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Abstract
Uncertain future and fears about the stock-outs will compel the customers to stock goods at home, resulting in panic buying. 
Even though it is a frequently observed consumer behaviour, there is scant literature in dual-channel supply chain (DCSC) 
which address this demand disruption. This study analytically models and analyses the impact of panic buying in a DCSC. 
For that we consider a two-echelon dual-channel supply chain comprising of a manufacturer, brick and mortar store (r-store), 
and online store (e-store). The interaction between the upstream and downstream channel members is modelled using a 
Stackelberg game. Further, we examined two models based on the channel power difference between the r-store and e-store, 
i.e., (i) r-store leader model and (ii) the e-store leader model. We also used Monte-Carlo simulation to deduce corollaries 
and managerial insights. We found that the Law of demand doesn’t hold during panic buying disruption, and even essential 
goods act like Veblen goods during the period. Contrary to the expectation, panic buying was also found to be beneficial for 
the e-store. Counter-intuitive results with respect to the channel power were also obtained in the sense that it is beneficial 
for the r-store to operate under the leadership of the e-store and vice versa. The study shows that the manufacturer is better 
off with panic buying.
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Introduction

Background of the study

COVID-19 has disturbed our lives unprecedentedly, and 
countries around the globe struggle to cope with the havoc 
created by the pandemic (Chesbrough 2020; Dolgui and 
Ivanov 2021). The governments immediately closed their 
international borders and instigated strong lock-down meas-
ures, and people were told to endure inside their houses. The 
declaration of lock-down created havoc among the people, 

especially a drastic shift was observed in the consumption 
and consumer behaviour (Elnahla and Neilson 2021; Hall 
et al. 2020; Zulauf et al. 2021). The first response from the 
consumers’ side was panic buying (Hao et al. 2020; Mahajan 
et al. 2021; Yuen et al. 2020). Panic buying can be defined 
as the unusual and extensive buying of substantial volume of 
goods, especially essentials, in anticipation of a shortage or 
stock out. It generally lasts for short time and will disrupt the 
supply chain (Zheng et al. 2021). Using the market insights 
from COVID-19 pandemic, this study analytically models 
the panic buying disruption to make the supply chain more 
robust during future panic buying disruptions.

For the study, we consider the period between the 
announcement of lock-down by the government and the 
commencement of lock-down, and for most countries, this 
period spans a maximum of 24 h (Gettleman and Schultz 
2020). The period was repeating as many countries imposed 
frequent lock downs after unlocking for a certain period. 
During this period, the brick and mortar store (r-store) faced 
a sudden surge in demand (Levinson and Melissa 2020; 
O’connell et al. 2020), and with the rapid spread of the news 
of the lock-down, supermarkets were emptied. Reports of 
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these vacant supermarkets accelerated the pace of panic 
buying. Rice and noodles disappeared from the shelves of 
Asia, flour became impossible to find in Europe, and toilet 
paper shortage was severe in Australia and the USA (Mao 
2020). Irrespective of the cultural and geographical bounda-
ries, antipyretics, sanitisers, masks, and gloves were emptied 
from the traditional brick and mortar retail stores (r-stores). 
Repeated assurances from the government about refilling the 
stock-outs were in vain, and to an extent, it only accelerated 
the panic buying.

Nevertheless, the e-commerce industry was less affected 
by panic buying syndrome (Meshram 2020) owing to the 
lead time between ordering and delivery of the product and 
people’s behaviour to have immediate gratification during 
emergencies (Kulkarni 2020; Nakayama and Wan 2021). 
Many researchers have empirically cited this behaviour 
(Hao et al. 2020; Mahajan et al. 2021; Yuen et al. 2020). For 
instance, during the initial stages of the pandemic disruption, 
the sales of ‘Target.com’ and ‘Amazon.com’ were constant 
(Levinson and Melissa 2020). Thus, in tune with these busi-
ness situations, we assume that panic buying has resulted in 
an asymmetric demand disruption in the sense that mostly 
brick and mortar channels were facing the disruption.

A similar pattern of consumer behaviour was observed 
during the Ukraine War crisis (of 2022). After the declara-
tion of war, Europeans started stocking up survival gears 
like sleeping bags, camping cookers and canned food  which 
led to severe panic buying. For instance, Ica Gruppen, a 
Swedish grocery retailer, reported that sales of milk powder, 
pasta, grains, and canned foods rose by 20% (Thomasson 
and Soderpalm 2022) after the declaration of war on Ukraine 
by Russia. Thus, it became imperative to model the panic 
buying period, to ensure a seamless supply of goods during 
the period and to make the supply chain robust during such 
disruption situations.

Based on the insights obtained from the above-discussed 
market situations, we model these disruptions in a Dual 
Channel supply chain (DCSC) (Rahmani and Yavari 2019; 
Rofin and Mahanty 2018; Zhang et al. 2021) consisting of 
manufacturer, r-store and online store (e-store). The channel 

power difference has been incorporated into the models 
reflecting the realistic market conditions and examined 
r-store leader (RL) model and e-store leader (EL) model. 
Specifically, the central objectives that are addressed in this 
study are as follows.

