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+ 5204]' + €2,i5,d(s)
<H 2> 4TS 8
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1.CHHOIERLE | - |-0.06]0.01 | 0.01 | 0.01 |-0.01| 0.00 | 0.11 | 0.03 | 0.03 | 0.03 | 0.00 |-0.01| 0.01 | 0.00 | 0.00 | 0.00 | 0.00
2. HIHOAIELE - 10.00|0.000.01|0.00]|0.00|0.14 |-0.08/-0.02| 0.00 | 0.00 |-0.01| 0.01 | 0.03 | 0.00 |-0.01|-0.01
3. Y232t - |-0.40|0.31 |-0.34| 0.48 | 0.03 | 0.01 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 |-0.09|-0.02
4.2 - 1-0.36/-0.36{-0.30| 0.01 | 0.01 | 0.00 | 0.00 | 0.00 | 0.00| 0.00 | 0.00 | 0.00 |-0.01|-0.02
5.0 - 1-0.37|-0.30| 0.01 |-0.01| 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.04 |-0.06
6.7t2 - |-0.30(-0.04|-0.02| 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.01 | 0.05
7. A - 10.02|0.01|0.00|0.00]| 0.00/-0.01| 0.00 | 0.00 | 0.00 |-0.06| 0.04
8. ATMS - 1-0.08/0.02 | 0.07 |-0.01(-0.05|-0.06| 0.06 | 0.01 [ 0.00 | 0.00
9. 24| &M - 10.05]0.000.04 |-0.08/-0.03| 0.04 | 0.02 | 0.00 | 0.01
10. CHSEOEQI - 1-0.02|-0.04|-0.01|-0.03| 0.00 | 0.00 | 0.00 | 0.00
11. £ & - |-0.08/-0.05|-0.07|-0.02| 0.01 | 0.00 | 0.00
12. Yo - 10.01|0.01]0.01|-0.04| 0.00|0.00
13. 20CH - 1-0.15|-0.16|-0.15| 0.00 | 0.00
14. 30CH - |-0.35/-0.33| 0.00 | 0.00
15. 40CH - [-0.36|0.00|0.00
16. 50CH - 10.001]0.00
17.H E= = - |-0.09
18. 35 -

1) p<0.05 0| M F2I5HH 2ISHAH EAIS
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12 | eE93 253 15

<E 3> 24 23

231 232
CH¥OE ORI CHYOE ORI
FHA | BER2 | YA Zezt | A | BEER3L | YA | BEER3}
et 4335 0.062 -0.957" 0.074 -4.423" 0.062 -0.969™ 0.074
Hu =zt
=7
due -0.007" 0.002 -0.007" 0.003 0.006™ 0.002 -0.008™ 0.003
L 23zt 7e -0.013™ 0.002 0.0005 0.003 0.013" 0.002 0.0002 0.003
oEAS
EL=r FARI= -0.001" 0.004 -0.020™ 0.005 0.0001 0.007 -0.018" 0.005
LN 232 He -0.019” 0.003 -0.009" 0.003 -0.020" 0.003 -0.008" 0.003
2B 0f0f HDZE
=7
=g . -0.006™ 0.003 -0.003" 0.003
ExATMEE
%é%l% MEE -0.003™ 0.002 -0.0017" 0.003
oE-AHS
%;g%;ﬁ MEE -0.004" 0.002 -0.003™ 0.002
ELAE=F Fag o "
HS X ATMEE -0.003 0.001 -0.006 0.002
EA H+
ATMSE -0.773" 0.008 -1.114" 0.010 -0.735" 0.017 -1.143™ 0.021
2|42 & -0.115™ 0.004 -0.286" 0.005 -0.115™ 0.004 -0.286" 0.005
CHOIE Y -1.6377 0.077 -1.834™ 0.094 -1.636" 0.077 -1.8357 0.094
£AHOP A -0.289™ 0.015 -0.095"™ 0.018 -0.289™ 0.015 -0.095™ 0.018
sl -0.013™ 0.009 -0.014™ 0.011 -0.013” 0.009 -0.014™ 1.608
20CH -0.203™ 0.022 -0.047" 0.027 -0.203™ 0.022 -0.047" 0.027
30CH -0.152™ 0.014 -0.117" 0.019 -0.152™ 0.014 -0.117" 0.019
40CH -0.184™ 0.013 -0.382" 0.017 -0.183™ 0.013 -0.3817 0.017
50CH -0.144" 0.017 -0.235" 0.018 -0.144" 0.013 -0.235™ 0.018
H == -0.056" 0.013 -0.093" 0.015 -0.056" 0.013 -0.093™ 0.015
259 -0.079" 0.023 02177 0.030 -0.079" 0.023 -0.216" 0.030
-2LL 674,321 674,301
-AIC 674,454 674,449

1) #* p<0.01, * p<0.05, + p<0.10.

