}ﬂﬁ Aniste DSMX}
WAL AR Qo] WA HaslgwAe  8F whETh 53] 1E dws 1849 A
LOOOm= WPk = ) 8l 59 oA ARE HEAR Eh Aostal & < W
wel WE el SAMARE e & = 7] 9FE 1xIm AAPNEe] dnkebe

Y E27E 9 F 18 0~50m ®elE &
o AR A8 SAs eAek AW AARk o
RE AAs] flskel Ak WSkl wkE A
SRS getsl] % RS AAF
& 9 et Akl AR =92 Om,
Im, 3m, 5m, 7m, 10m, 20m, 30m, 50m<]
9Nz S, A 7%71“’ “&
&to] 50m' olsf WA 9] AEd A &
-8 o= H“EV]‘?}—J ‘drtslE 2
X

o
1 )
s R,

ot e F

oL r‘{)’

h=4
U=

L

w
N
A
N
=
ne
=
o
rn
O
(9]
=z
A
Hu
H
e
on

N
)
1o,
_>|,1_1‘

iz
T

e

o o
>

lo, o

d

40
2
Y 4
N (
3
o 2
i 12
3o
=
rO

7} o] HARE o]&F

RUNEW
i
i
2
o
™

= ?i:r“’ﬂ’ﬂ /\}%o}t

(Digital Elevation Model) & 1X1m Z&x}7|qt
o] #lAEAIER] shA oA AnkstE 1ES
B AEwe] ARE AW WERtgo|th weh
A WA, dRbskE Y RE 1 X 1m AAP|EE
AAERE AR NE AEARE Agks] Azt
]‘* O]‘*ﬂ% DSMAL=E wHEt) $HE, ¥l=
A ol et A% FAAA AR}
7= EH"PX]?J A3 9 Auxd a8y
=0 ol aiA AFEt e 4% 4
FEHE7 HEEA] gl A%

sty s HASAE 7 9l
v AAA719] Adeo] ezttt ol ¢
A=27] 674 3X38m, 5Xbm, 7X7m, 10X
10m, 20%20m, 30X30m= «d¥tstd HEH

DSMALR' & & dRbsb]s (7], w<esh
B3 GAIERS] gl gl AAIE(Om, Om,
Om) x| 484 LZX}JE
shoh dijiAtE =

A7 ARkstE DSMX]—JJ—E ]U}E}

HIE 57425 ArcGIS9) shwe] % 4
ol upg} f=2 aEW (flow direction) 7|s
I FH AR (flow accumulation) 752 ©]&
FET) ol ARPZ|RE AxtslE DSMA}
BE 97 AR FES AE AR 154 E
2 ARgsith o % =GR
e el A kR el At
7H] = Az glo] AAEojofsity 1
U A= dRksk ARe] el wE ARkl
o] W) WEZNE Ao d2AE wghe| Lq%
e st Zﬂ%—J io]ﬂ HA
ZjE“’]'—q ]—1 %j
AR =R ‘7%% 7§—°r°ﬂ 55 o
(Sink)o] WAsi}, & AFXe= A=Y
His} QAR Axa7] Agel ot ¥lE
FEAEAA8e Frke A MaEe AR
'4 \:]_XJ 7H_r_94_ A A S A]—%E‘]—E]—

R =R R

=3,

4. MOIXIEE 0|83 BIIERC| 55
WA ) SEAY FAA §3e wE
Ady wEe B4 B 9ol AuF

AR SEFES 7
o] 40x40 FHZ BE NRFH oA
FZPHEA 2.00874 ha(20,087.4m) 7]9]

2 MQIA % (index map) S =3I},

= = =
1. A2 Ak} =3 ’51% Ay

QAGE el
CERL:



142 Effect of Bulding Generdlization in a lattice Cell Form on the Spafidl Connectivity of Overland Storm Waterways in an Urban Residential Area

Aggregation Threshold

Oom im

5m 10m 50m

om

im

Simplification Threshold

10m

50m

FIGURE 3. Effect of the buildings generalization on the shape and
area of buildings on the basis of vector modeling
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TABLE 4. Effect of the building generalization threshold(m) and the grid sizes on the total
area of buildings(ha)