1.	 To model the impact of panic buying disruption on the 
optimal decisions of DCSC channel members when 
r-store is holding a superior channel power than the 
e-store.

2.	 To model the impact of panic buying disruption on the 
optimal decisions of DCSC channel members when 
e-store is holding a superior channel power than the 
r-store.

3.	 To compare the influence of panic buying disruption 
between the two channel power structures.

We employ game theory (Reisman et al. 2001; Watada 
et al. 2014; Zhang and Sun 2020; Zhi et al. 2019) to address 
the objectives mentioned above due to its suitability to 
model the interactive analytics among the supply chain 
members with rational decision-making capability (Vasnani 
et al. 2019; Zhang and Hezarkhani 2020). The study’s con-
tributions are two-fold: (i) Modelling of interactive decision 
making in a symmetric DCSC considering asymmetric panic 
buying disruption (ii) Assessment of the impact of panic 
buying on the optimal decisions and optimal profit of the 
channel members belonging to a DCSC.

Related literature

The literature related to this study is primarily comprised 
of demand disruptions under the dual-channel supply 
chain framework. Based on our research problem, we have 
adopted a systematic approach for screening the most rel-
evant articles from the Scopus database. From Fig. 1, it can 
be observed that there were 1126 articles under the keyword 
‘Dual-channel supply chain’. We narrowed this list by using 
the keyword ‘Disruption’ and ‘Demand disruption’, result-
ing in 50 and 36 articles, respectively. Further, we screened 

Fig. 1   Systematic approach for 
literature review
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the 36 articles using the analysis methodology, i.e., ‘game-
theory’ leading to 15 articles. We have only reported those 
articles that are closest and most relevant to our research 
problem.

With the development of the internet, many customers 
got habituated to electronic shopping, which prompted many 
manufacturers to open a direct sales channel along with the 
traditional r-store (Chiang et al. 2003). After Chiang et al., 
(2003) there were many studies conducted to study the pric-
ing (Hua et al. 2011; Kurata et al. 2007), inventory policies 
(Takahashi et al. 2011; Yao et al. 2009), channel coordi-
nation (Chen et al. 2012; Saha 2016) in DCSC. Rofin and 
Mahanty, (2018) made a shift in the traditional DCSC stud-
ies by introducing an indirect online channel along with the 
traditional channel. They studied different combinations of 
dual-channel configurations viz. r-store–e-store; company 
store–e-store; and r-store–e-marketplace. In our study we 
are using the r-store–e-store configuration.

With the advent of globalisation, due to the dynamic 
nature of the market environment, disruptions (Dolgui 
and Ivanov 2021; Dubey et al. 2018; Govindan et al. 2020; 
Ivanov and Dolgui 2021; Lohmer et al. 2020; Queiroz et al. 
2020; Xu et al. 2021) were extensively prevalent in the sup-
ply chain. Most prominent were demand and production 
disruptions. Since panic buying triggers disruptions in the 
demand of a product, we are reporting the studies in the 
field of demand disruptions. Demand disruptions can occur 
due to many reasons and in numerous forms (Gupta et al. 
2021; Hosseini-Motlagh et al. 2020; Huang et al. 2013; Ma 
et al. 2021). For instance, when a channel faces a reputa-
tion crisis (Pi et al. 2019), the customers move to another 
channel. This occurs when there are multiple channels for 
customers to buy the product from. This causes asymmetric 
demand disruptions where one channel will face positive 
demand disruption and the other will face negative demand 
disruption. Similarly, during disasters like floods, earth-
quakes there can be symmetric disruption (Cao 2014; Huang 
et al. 2012; Rahmani and Yavari 2019; Tang et al. 2018; 

Pan Zhang et al. 2015) were, irrespective of channel all the 
partners face demand disruption. The historical progress and 
comparison of disruption studies are reported in Table 1.

Based on the analysis of existing studies, we found the 
following research gaps. (i) Even though many research-
ers have considered the disruption while studying DCSC, 
there is scant literature on asymmetric demand disruption, 
i.e., all the studies deemed a simultaneous disruption for 
the downstream channel partners. But during panic buying, 
this is not true, and the disruptions are uneven and asym-
metric. Such panic buying disruptions are not addressed and 
analysed in DCSC studies.(ii) The studies in the domain of 
DCSC model, a brick and mortar store and manufacturer 
owned online channel. But, nowadays, the manufacturer is 
also relying on online retailers (e-stores) to sell their prod-
ucts. The literature in this field is scant. (iii) In real market 
situations, there are channel power structures, i.e., there are 
downstream channel partners, who rise to the role of channel 
leader by brand image, sales volume, early entry etc. These 
channel power structures are not given weightage in DCSC 
studies with disruption. In our study, we try to address these 
research gaps.

The ensuing content of the paper is organised as fol-
lows. In segment 2, we propose the model assumptions and 
research method. Segment 3 deals with the equilibrium anal-
ysis, and segment 4 reports the comparative study of normal 
buying scenario and panic buying scenario. Furthermore, 
numerical analysis and simulation are presented in segment 
5, and segment 6 reports the discussions and managerial 
insights. The last chapter deals with conclusions.

