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Abstract This study empirically analyzes the effect of weather on pedestrian volume in an urban space.
We used data from the 2009 Seoul Flow Population Survey and constructed a model with the pedestrian
volume as a dependent variable and the weather and physical environment as independent variables. We
constructed 28 models and compared the results to determine the effects of weather on pedestrian
volume by season, land use, and time zone. A negative binomial regression model was used because the
dependent variable did not have a normal distribution. The results show that weather affects the volume
of walking. Rain reduced walking volume in most models, and snow and thunderstorms reduced the
volume in a small number of models. The effects of the weather depended on the season and land use,
and the effects of environmental factors depended on the season. The results have various policy
implications. First, it is necessary to provide semi-outdoor urban spaces that can cope with snow or rain.
Second, it is necessary to have different policies to encourage walking for each season.

Keywords : Weather, Volume of Walking, Floating Population, Generalized Linear Model, Negative
Binominal Regression
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Fig. 1. Survey Point
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Table 1. Analysis Models of This Study
Summer Winter
Time Period
Commercial | Residential | Commercial| Residential
All Time S-C-TO S-R-TO W-C-TO W-R-TO
7:30~9:30 S-C-T1 S-R-T1 W-C-T1 W-R-T1
9:30~11:30 S-C-T2 S-R-T2 W-C-T2 W-R-T2
11:30~13:30 S-C-T3 S-R-T3 W-C-T3 W-R-T3
13:30~17:30 S-C-T4 S-R-T4 W-C-T4 W-R-T4
17:30~19:30 S-C-T5 S-R-T5 W-C-T5 W-R-T5
19:30~21:30 S-C-T6 S-R-T6 W-C-T6 W-R-T6
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Table 2. Number of Samples and Survey Point by

Model
Summer Winter
Commercial | Residential | Commercial | Residential
TO 30,112 111,488 44,121 152,698
T1 4,652 17,044 6,268 21,730
T2 4,652 17,044 6,268 21,730
T3 4,195 15,616 6,268 21,730
T4 9,241 34,439 12,644 43,712
T5 2,762 10,067 6,335 21,898
T6 4,610 17,278 6,338 21,898
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Table 3. Variables of This Study

Variables Scale

Dependent Variable Volume of Walking Ratio
Weather Nominal

Independent Lanes Ratio
Variables Bus Stop Nominal
Subway Station Nominal
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Table 4. Normality Test (Kolmogorov-Smirnov)

Summer Winter
Commercial | Residential | Commercial | Residential
TO 0.200™** 0.225%** 0.238™** 0.234**
T1 0.204*** 0.22717%* 0.244*** 0.239™**
T2 0.197*** 0.218*** 0.234* 0.224%**
T3 0.195™* 0.212%* 0.230™* 0.221%**
T4 0.199™* 0.230™** 0.245™** 0.241%**
T5 0.186™** 0.221%* 0.232%* 0.230™**
T6 0.191™** 0.223%** 0.232%* 0.231"**
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Table 5. Model Fit Test

Summer Model Winter Model
Commercial | Residential | Commercial | Residential
TO 0.843 0.804 1.090 1.090
T1 0.895 0.862 1.218 1.175
T2 0.762 0.729 1.006 0.991
T3 0.802 0.768 1.045 1.044
T4 0.825 0.781 1.122 1.118
T5 0.751 0.743 0.968 1.003
T6 0.793 0.790 1.042 1.077
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Table 6. Result of Negative Binominal Regression Analysis

