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Diagnosis on the Non-linear Association of Built Environment with Walking
Activity in Residential Areas

- Focused on the difference of walking purposes for physical environment based on
Jacobs' Life -
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Abstract

This study is aimed at empirically identifying the non-linear association of residential
built-environment with personal walking activity by its purpose in the city of Seoul. Employed
are multi-level linear regression models where the first level is personal and household
characteristics and the second one is residential physical environment measures. Walking
purpose is categorized into commuting, shopping, strolling and eating-out. Dependent
variable is average daily walking time of residents. It was surveyed with personal and
household features such as gender, car-ownership and housing type. The study also employs
built-environment measures, based on residential location information, for the four necessary
conditions and two complementary ones of Jacobs' life in the American great cities. The
study analyzes with total five models for all respondents and by a group participated in each
walking purpose in that ANOVA analysis showed that each walking purpose participants have
more significant increase in daily walking time than non-participants.

Analysis results demonstrate that residential built-environment measures have not only
differentiating role, by walking purpose, in varying average daily walking time. But some of
them also have non-linear associations with it. It indicates that the relationship of urban
residential physical environment to daily walking activity is not simple but complicated, even
more by its purpose. Another implication is that the not-fully identified but influential urban
design theory of Jacobs(1961) for American great cities is able to work in the Seoul great
C|ty of the 21st Century
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Table 1. Summary statistics

Total Commuting  Shopping  Strolling Eating-out
Logarithmic value of average daily walking time (min.) 401 4.04 4.06 4.09 4.09
Gender Male 906 624 610 358 460
Female 917 276 767 388 483
’§ Number of workers 205 2.02 208 201 211
g Car Gl No 207 98 161 89 120
5 Yes 1616 802 1216 657 823
2 Monthly household income ($=1000KWR) 4,026.4 41319 4,006.8 3,9529 3,986.6
8 single family 264 141 194 124 142
% Housing  multi-family 724 359 582 291 406
type condo (apartment) 776 374 552 298 364
multi-use 59 26 49 33 31
Mixed Entropy index between residential use and non-residential 068 067 066 068 066
Use use

Number of intersections per net area (num./km2) 0.00 0.00 0.00 0.00 0.00
it Ratio of 4-way intersections to total ones 073 0.73 0.73 0.73 0.72
Blocks Ratio of narrow-width roads 0.34 0.34 0.35 0.37 0.31
Entropy index for 4 road types 0.64 065 0.65 0.62 0.67
Distance to the nearest entrance of any building 36.07 38.30 33.83 3287 33.61
Aged Average age of all buildings (years) 3173 3172 3173 3172 31.74
- Buildings Standard deviation of all building age (years) 811 7.98 812 8.09 8.26
2 Average number of building floors 246 244 245 244 247
§ — All building per net area 17.85 17.66 18.49 16.42 2292
= ation Daily neighborhood buildings per net area 0.82 0.82 0.80 0.80 0.87
o Non-daily buildings except office per net area 0.77 0.75 0.77 0.77 0.70
2*,::— Office buildings per net area 0.53 0.53 0.51 0.59 0.59
2%_ Dnst'ance to the nearest CBD, either City Hall or Kangnam 78863 79567 80212 80827 84167

Iy station
& Distance to the nearest bus stop (m) 176.81 178.98 177.66 179.37 181.21
S Total number of bus stops per net area 0.00 0.00 0.00 0.00 0.00
,E Accessibil Distance to the nearest railway station (m) 536.55 555.09 552.60 564.93 567.27
% ity Distance to the nearest park (m) 316.27 319.20 317.71 317.26 312.39
= Distance to the nearest river/stream (m) 740.56 768.08 746.23 75158 729.61
Distance to the nearest building for daily-living use (m) 51.32 51.99 46.99 4731 46.13
E’;.:tance to the nearest building for non-daily commercial 24188 247.25 240,07 25157 23846
Distance to the nearest building for culture and gathering 52053 527.18 529.73 518.67 515.76
Total floor areas of all building groups per net area 5.5E-06 5.4E-06 5.1E-06 5.0E-06 4.8E-06
Border Total number of all building groups per net area 1.1E-09 1.1E-09 1.1E-09 1.1E-09 1.1E-09
Vacuums Total area of river/stream per net area 4.0E-07 4.0E-07 3.6E-07 3.3E-07 2.9E-07
Total number of parks per net area 3.7E-11 3.7E-11 3.7E-11 34E-11 3.6E-11

Note: Nominal variables are presented as the frequency value and continuous ones as the mean values
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Table 2. Summary statistics and MANOVA analysis results for daily walking time by purpose

“Daily walking time ANOVA analysis
Frequency | Percent Mean | Std. Dev. | Wilks' lambda statistics | F-value | Prob>F
Total 1823 1000% 663 410 09510 2343 0.0000
0,
Commuting [ . Al 22 09925 1378 00002
. 4 9 7
Shopping ()2 115“7“75 dhae o 28 i 09791 3887 0.0000
Strolling (2 L o 09863 2521 00000
Eating-Out (2 I 254 09788 3929 00000
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Table 3. Analysis results