Model assumptions and research method

Basic framework

The study is entirely analytical. We took the insights from 
empirical research and actual business environment to 

Table 1   Historical progress and comparison of game-theoretic studies in disruption in DCSC

Article Downstream channel partners Channel 
power struc-
ture

Disruption scenario Numerical 
analysis

Simulation

R-store Company store E-store Symmetric 
disruption

Asymmetric 
disruption

Huang et al. (2012) ✔ ✔ ✔
Cao (2014) ✔ ✔ ✔ ✔
Zhang et al., (2015) ✔ ✔ ✔
Soleimani et al. (2016) ✔ ✔ ✔ ✔
Yan et al. (2018) ✔ ✔ ✔ ✔
Tang et al. (2018) ✔ ✔ ✔ ✔
Rahmani and Yavari (2019) ✔ ✔ ✔ ✔
Current research ✔ ✔ ✔ ✔ ✔ ✔
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analytically model the panic buying scenario. For the study, 
we consider a DCSC (Rofin and Mahanty 2018; Wang and 
Li 2021; Zhang et al. 2021) where the manufacturer offers 
his product to the customer via r-store and the e-store (Rofin 
and Mahanty 2018, 2020), as shown in Fig. 2. We assume 
that the manufacturer is a monopolist and the channel leader 
(He et al. 2021; Wang et al. 2021). Hence, we used Stackel-
berg game to model the interaction between upstream manu-
facturer and downstream r-store and e-store.

Channel power

There are numerous studies that assumed equal channel 
power for the downstream channel members. However, it is 
highly unlikely that the channel members hold equal chan-
nel power (Huang et al. 2018, 2015; Rofin and Mahanty 
2021). In most markets, there are market leaders who can 
dictate the product’s price, making the followers set their 
respective prices after observing the price set by the chan-
nel leader. Channel leadership can be attributed to features 
such as sales volume, brand image and early entry (Rofin and 
Mahanty 2021). R-stores like Walmart, 7-Eleven, Aldi and 
e-stores like Amazon, Alibaba, e-bay are examples of firms 
enjoying channel leadership. Considering the channel power 
difference in the actual market conditions, we propose the 
following two models, (i) R-store leader (RL) model with 
r-store holding higher channel power and E-store leader (EL) 
model with e-store holding higher channel power. Therefore, 
the interaction among the downstream channel members is 
modelled using a Stackelberg game. Consequently, there 
are two Stackelberg games. The main game is between the 
manufacturer and the downstream r-store and e-store, and 
the sub game is between the r-store and the e-store.

Decision making process

The general structure is as follows. First, the manufacturer 
announces the wholesale price, w to the r-store and e-store. 
After observing the wholesale price, the leader of the sub 
game will fix the price, followed by the follower. After that 
sales and profit realisation. This decision flow is shown in 
Fig. 3.

Therefore, the decision variable of the manufacturer is w 
and the decision variable of the r-store and e-store is their 
prices ( pr and pe respectively).

Basic equations

We assume the following linear demand functions (Li et al. 
2019; Pi et al. 2019; Yang et al. 2020) for modelling.

where suffix r and e denote r-store and e-store, respectively, 
and a indicates the base market potential. The magnitude of 
ar and ae  is large compared with other parameters (Li et al. 
2016; Pi et al. 2019). �  and �  denotes the own price elastic-
ity and cross price sensitivity, respectively, and 𝜆 > 𝛾 (Ding 
et al. 2016; Huang et al. 2016).

The profit of the r-store and e-store can be derived using 
the following equation

Demand for the r-store, Dr = ar − �pr + �pe

Demand for the e-store, De = ae − �pe + � ,

Profit of the r-store, �r = (pr − w)Dr = (pr − w)(ar + �pe − �pr)

Profit of the e-store, �e =
(

pe − w
)

De = (pe − w)(ae − �pe + �pr)

Fig. 2   Dual-channel supply 
chain configuration under con-
sideration

Fig. 3   Actual decision flow
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Since the manufacturer is deriving his profit from the 
order quantities of the r-store and e-store, the profit of the 
manufacturer can be expressed as follows.

where s denotes the unit production cost and Qr,Qe are, 
respectively, the order quantities of r-stores and e-store.

Equilibrium analysis

In this section, the equilibrium analysis of both the ‘RL 
game’ and ‘EL game’ is presented based on two scenarios: 
the normal buying scenario (subscript 1) and the panic 
buying scenario (subscript 2).

Equilibrium analysis of normal buying scenario

We used the backward induction principle to solve the 
game and obtain the equilibrium conditions. The pseu-
docode of the entire Stackelberg game is shown below.