2) S LU TS Al ZE 0 E(time fixed effect)S Zelotl U
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ABSTRACT

1. Introduction

Companies have a keen interest in taking advantage of weather to improve business performance. Previous
studies have examined outcomes in a single store or one retail brand (Arunraj and Ahrens 2016; Parsons 2001) or
focused on one dimension of weather among a possible multitude including temperature, sunlight and rainfall
(Moon et al. 2018; Zwebner et al. 2014). However, little is known about complex weather effects, especially in a
setting of multiple retail brands. This is where we aim to contribute. This research investigates the effect of
weather in the context of grocery shopping. We focus on weather discomfort or unpleasant weather conditions
from the perspective of grocery shoppers and examine how the weather discomfort affects their store visits when
shopping for grocery. To be specific, we attempt to obtain answers to the following questions. First, does weather
discomfort affect grocery store visits (megastore vs. supermarket)? Second, how does this weather effect vary by
season? Third, to what extent does individuals’ shopping preference moderate the weather effect? To this end, we

study related literature, propose the hypotheses and then empirically test them.
2. Research Model and Hypotheses

Figure 1 shows the proposed model. As mentioned above, we focus on the two types of grocery stores,
megastore and supermarket. To understand store visits by grocer shoppers, we first focus on weather discomfort.

This weather discomfort is designed to reflect weather conditions outside comfort zones or beyond bearable
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boundaries. The season-specific variables of weather discomfort are constructed using the multiplex measure of
the NET index (Hentschel 1986). Spring and fall are grouped together while summer is combined with winter due
to their pairwise similarity of climate mildness or severity. Next, we examine the moderation effect of shopping
preference. Shopping preference is measured by counting the lagged number of store visits within the 2.5 week
data window. As such, we can examine in what way season-specific weather effects are moderated by
individuals’ shopping preferences when explaining store visits to megastores and supermarkets.
H1: In spring and fall, weather discomfort positively affects visits to megastores and supermarkets.
H2: In summer and winter, weather discomfort negatively affects visits to megastores and supermarkets.
H3: In spring and fall, shopping preference moderates the positive effect of weather discomfort.
H3-(1): The positive effect of weather on megastore visits becomes stronger as shopping preference gets
greater.
H3-(2): The positive effect of weather on supermarket visits becomes weaker as shopping preference gets
greater.
H4: In summer and winter, shopping preference moderates the negative effect of weather discomfort.
H4-(1): The negative effect of weather on megastore visits becomes weaker as shopping preference gets
greater.
H4-(2): The negative effect of weather on supermarket visits becomes stronger as shopping preference gets

greater.

Shopping Preference

| |

Hz-m: + Ha-) @ +

Weather Displeasure Store Visit:
in Spring & Fall Megastore vs. None

Weather Displeasure Store Visit:
in Summer & Winter Supermarket vs. None

<Figure 1> The proposed model

3. Data and Analysis

We obtain store visit data of 2,400 shoppers residing in Seoul in 2015 from one of the top three retail stores. To



reiterate, store visits consist of megastore and supermarket while non-shopping serves as a baseline. We merge
this store visit data with the following additional datasets. We obtain daily weather data from the open portal of
Korea Meteorological Administration and construct the variable measuring weather discomfort (WD). The
season-specific variables of weather discomfort are constructed using values deviated from the median of the
NET index or the weather stress index. We also collect public data available from the Korean government to
control for local environments and rule out alternative explanations. In particular, we obtain the total numbers of
megastores and supermarkets in each region (at the sigungu level) along with area size. As such, a variety of
control variables includes local retail characteristics (overall densities of megastores and supermarkets),
demographics (age and gender), and daily weather conditions (rain and snow).

Multinomial logistic regression is employed to estimate the probability of consumer i visiting store j (=1 for
megastore; =2 for supermarket) on day d in season s while taking ‘no visit’ as a baseline. Model 1 focuses on the
weather effect by season whereas Model 2 extends Model 1 by adding the moderation effect of shopping
preference (SP). Note that both empirical models include time fixed effects by month and day of week.