Grid The number of building meshes(EA) and the total area of buildings(ha)
(M sets  OmAS) 1mAS) 3m(AS) 5mAS  7mAS) 10mAS) 20mAS) 30m(AS) 50m(AS)
Mesh No. 4,891,066 4,935,013 5,248,590 5,742,958 6,386,016 7,790,234 9,672,554 10,825,494 13,307,888
BLD Area  489.1 493.5 524.9 574.3 638.6 779.0 967.3 1,082.5 1,330.8
Mesh No. 540,236 544,636 579,808 636,302 708,645 865,035 1,074,587 1,202,695 1,478,684
BLD Area  486.2 490.2 521.8 572.7 637.8 778.5 967.1 1,082.4 1,330.8
Mesh No. 192,440 194595 206,598 227,776 254224 311,004 386,648 432,893 532,324
BLD Area  481.1 486.5 516.5 569.4 635.6 777.5 966.6 1,082.2 1,330.8
7%7 Mesh No. 96,139 97,495 104,221 115,261 129,092 158,460 197,179 220,819 271,570
BLD Area  471.1 477.7 510.7 564.8 632.6 776.5 966.2 1,082.0 1,330.7
10X1 Mesh No. 44,534 45,570 49,966 55,510 62,643 77,242 96,520 108,102 133,078
0 BLD Area  445.3 455.7 499.7 555.1 626.4 772.4 965.2 1,081.0 1,330.8
20x2 Mesh No. 4,821 6,074 10,137 12,757 15,003 18,787 23,941 26,946 33,248
0 BLD Area 192.8 243.0 405.5 510.3 600.1 751.5 957.6 1,077.8 1,329.9
30x3 Mesh No. 683 905 2,886 4,562 5,887 7,686 10,294 11,844 14,750
0 BLD Area 61.5 81.5 259.7 410.6 529.8 691.7 926.5 1,066.0 1,327.5
* BLD area: the total area of buildings (ha)

1x1

3%3

5X5

TABLE 5. Sink counts(EA)and total area of sinks(ha)

The number of sinks(EA) and the total area of sinks(ha)

Grid
(m) tr?ritsshglfd omAS) 1mAS) 3mAS) 5mAS  7mAS) 10mAS) 20m(AS) 30m(AS) 50m(AS)
q SnkNor 3333 0443 25180 106H 1522 070  58% 4356 200
Sink Aea  23.08 2263 2067 1858 1671 1386 1213 1247 7.28
gxg  SikMNo. 10260 10,185 7020 6218 5000 3280 2028 1606 1,034
Sink Aca  3.65 3.62 3.14 273 2.39 1.04 150 1.45 0.97
sx5 _SnkMNo. 4688 4681 4105 3368 2008 1907 1268 10% 685
Sink Area 1.47 1.46 1.34 119 1.00 0.88 0.71 0.61 0.46
sx7 _SnkNo. 2683 2684 2566 2231 2029 1448 947 771 497
Sink Area 091 0.91 0.87 0.80 0.75 0.63 0.56 0.50 0.39
foxjp_ Sk No. 1218 1261 1473 1620 146 1,004 692 552 367
Sink Area 0.34 0.35 0.39 0.40 0.38 0.29 0.25 0.22 0.19
oo op_ Sk No. 121 153 354 543 575 436 300 275 204
Sink Area 0.04 0.05 0.10 0.13 0.14 0.11 0.08 0.08 0.08
30x30_ Sk No. 14 17 o7 217 269 229 178 157 142

Sink Area  0.004 0.005 0.03 0.05 0.06 0.05 0.04 0.04 0.04
* Sink No.: The counts sinks(EA) / Sink area: The total area of sinks(ha)




146 Effect of Bulding Generdlization in a lottice Cell Form on the Spatidl Connectivity of Overland Storm Waterways in an Urban Residential Area

100000 Building
Generalization
Threshold (m)
e Om[#, )
im(#, 5}
——3m(A, 5]

10000

i 5[4, 5)

i T[4, 5)
10m(A, 5}

Sink Count

100

10

1x1m 3x3m 5x5m Tx7m  10x10m 20x20m 30x30m

Grid Size

Sink Area (ha)

25 Building
Y Generalization
Threshold (m)

0|4, 5

Imia, 5}

—3miA, 5

5[4, 5)

b 7mA, 5
10m(4, 5}

——20m|A, 5}

20ml4, 5}

R 50m(A, S)
o - e =
SxSm  7x7m  10x10m 20x20m 30x30M < s - g

S = Simpification

Grid Size

(a) Sink counts

(b) Total area of sinks(ha)

FIGURE 7. Results of the number of sinks and the area of sinks

AN AR AR A7) 23 A
Blo] @)