Pseudocode of r-store leader game Pseudocode of e-store leader game
Stackelberg game (R-store leader game) { 
return optimum values
}
If strictly concave ( e )  {

return ∗ arg max ( )

}
If strictly concave ( r )  {

return ∗ arg max ( | ∗)

}
For = ∗and = ∗ {

return ∗ and ∗

}
For = ∗, = ∗ , =

∗ and  = ∗ {
return 

}
If strictly concave ( m )  {

∗ arg max ( )

For = ∗

return ∗, ∗, ∗

}

Stackelberg game (E-store leader game) { 
return optimum values
}
If strictly concave ( r )  {

return ∗ arg max ( )

}
If strictly concave ( e )  {

return ∗ arg max ( | ∗)

}
For = ∗ and = ∗ {

return ∗ and ∗

}
For = ∗, = ∗ , =

∗ and  = ∗ {
return 

}
If strictly concave ( m )  {

∗ arg max ( )

For = ∗

return ∗, ∗, ∗

}

Profit of the Manufacturer,�m = (w − s)(Qr + Qe),

The optimal decisions obtained from the equilib-
rium analysis of RL game and EL game are presented in 
Table 2.

The expressions are simplified using the symbol � . 
Kindly refer to the Appendix for expansion.

Equilibrium analysis of panic buying disruption 
scenario

Even though there is no obvious indication of an imminent 
shortage in the near future, people tend to engage in panic 
buying during pandemics, wars and catastrophes (Barnes et al. 
2021). This usually happens for a narrow time gap (mostly 
24 h) (Austin 2020). Many studies empirically prove that 
the consumers prefer to have immediate gratification during 
panic buying (Hao et al. 2020; Mahajan et al. 2021; Yuen et al. 
2020). Consequently, customers choose r-stores for panic buy-
ing for the immediate possession of goods (Kulkarni 2020; 
Nakayama and Wan 2021). Due to the bottlenecks in the sup-
ply chain (Leung et al. 2018; Ramaekers et al. 2018), e-stores 
take time in most places to deliver the goods to the doorstep. 
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Thus, the uncertainty of future events makes the e-store an 
unviable option for panic buying. Consistent with this actual 
market environment, we assume that the panic buying disrup-
tion applies only to the r-store and not the e-store (Levinson 
and Melissa 2020; Meshram 2020).

The panic buying disruption is modelled as an increase in 
base market potential (Cao 2014; Kavian Rahmani and Yavari 
2019; Soleimani et al. 2016), i.e., the base market potential 
of the disrupted r-store will be (ar + Δar), , where Δar is the 
change in demand due to panic buying disruption. The optimal 
decisions derived from equilibrium analysis of RL game and 
EL game are shown in Table 3.

The expressions are simplified using the symbols �. Kindly 
refer to the Appendix for expansion.

Comparative study of normal buying 
scenario and panic buying disruption

In the prior section, we derived the optimal decisions for 
both RL and EL models under normal buying scenario 
and panic buying disruption. In this section, we compare 
the optimal decisions to derive the propositions. Here Δ 
represent change.

Proposition 1  The optimal decision of the manufacturer 
changed during panic buying disruption, and accordingly, 
the increase in wholesale price is quantified as

Proposition 1 suggests that during panic buying disrup-
tion, the manufacturer offers a higher wholesale price for 
both the r-store and e-store. Panic buying disruption created 
a positive demand disruption, which the manufacturer used 
to increase the wholesale price to maximise his profit. By 
comparing the pre disruption and panic buying period, we 
found that the change in wholesale price was directly pro-
portional to the degree of disruption, Δar . Most countries 
have rules against wholesale price discrimination (Rofin and 
Mahanty 2020, 2021). Consequently, the manufacturer will 
be forced to charge the same high wholesale price for both 
the downstream partners, which is evident from Proposi-
tion 1.

Proposition 2  The optimal decision of the downstream chan-
nel partners changed during panic buying disruption, and 
accordingly, we have the increase in optimal price as

(i) ΔWRL∗

m
=

Δar��1

−�4

(ii) ΔWEL∗

m
=

Δar�2

−2�4

Table 2   The optimal decisions of the RL and EL game under normal 
buying scenario

R-store leader (RL) game E-store leader (EL) game

PRL∗
r1

=
wRL
1
�1−�ae−2�ar

2�2−4�2
PEL∗
r1

=
wEL
1
�2−2��ae+(�

2−4�2)ar

4�2�−8�3

PRL∗
e1

=
wRL
1
�2+(�

2−4�2)ae−2��ar

4�2�−8�3
PEL∗
e1

=
wEL
1
�1−2�ae−�ar

2(�2−2�2)

QRL∗
r1

=
wRL
1
�5+�ae+2�ar

4�
QEL∗

r1
=

wEL
1
�3−2��ae+(�

2−4�2)ar

4(�2−2�2)

QRL∗
e1

=
wRL
1
�3+(�

2−4�2)ae−2��ar

4(�2−2�2)
QEL∗

e1
=

wEL
1
�5+2�ae+�ar

4�

wRL∗
1

=
s�4−�2ae−2��1ar

2�4
wEL∗
1

=
s�4−2��1ae−�2ar

2�4

�RL∗
r1

=
(wRL

1
�5+�ae+2�ar)

2

8�(2�2−�2)
�EL∗
r1

=
(wEL

1
�3−2��ae+(�

2−4�2)ar)
2

16�(�2−2�2)
2

�RL∗
e1

=
(wRL

1
�3+(�

2−4�2)ae−2��ar)
2

16�(�2−2�2)
2 �EL∗

e1
=

(wEL
1
�5+2�ae+�ar)