GXD( I/Z‘S’L'tl-j" d(s))

Prob( Visit,. ys) = — 1
( i7d(0) 1+Z‘j€{1,2}exp(stztU_’ i(s)) M

Model 1:

ViSitij,d(s) = ﬁll.js s WD, + Yi,5.ds) © Co”tmlsz‘,jd(s) + [310,]' + €1.i5.d(s) (2)

Model 2:

V’/Sitij,d(s) = ﬂm,js s WD, + 5224‘5 s WD, » SP,;+ Y2,5,d(s) * a’”“'(’lé'ij.d(s)"'[7’204]""52,1';',(1(3) (3)

Table 1 shows the estimation results of Model 1 and Model 2. The empirical findings are as follows. First,
weather discomfort in spring and fall helps consumers go grocery shopping whereas that in summer and winter
hampers shopping trips. These weather effects stay the same for both megastores and supermarkets, thus
supporting H1 and H2. Second, when visiting megastores, shopping preference moderates the weather effect by
increasing (lowering) its influence in spring and fall (summer and winter), suggesting the varying sensitivity to
the weather effect across individuals when visiting megastores. That is, as shopping preference gets greater, the
positive effect of weather in spring and fall becomes stronger and the negative effect in summer and winter
becomes weaker. These thus support H3-(1) and H4-(1). Third, as per supermarket visits, shopping preference
moderates the weather effect by intensifying the negative effect of weather only in winter, moderately supporting

H4-(2). Taken all together, our empirical findings in general support the proposed hypotheses.
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<Table 1> Parameter Estimates

Model 1: Main model

Model 2: Interaction model

Megastore Supermarket Megastore Supermarket
Estimate SE Estimate SE Estimate SE Estimate SE
Intercept -4.335" 0.062 -0.957" 0.074 -4.4237 0.062 -0.969" 0.074
Weather Discomfort (WD)
Spring - Fall
WD: Spring -0.007" 0.002 -0.007" 0.003 0.006" 0.002 -0.008™ 0.003
WD: Fall -0.013" 0.002 0.0005 0.003 0.0137 0.002 0.0002 0.003
Summer - Winter
WD: Summer -0.001™ 0.004 -0.020™ 0.005 0.0001 0.007 -0.018" 0.005
WD: Winter -0.019™ 0.003 -0.009™ 0.003 -0.020™ 0.003 -0.008™ 0.003
WD with Shopping
Preference (SP)
Spring + Fall
WD<SP: Spring -0.006** | 0.003 | -0.003** | 0.003
WD><SP: Fall -0.003** | 0.002 | -0.001** | 0.003
Summer - Winter
WD<SP: Summer -0.004** | 0.002 | -0.003** | 0.002
WD SP: Winter -0.003** | 0.001 | -0.006** | 0.002
Control Variables
Shopping preference (SP) | -0.773" 0.008 -1.114™ 0.010 -0.7357 0.017 -1.1437 0.021
Past expenditure -0.115™ 0.004 -0.286" 0.005 -0.115™ 0.004 -0.286" 0.005
Megastore density -1.637" 0.077 -1.834™ 0.094 -1.636™ 0.077 -1.835" 0.094
Supermarket density -0.289™ 0.015 -0.095™ 0.018 -0.289™ 0.015 -0.095™ 0.018
Male -0.013™ 0.009 -0.014" 0.011 -0.013" 0.009 -0.014™ 1.608
Age: 20s -0.203™ 0.022 -0.047" 0.027 -0.203™ | 0.022 -0.047" 0.027
Age: 30s -0.152" 0.014 -0.117™ 0.019 -0.152" | 0.014 -0.117™ 0.019
Age: 40s -0.184"™ 0.013 -0.382™ 0.017 -0.183™ 0.013 -0.381" 0.017
Age: 50s -0.144"™ 0.017 -0.235™ 0.018 -0.144™ 0.013 -0.235" 0.018
Rain or snow -0.056" 0.013 -0.093™ 0.015 -0.056™ 0.013 -0.093" 0.015
Holidays -0.079™ 0.023 -0.217" 0.030 -0.079™ 0.023 -0.216" 0.030
2LL 674,321 674,301
-AIC 674,454 674,449

Note: 1) ** p<0.01, * p<0.05, + p<0.10.

2) It includes time fixed-effects by month and day of week.
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4. Conclusion

This study empirically demonstrates that weather plays a key role in understanding retail store visits and this
weather effect varies by season. Furthermore, individual-level shopping preference can both help and hamper this
main effect of weather depending on seasons and store types. Thus, our empirical findings contribute to the field
of offline retailing by examining the role of weather in driving store visits as well as the additional effect by
individuals’ shopping preference. In today’s era, the retail environment continues to evolve rapidly with new
channels and unprecedented formats. As such, this sort of disaggregate level analyses helps both academia and
practitioners deepen related understanding and employ strategies accordingly above and beyond studies using
aggregate sales data. Further this study offers managerial insights into weather-based promotions to drive store
traffic and improve sales performance. The positive effect of weather needs to be taken advantage of and the

negative effect should be mitigated by targeting consumers of varied shopping preferences.

Keywords: weather discomfort, grocery shopping, store visit, megastore, supermarket, multinomial logistic

regression.