Summer Winter
Commercial | Residential | Commercial | Residential
C | 4.242% 3.741%+* 4.229%+* 4.166***
W8 [ -0.061 0.111 -0.256™** 0.06
W7| -0.06 0.266 0.036 -0.018
W6 [-1.116*** -0.14 -1.408 -0.337
W5 [-0.191%** -0.105"** -0.151"** -0.065**
To W4 | 0.002 -0.102 0.26 0.065
W3 | -0.083*** 0.048™** -0.023** -0.060***
W2 | -0.07*** 0.002 0.059*** -0.007
W1 Oa Oa Oa Oa
V1| 0.081*** 0.067*** -0.007*** 0.006***
V2 |-0.058*** -0.013 0.009 -0.027***
V3 0.52%4* 0.62%* -0.035"** 0.04***
C | 3.989™* 3.511%* 4.131% 4.054™*
W8 |-0.006 -0.195 -0.48 -0.056
w7
W6 | -2.154** -0.182 -1.007
W5 | -0.108™* -0.191*** -0.129%** -0.087***
T W4 | 0.234 -0.281*** -0.421 0.006
W3 | -0.009 0.065*** -0.142"* -0.162%**
W2 |-0.025 0.046 -0.079 -0.077**
W1 Oa Oa Oa Oa
V1| 0.059"* 0.057*** -0.001 0.015%*
V2 |-0.124*** -0.02 0.007 -0.039**
V3 | 0.603** 0.698*** -0.012 0.029
C | 4.022%* 3.592%** 4.071%* 4.03%+*
W8 -0.268 -0.893 0.301
W7 -0.46 -0.667
W6 0.116 0.798
W5 | 0.001 -0.094*** -0.098™* -0.038
™ W4 | 0.405 0.025 0.047 -0.318
W3 |-0.021 0.098*** 0.112%** -0.009
W2 |-0.088 0.022 0.051 0.042
W1 Oa Oa Oa Oa
V1 | 0.076*** 0.06*** -0.003 0.012%*+*
V2 |-0.136™* -0.011 0.003 -0.028
V3 | 0.606™* 0.672*** -0.012 0.029
C | 4.248* 3.875%* 4324 4.272%*
W8 | 0.068 -0.157 -0.76™** 0.09
W7 0.723 0.481 0.137
Wo |-0.738
73 | W5 0.041 -0.156™** -0.084 0.039
W4 | -0.627 -0.318 0.4 -0.705%"
W3 |-0.019 0.092%** 0.124*** 0.046***
W2 | 0.012 0.026 0.05 0.036
W1 Oa Oa Oa Oa
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Summer Winter
Commercial | Residential | Commercial | Residential
V1| 0.101™* 0.067*** -0.002 0.012%**
V2 |-0.157** -0.015 -0.04 -0.027
V3 | 0.601*** 0.680™** -0.001 0.007
C | 4.306™* 3,742 4,183 4,122
W8 |-0.012 0.283 -0.334 0.042
W7 1.042 0.129 0.023
W6 | -1.206™* -1.251 -0.757
W5 | -0.323"** -0.076*** -0.222%** -0.143™*
T4 W4 | -0.232 -0.055 0.167 -0.012
W3 |-0.151"* 0.021 -0.077** -0.114%*
W2 | -0.106™* -0.021 0.076** -0.029
W1 Oa Oa Oa Oa
V1 | 0.084™* 0.074*** -0.009** 0.002
V2 |-0.015 -0.019 -0.003 -0.024
V3 | 0.471%* 0.59*** -0.041 0.04
C | 4.227%* 3.701** 4.229™*
W8 |-0.291 0.214 -0.219
W7 |-0.042 -0.401
W6 -0.243 -1.377
W5 | -0.355™* 0.021 -0.188"**
s W4 |-0.181 0.183 -0.516
W3 |-0.014 0.127%** -0.01
W2 |-0.051 0.003 0.098™*
W1 Oa Oa Oa
V1| 0.078** 0.069™** -0.012™*
V2 |-0.005 0 0.039
V3 | 0.481** 0.553™** -0.056
C | 4.461™ 3.916™* 4,403 4,342
W8 |-0.271 -0.043 -0.161 -0.123
w7 -1.038 -0.593™ -0.226*
W6 | -1.125 0.061 -0.678
W5 | -0.233™** 0.067** -0.016 0.096™**
6 W4 | 0.118 0.051 0.661** 0.502**
W3 | 0.015 0.075™* -0.023 0.003
W2 | -0.044 -0.044™* 0.15%* 0.034
W1 Oa Oa Oa Oa
V1| 0.074™* 0.069™** -0.011* -0.001
V2 | 0.006 -0.002 0.054 -0.028
V3 | 0.445%* 0.552"** -0.066* 0.067**

TO:All Time, T1:7:30~9:30, T2:9:30~11:30, T3:11:30~13:30,
T4:13:30~17:30, T5:17:30~19:30, T6:19:30~21:30
V1:Lanes, V2:Bus Stop, V3:Subway Station

W1:Sunny, W2:Cloudy, W3:Likely to Rain, W4:Shower
W5:Rain, W6:Thunder&Lighting, W7:Snow, W8:ETC
C:Constant, *p<0.1, **p<0.05, **p<0.01
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Table 7. The Effect of Weather on Volume of Walking

Model [Weather, T4 T6
W8
w7
W6
w5
W4
w3
w2
W8
w7
W6
W5
W4
w3
w2
w8
w7
W6
W5
W4
w3
W2
w8
w7
W6
W5
W4
w3 -0.162
W2 -0.077
TO:All Time, T1:7:30~9:30, T2:9:30~11:30, T3:11:30~13:30,
T4:13:30~17:30, T5:17:30~19:30, T6:19:30~21:30
W1:Sunny, W2:Cloudy, W3:Likely to Rain, W4:Shower
W5:Rain, W6:Thunder&Lighting, W7:Snow, W8:ETC

TO | T1 T2 | T3 T5

-1.116
-0.191

-2.154
-0.108

-1.206
-0.323

Summer|
-Comm
ercial

-0.355[-0.233

-0.083
-0.07

-0.151
-0.106!

Summer]|
-Reside
ntial

-0.105|-0.191{-0.094
-0.281

0.065

-0.156|-0.076 0.067

0.048 0.098 1 0.092 0.12710.075

-0.044

-0.256 -0.76

-0.593

Winter-
Comme
rcial

-0.151]-0.129(-0.098 -0.222|-0.188

0.661

-0.023|-0.142 0.124

0.059

0.112 -0.077

0.098| 0.15

4.342

Winter- -0.226
Residen

tial

-0.065/-0.087 -0.143

-0.705
0.046

0.096
0.502

-0.060! -0.114
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