2

8�(2�2−�2)

�RL∗
m1

=
(s−wRL

1
)(wRL

1
�4+�2ae+2��1ar)

8�3−4�2�
�EL∗
m1

=
(s−wEL

1
)(wEL

1
�4+2��1ae+�2ar)

4�2�−8�3

Table 3   The optimal decisions 
of the RL and EL game under 
panic buying scenario

R-store leader (RL) game E-store leader (EL) game

PRL
r2

=
wRL
2
�1−2Δar�−�ae−2�ar

2(�2−2�2)
PEL
r2

=
wEL
2
�2+Δar�

2−4Δar�
2−2��ae+�

2ar−4�
2ar

4�2�−8�3

PRL
e2

=
wRL
2
�2−2Δar��+�

2ae−4�
2ae−2��ar

4�2�−8�3
PEL
e2

=
wEL
2
�1−Δar�−�ar−2�ae

2(�2−2�2)

QRL∗
r2

=
wRL
2
�5+2Δar�+�ae+2�ar

4�
QEL∗

r2
=

wEL
2
�3−2��ae+(�

2−4�2)ar+Δar�
2−4Δar�

2

4(�2−2�2)

QRL∗
e2

=
wRL
2
�3+(�

2−4�2)ae−2��ar−2Δar��

4(�2−2�2)
QEL∗

e2
=

Δar�+w
EL
2
�5+2�ae+�ar

4�

wRL
2

=
s�4−2Δarλ�1−�2ae−2��1ar

2�4
wEL∗
2

=
(s�4−Δar�2−2��1ae−�2ar)

(2�4)

�RL
r2

=
(wRL

2
�5+2Δar�+�ae+2�ar)

2

16�3−8�2�
�EL∗
r2

=
(wEL

2
�3−2��ae+(�

2−4�2)ar+Δar�
2−4Δar�

2)
2

16�(�2−2�2)
2

�RL
e2

=
(wRL

2
�3+(�

2−4�2)ae−2��ar−2Δar��)
2

16�(�2−2�2)
2 �EL∗

e2
=

(wEL
2
�5+2�ae+�ar+Δar�)

2

16�3−8�2�

�RL∗
m2

=
(s−wRL

2
)(wRL

2
�4+2Δar��1+�2ae+2��1ar)

4�2�−8�3
�EL∗
m2

=
(s−wEL

2
)(wEL

2
�4+Δar�2+2��1ae+�2ar)

8�3−4�2�
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Proposition 2 shows that the optimal price of both r-store 
and e-store increased during panic buying disruption irre-
spective of the leadership models. This period witnessed an 
increase in demand for the r-store, and the r-store responded 
to this sudden surge in demand by increasing its optimal 
price. As shown in Proposition 1, this period also witnessed 
an increase in the optimal wholesale price of the manufac-
turer. This also forced the r-store to increase the price. But 
to our surprise, the e-store also witnessed an increase in its 
price. This is mainly attributed to two reasons. The optimal 
wholesale price of the manufacturer increased during this 
period, which forced the e-store to raise its price. Adding 
to this, the increase in the price of the product in r-store 
created a cross price sensitivity effect in the e-store. This is 
evident in the mathematical model with the presence of � .

Proposition 3  The optimal order quantity of the downstream 
channel partners changed as follows

(i) ΔPRL∗

r
=

2Δar� + w1�1 − w2�1

4�2 − 2�2

(ii) ΔPEL∗

r
=

Δar(�
2 − 4�2) + w2�2 − w1�2

4�2� − 8�3

(iii) ΔPRL∗

e
=

2Δar�� + w1�2 − w2�2

8�3 − 4�2�

(iv) ΔPEL∗

e
=

Δar� + w1�1 − w2�1

4�2 − 2�2

Proposition 3 quantifies the increase or decrease in 
the optimal order quantity of the r-store and e-store dur-
ing panic buying disruption. It shows that the optimal 
order quantity of the r-store increased during both RL 
and EL models, whereas the optimal order quantity of 
the e-store increased only during RL model. This period 
witnessed an increase in demand for the r-store, and 
as a result, the optimal order quantity of the r-store 
increased irrespective of the channel leadership. The 
rise in price of the product (see Proposition 2) also 
couldn’t control this increase in optimal order quan-
tity. Consequently, we observe that the essential goods 
act like Veblen goods during panic buying disruption. 
By analysing the optimal order quantity of the e-store, 
we found that channel leadership plays a crucial role 
in order quantity. The second-mover advantage helped 
the e-store, and as a result, the optimal order quantity 
of the e-store increased during panic buying disruption 
in the RL model.