Model A (Total) Model B Model C Model D Model E
(Commuting) (Shopping) - (Strolling) (Eating-Out)
Coef. z Coef. Z Coef. z Coef. z Coef. z
ol Gender Female -0063 -262 -0083 -219:  -0089 " -323] -0051 -134:  -0058 -1.80
z2 Number of workers 0079 ™ 366 0108 358 0087 344 0141 ™ 4.09 0138 ™ 4.62
g éi Car ownership Yes 0.049 118  -0005 -0.09 0027 0.59 0.063 095 0096 176
§. ? Monthly household income ($=1000KWR) -1.9€-05 -150: -396-05 -2.14; -23E-05 -153] -25E-05 -129: -47E-05 -2.52
& z Housing type Multi-family -0.062 -161  -0054 -102;  -0103 ¢ -238:  -0.082 -144;  -0041 -0.81
23 Apartment -0.098 -1970  -0054 -082;  -0140 -~ -2.51 0175 ” -247:  -0095 -1.49
o Other housing type 0043 051 0161 1250 -0046 048 0103 088 0183 155
Mixed  Entropy index for residential and 0351 ™ 374 0394 3a 0247 © 233 0280 ° 194 0291 ~ 222
Use non-residential uses
Short Number of intersections per 15E+08 ™ 640: 14E+08 464: 14E+08 571 48E+07 143; 16E+08 ™ 499
Block area :
Ratio of 4-way intersections (A) 6872 -332 0966 329: 7544 -2.88 0705 208 -10555 " -366
Quadratic term for (A) 5633 379 -0831 -2.56 6124 331 0534 ™ 493 8273 4.01
Ratio of narrow-width roads 0202~ 284 1683 ™ 344 0.106 134 0676 3.69 0161 1.81
Entropy index for 4 road types 0303 ™ 264 0665 327 0.067 054: -0002 ™ -294: 0522 ™ 3.50
Distance to building entrance 0002 ™ -347 -0001 -202;  -0001 -2.50 0.005 013: -0001 ° -1.94
Aged Average age of all buildings 0097 440 0055 183; 0145 7.84 -0.165 294, 008 ™ 3.02
Building Standard deviation of all 0099 318 -0163 -370: 0021 306: 0005 286 -0127 ¢ -3.02
building age (8)
Quadratic term for (B) 0004 358 0005 ™ 365 0142 324 0.088 139 0005 3.57
Concent Average number of  building 0131 313 0115 222 0001 ™ 447 0001 231 0181 361
ration floors
TFA for all building per net area 0002 ° 524 0001 433 0122 ™ 3.00 0.061 116 0001 3383
TFA  for daily neighborhood 0061 ° 199 0117 303 -0109 -3200  -0137 -2.92 0107 264
g? buildings
@ TFA  for non-daily  buildings 0090 -2.95 0015 347 0024 360, -0165  -294
g except office
Q Quadratic term for (C) 0013 326 0038 ° 190 0056 321 0.033 157, 0030 ™ 312
3 TFA for office buildings 0056 363 0052 256
g_ Accessib  Distance to CBD 41E-05 644 24E-05 274 40E-05 583 20E-05 ~ 197° 35605 ™ 4.25
2 ility Distance to bus stop (D) -136-03 ™ -374° -20E-03 ™ -406. -16E-03 -403; -176-03 ™ 329 -31E-04 -1.74
% Quadratic term for (D) 20E-06 322 27E-06 3220 21E-06 322; 26E-06 3.01: N
a Density for total number of 156+08 338 11E+07 018: 10E+08 - 203; 14E+08 1.84: 17E+08 256
5 bus stops i H
& Distance 1o railway station -87E-05 -177] -2.1E-06 -003; -136-04 -2400 -12E-04 -167: -53E-05 -0.88
Distance to park 21E-04 269. 20E-04 ~ 202; 22E-04 " 265 21E-04 - 167: 19E-04 1.92
Distance to river/stream 22E-04 686 -2.26-04 5380 -196-04 -5.38: -3.0E-04 -5.93: -208-04 -4.55
Distance  to  building  for  67E-04 160; -3.3E-04 -062.  6.3E-04 131 178-03 ~ 257 3.0E-04 054
daily-living use i |
Distance to  building  for  14E-04 138 -39E-05 029 21E-04 186 32E-04 2200 11E-04 0.80
non-daily commercial use i
Distance to building for culture -23E-04 ™ 4531 -226-04 -309; -18t-04 -315; -20E-04 -265: -18E-04 -2.45
and gathering H
Border TFA of all building groups (E ) -L7E+0 -196 6807.4 131! -20E+05 -2.05: 9841.020 157; -20+05 -1.67
Vacuum 5
s Quadratic term for (E) 98E+08 325 11E+09 ™ 312} 8.5E+08 205
Density for total number of all  -1.5E+0 -607: -17E+08 -531 -16E+08 -598° -11E+08 -261 -15E+08 -4.10
building groups 8 :
Density for total area of -50E+0 -233. 84E+03 035, -57E+04 -239: -13E+05 -3.54: 3.0E+02 0.01
river/stream 4 i
Density for total number of 17E+09 ~ 206: 19E+09 175 17E+09 ° 1.86: 39E+09 2.89; 23E+09 232
parks i
Constant 2301 ¢ 208: 1403 116: 0651 0.60 323 221 3643 244
Observations 1,823 i 900 : 1377 746 i 943
Std. dev. of between-level residuals 0273 ™ : 0276 ™ 0274 ™ 0267 ™ 0.273
g Std. dev. of within-level residuals 0431 0415 0415 0423 0.408
7 ICC at the final model 0.287 0.306 0303 0.285 0.309
©u ICC at the fully unconditional model 0489 0.551 0510 0.485 0.560
%‘ Log Likelihood -1319.92 -635.54 -963.26 -531.26 -650.31
3 LR Chi-squared 8158 2068 59.67 16.72 3791
AIC 272184 1349.08 2006.53 1140.53 138063
BIC 2947.68 1536.38 2215.64 1320.50 1574.59
g & th & dioR pE=EAEE ofF Oeldl gt UEe ¢ & Atk E=8 (O
By HIARMO] #AVE SAA fod, @E, D2 HEE BAS Hols FAK Axerd9l A
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Fig. 1. Non-linear associations of residential physical environments
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