I3 @A) B mE el )
sk geldt Aafelrt, v et 242
Wk ALGE BrIAAT AR 2S 7
$ole At AR ) mepd gt

A Dk 2 AA=717F 3x3mek Az
1m(A,S) 252 &2 714 10,18670¢ =+dd

# 3.6hao)qlth. AA=7)E g A7) AL Aukst
AAFS 50m(A,S) & F7HA71AF w5
o} b WAL A7 90%$}t T4% A FHAst
ok sk, AA=7]1E 10X10m 283 94

#e ImASE AHgd Az, wEuze
0.35ha® ZAA77] 3xX3m7A$e wdHz

3.6ha?l 10%9] 155 o2 thE Aigh =
3t Ax9715 10X10me 2 13sta
AABRES 50m(A,S) 2 7194 285t A=
RS oS ARAIA BFe] 0.35hal] oF
46%7F 7H¥ 0.19ha® YeERsth 19 7(b)
Az=7) STt wE wAH o] M=
Mae] wmslel fARE A3S Ado) o]
ANE2HE G R Azpgs
Ants} AAGS] A8 FEAEIE A
N D EEAS Al w-
S (e}

=
FES FUE BT+ ork. we AR
Al AL 5 KA A AN
g% AAQ) AR BErh = Ak

e A4 A1 de
o Ao mRE AFEolok & & 5 Qi
wheba] ol dAQl AR e AzAr] e}
A 2FAPE AE duksl AL ALl
ot F Aduwd ms xR Wzl iy
B AN 7 HaslEn AxY dw
o] Haspt Al UEHE T olF
of gt} ARt A 22 BleR-Edl 4
g moJola FAs) 9] HgAd
5x5m A e ARy
&3 Al S= Rkt

Anksl A%
o

N
)
)
o
S

o Ko O
i
_0|L
¥2
i)
ke

7HT 4
th A (B) F HEWH
2 IANE FEARY
A JAF Fgoz HilE (3) F HEEy
S AFE 495 A (1) 9 489.1ha% WHE
oA olFH) A %O (6) F wd HEH
g ARk o] FxArEll (2) 9 203.8
ha® (4) & & HAE AL 3= (2) 9]
23.8 ha® thr Azfo|o}.,

& 6914 Bo] 9AIF 3m(A,S)EZES 4
S AA=A7)7F 5x5mE ALEE F AEdE

(o]

=

e 56%% F wARA Page
94.4%] EEPom AR QAN A



HAY HE YR BA 2R BlE FEYEY A& nlAlE Gy / AN - sHiF 147
TABLE 6. Building area increasement rate(%) and sink area decrease rate(%)
*2 Ref. 1X1m 5X5m 7XTm 10X10m
“ (1) 2 @ @ =30 =46 3 @ 6B © © @ 6 6
BLD-Gen— BLD Sink BLD Sink  BLD. Sink BLD Sink  BLD. Sink BLD Sink BLD. Sink
Threshold area area area area area area area area area area area area area area
up down up  down up  down
(ha) (ha) (ha) (ha) (%) (%) (ha) (ha) (%) (%) (ha) (ha) (%) (%)
Om(A,S) 4891 238 4811 147 -16 938 4711 091 -37 962 4453 034 -9.0 98.6
3m(AS) 5249 207 5165 1.34 5.6 944 5107 087 44 9.6 499.7 039 22 984
5m(A,S) 5743 186 569.4 119 164 950 5648 080 155 966 5551 040 135 98.3
7m(AS) 6386 167 6356 1.09 30 954 6326 075 293 968 6264 038 281 98.4
10m(A,S)  779.0 139 7775 0.88 58 96.3 7765 063 588 974 7724 029 580 99.0

*1 BLD—Gen—Threshold.: Building Generalization Threshold
*2 Ref :

Reference data that represents the original areas of buildings and sinks developed in study site.

*3 Total building area (ha) reduction rate in % is calculated by the equation of (5)=((1)—(3))/(1)
x4 Total sink area (ha) reduction rate in % is calculated by the equation of (6)=((2)—(4))/(2)
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(c) 5m(A,S)\ case  (d) 10m(A,S) case

FIGURE 8. Results from BGTs*
on the 1X1m at K16(GRAx** 2)

BGTs=: Building generalization thresholds
GRAx=*: General Residential Area
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FIGURE 9. Results from BGTs
on the 1X1m at AA26(GRA 3)
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FIGURE 10. Results from BGTs
on the 5xX5m at K16(GRA 2)
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