Proposition 4  The optimal profit of the downstream partners 
changed during panic buying disruption, and accordingly, 
we have

(i) ΔQRL∗

r
=

2Δar𝜆 − w1𝜃5 + w2𝜃5

4𝜆
∀
(

w2𝜃5 − w1𝜃5
)

> 2Δar𝜆

(ii) ΔQEL∗

r
=

Δar𝛾
2 − 4Δar𝜆

2 − w1𝜃3 + w2𝜃3

4𝛾2 − 8𝜆2
∀
(

w2𝜃3 − w1𝜃3
)

+ Δar𝛾
2 > 4Δar𝜆

2

(iii) ΔQRL∗

e
=

2Δar𝛾𝜆 + w1𝜃3 − w2𝜃3

8𝜆2 − 4𝛾2

(iv) ΔQEL∗

e
= −

[

w1𝜃5 − Δar𝛾 − w2𝜃5

4𝜆

]

∀
(

w1𝜃5 − w2𝜃5
)

> Δar𝛾

(i) Δ𝜋RL∗
r

=

(

2Δar𝜆 − w1𝜃5 + w2𝜃5
)(

2Δar𝜆 + 2𝛾ae + 4𝜆ar + w1𝜃5 + w2𝜃5
)

8𝜆
(

2𝜆2 − 𝛾2
)

∀2Δar𝜆 > 𝜃5
(

w2 − w1

)

&𝜃5
(

w2 + w1

)

< 2Δar𝜆 + 2𝛾ae + 4𝜆ar

(ii) Δ𝜋RL∗
e

=

((

𝛾2 − 4𝜆2
)

ar + w1𝜃3 − 2𝛾𝜆ae
)2

−
(

Δar𝛾
2 − 4Δar𝜆

2 − 2𝛾𝜆ae +
(

𝛾2 − 4𝜆2
)

ar + w2𝜃3
)2

−16𝜆
(

𝛾2 − 2𝜆2
)2

∀
(

Δar𝛾
2 − 4Δar𝜆

2 − 2𝛾𝜆ae +
(

𝛾2 − 4𝜆2
)

ar + w2𝜃3
)2

> ((𝛾2 − 4𝜆2)ar + w1𝜃3 − 2𝛾𝜆ae)
2

(iii) Δ𝜋EL∗
r

=

(

2Δar𝛾𝜆 − 2
(

𝛾2 − 4𝜆2
)

ae + 4𝛾𝜆ar − w1𝜃3 − w2𝜃3
)(

2Δar𝛾𝜆 + w1𝜃3 − w2𝜃3
)

16𝜆
(

𝛾2 − 2𝜆2
)2

∀ − 2
(

𝛾2 − 4𝜆2
)

ae − w1𝜃3 − w2𝜃3

> 2Δar𝛾𝜆 + 4𝛾𝜆ar&2Δar𝛾𝜆 + w1𝜃3 > w2𝜃3

(iv) Δ𝜋EL∗
e

= −

[
(

Δar𝛾 − w1𝜃5 + w2𝜃5
)(

Δar𝛾 + 4𝜆ae + 2𝛾ar + w1𝜃5 + w2𝜃5
)

8𝜆
(

2𝜆2 − 𝛾2
)

]

∀Δar𝛾 − w1𝜃5+ > w2𝜃5
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Proposition 4 implies that the optimal profit increased 
for the r-store irrespective of the channel power structure, 
increased for the e-store during the RL model, and decreased 
during the EL model. The panic buying disruption induced 
a positive demand disruption which increased the optimal 
wholesale price (see Proposition 1) and optimal price of 
the downstream channel partners (see Proposition 2). Along 
with this, the period witnessed an increase in the optimal 
order quantity of the r-store (irrespective of channel power) 
and e-store during RL model. This helped the r-store to enjoy 
a higher profit. Though the price of the product increased 
for the e-store under EL model, the optimal order quantity 
decreased. Consequently, the profit of the e-store decreased 
during EL model. Hence the panic buying period is benefi-
cial for the r-store irrespective of the channel power and the 
e-store under RL model.

Proposition 5  During panic buying, manufacturer’s optimal 
profit increased under both the channel power models, and 
we found that

Prposition 5 quantifies the increase in profit of the manu-
facturer during panic buying disruption. Manufacturer was 
the channel partner who could leverage maximum benefit 
from the panic buying disruption. Though the demand dis-
ruption was only for the r-store, there was no wholesale 
price discrimination. As a result, the wholesale price 
increased for both the downstream channel partners. In 
addition to this, increase in optimal order quantity for the 
r-store (irrespective of channel power structure), and e-store 
(during RL model) helped the manufacturer to increase his 
profit.

Numerical analysis and simulation

Analysis of the optimal price and optimal order 
quantity

This section analyses the impact of panic buying on the 
DCSC under different channel power structures numerically. 
Following the basic premise, 𝜆 > 𝛾;𝜆 and � are assumed to 

(i) Δ�RL∗
m

=
(s − w1)(2�ar�1 + ae�2 + w1�4) − (s − w2)(2Δar�

2� − 2Δar��
2 − 4Δar�

3 + 2�ar�1 + ae�2 + w2�4)

4�2� − 8�3

(ii) Δ�EL∗
m

=
(s − w1)(2�ae�1 + ar�2 + w�4) − (s − w2)(Δar�

3 + Δar�
2� − 2Δar��

2 − 4Δar�
3 + 2�ae�1 + ar�2 + w�4)

4�2� − 8�3

be 1.5 and 1.2, respectively. Further, s is assumed to be 5. 
We are considering a demand disruption (Δar) of 40% due 
to panic buying. The values for numerical analysis were 
selected based on the logical relationship among param-
eters, the assumptions underlying the linear demand func-
tion, and previous research (Rahmani and Yavari 2019; 
Rofin and Mahanty 2018). We experimented with multiple 
sets of numerical values and observed a consistent behav-
iour; hence, only a representative instance is reported. 
Owing to the significance of base demand, we have consid-
ered three cases as follows (i) ar = ae(ar = ae = 125) , (ii) 
ar < ae(ar = 100;ae = 150) , (iii) ar > ae(ar = 150;ae = 100). 
Following corollaries are derived based on the results 
obtained from the numerical example.

Corollary 1  Irrespective of base demand disparity of the 
r-store and e-store ( ar = ae or ar < ae or ar > ae ) the rela-
tionship among the optimal price of the r-store, the optimal 
price of the e-store, the optimal order quantity of the r-store 
and the optimal order quantity of the e-store is as follows

From Corollary 1, it can be observed that both the 
r-store and e-store charge highest price under panic buy-
ing and their respective channel leadership roles. However, 
the r-store places highest order quantity when the e-store is 
the leader under panic buying. Similarly, the e-store places 
highest order quantity when the r-store is the leader under 
panic buying. It can be inferred that the Law of demand 
does not hold during panic buying since both the r-store 
and e-store place the highest order quantity during panic 
buying period when their respective prices are higher com-
pared to their prices during normal buying scenario. In 
other words, the r-store and e-store can enjoy a higher 
margin during panic buying. Thus, even the essential 
goods act as Veblen goods during panic buying. Here, it 
is interesting to note that, though the r-store is facing panic 
buying the e-store also charges higher prices during the 

(i) PRL∗
r2

> PEL∗
r2

> PRL∗
r1

> PEL∗

r1

(ii) PEL∗
e2

> PRL∗
e2

> PEL∗
e1

> PRL∗
e1

(iii) QEL∗
r2

> QRL∗
r2

> QEL∗
r1

> QRL∗

r1

(iv) QRL∗
e2

> QRL∗
e1

> QEL∗
e2

> QEL∗

e1
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period. This can be explained by the same wholesale price 
charged by the manufacturer to both the r-store and e-store. 
When the r-store is facing panic buying disruption, it is 
optimal for the manufacturer to charge higher wholesale 
price for the r-store. But in order to avoid wholesale price 
discrimination the same wholesale price is charged for the 
e-store also. Subsequently, the increase in wholesale price 
forces the e-store to increase her price.

It is interesting to observe the counter-intuitive result of 
r-store placing higher order quantity under EL model and 
the e-store placing higher order quantity under RL model. 
This result indicates that, even during abnormal conditions 
like panic buying, the consumer price sensitivity is the 
determining factor of the channel member performance 
than the channel power. A conclusive statement regarding 
the performance of the channel members can only be made 
after ascertaining the profit of the channel members, which 
is reported in subsequent sections.

Analysis of the optimal profit of the channel 
partners

To obtain deeper insights and decisive evidence on the 
performance of channel partners, we have done Monte-
Carlo Simulation (Caiado et al. 2021; Liao et al. 2020; 
Silva et al. 2021) to model the probability of variation of 
profit due to the intervention of panic buying. Following 
the basic modelling premises, we assume that the disrup-
tion factor for the r-store, Δar ∼ N(40,100) during panic 
buying. Based on that we have derived the following corol-
laries on the profit function.

Corollary 2  The optimal profit of the r-store increased sig-
nificantly during panic buying disruption and accordingly 
we have 𝜋EL∗

r2
> 𝜋RL∗

r2
> 𝜋EL∗

r1
> 𝜋RL∗

r1

It is evident from Fig. 4 that the profit of the r-store 
increases during panic buying period irrespective of the 
channel leadership model under consideration. As expected, 
r-store obtains higher profit during panic buying. But con-
trary to the expectation, the profit of the r-store is higher 
under EL model. This can be attributed to the lower price 
charged by the r-store under EL model leading to higher 
sales volume.

Corollary 3  The optimal profit of the e-store varied signifi-
cantly during different scenarios and accordingly, we have 
𝜋RL∗
e2

> 𝜋RL∗
e1

> 𝜋EL∗
e2

> 𝜋EL∗
e1

The profit of the e-store considerably increased dur-
ing panic buying period as shown in Fig. 5. Contrary to 
the r-store, where panic buying played the crucial role; 
for e-store channel leadership played the significant role. 
Thus, from Fig. 5 it can be deduced that the RL model domi-
nates EL model with respect to the performance of e-store 
irrespective of the market condition (disruption or no dis-
ruption). This is corroborated by the higher optimal order 
quantity placed by the e-store under the RL model as seen 
in Corollary 1.

Corollary 4  Manufacturer obtained maximum profit dur-
ing panic buying disruption, and accordingly, we find that, 
𝜋EL∗
m2

> 𝜋RL∗
m2

> 𝜋EL∗
m1

= 𝜋RL∗
m1

Figure  6 shows that the profit of the manufacturer 
increases during panic buying disruption irrespective of 
channel power. But on close observation, we found that 

Fig. 4   Optimal profit of the r-store Fig. 5   Optimal profit of the e-store
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the optimal profit was slightly higher for EL model than RL 
model. This is mainly attributed to the fact that the channel 
partner, which was under panic buying disruption (retailer), 
experienced higher order quantity during EL model (see 
Corollary 1).

Discussions and managerial insights

This study provides important insights for managers in the 
domain of manufacturing and retailing. Specifically, the 
study proposes the optimal pricing strategies and optimal 
strategies for order quantity when the demand faced by the 
r-store and e-store is normal as well as when there is a panic 
buying disruption. Further, the study has also considered 
the impact of channel power in the pricing strategies and 
strategies related to optimal order quantity. Thus, this study 
is unique in capturing the interaction of channel power and 
degree of panic buying disruption in devising optimal strate-
gies for manufacturers, brick and mortar stores (r-stores) and 
e-stores (e-stores).

From this study, the following observations are made. It 
is optimal for the r-store and e-store to charge a higher price 
when they enjoy channel leadership irrespective of whether 
they face a normal demand or panic buying demand. Regard-
ing order quantity, it is optimal for the r-store to place higher 
order quantity when the e-store is the channel leader irre-
spective of whether they face a normal demand or panic 
buying demand, and it is optimal for the e-store to place 
higher order quantity when the r-store faces panic buying 
irrespective of the channel leadership. The pattern observed 
in the case of order quantity of the e-store is different from 
that of the r-store. Specifically, the e-store places higher 
order quantity when he faces normal demand when r-store 

is the channel leader than under panic buying scenario when 
e-store is the channel leader.

The above-mentioned observations do not convey 
whether the optimal pricing strategies and strategies related 
to optimal order quantities are beneficial or disadvantageous 
for the channel members. To understand the implications of 
pricing and order quantity strategies, we examined the profit 
of the channel members and found that the r-store obtains 
the highest profit when the e-store is the channel leader 
under panic buying, and e-store derives maximum profit 
when the r-store is the channel leader under panic buying. 
In other words, both r-store and e-store enjoy second-mover 
advantage. The manufacturer obtains the highest profit when 
the e-store is the channel leader under panic buying. Thus, 
panic buying is a desirable phenomenon for all the chan-
nel members including the e-store. These findings can act 
as the guidelines for managers in the retailing business on 
effective pricing strategies and strategies related to order 
quantity during the normal business environment and during 
rare occasions such as pandemics, war or natural disasters 
causing panic buying disruption.

It is interesting to notice the counter-intuitive results 
regarding the preference of overall supply chain configura-
tion. For instance, it is beneficial for the r-store to operate 
under a channel structure in which the e-store is the leader 
and vice versa. Nevertheless, since the overall channel lead-
ership is assigned to the manufacturer in this study, it is the 
discretion of the manufacturer to choose the channel struc-
ture. Since e-store channel leadership is what is advanta-
geous for the manufacturer, and it can be predicted that the 
manufacturer will prefer to constitute the channel structure 
in which the e-store holds higher channel power than the 
r-store. This deduction has managerial implications for the 
design of the supply chain configuration and shows the influ-
ence of channel power differences within a supply chain net-
work on the performance of channel members. The findings 
of the study can consider while developing decision support 
systems so that the DCSC can be robust during panic buying 
disruptions.

Conclusion

This study aimed to model and examine the impact of panic 
buying on the profit of r-store, e-store and manufacturer 
belonging to a dual-channel supply chain when the r-store 
and e-store are engaged in competition. Game-theoretic 
models were developed for two settings (i) r-store holds 
higher channel power (ii) e-store holds higher channel 
power. Equilibrium analysis was carried out on the game-
theoretic models assuming that the r-store faces normal 
demand pattern, and it faces panic buying disruption. Opti-
mal pricing strategies and optimal strategies related to order 

Fig. 6   Optimal profit of the manufacturer



93Pricing decisions during panic buying and its effect on a dual‑channel supply chain under…

quantities of the channel members were derived, and optimal 
profit of the channel members was obtained as the outcome 
of the equilibrium analysis of the game-theoretic models. 
Then we compared the decisions during normal demand and 
panic buying disruption to model and quantify the change. 
Further, a numerical example was employed to quantify the 
result and to obtain managerial insights. The study is unique 
in capturing the interacting effects of channel power, panic 
buying and dual-channel supply chain competition.

This study can be extended in several ways. The dynamics 
of the game-theoretic model under this study and the profit 
outcomes of the channel members are subjected to the major 
assumption that the positive demand disruption caused due 
to panic buying occurs to the r-store. It is worthwhile to 
investigate the impact of positive or negative demand disrup-
tion for the e-store. In this study, we have assumed that the 
supply is not constrained. The demand disruption models 
presented in the study is a good starting point to develop 
models that consider the supply constraints. Further, it was 
assumed that the manufacturer supplies the product to both 
the r-store and e-store at the same wholesale price. As a 
result of this, the e-store increases her price when there is 
a positive demand disruption for the r-store. Relaxing the 
assumption of equal wholesale price and investigating the 
effect of wholesale price discrimination may tell us a dif-
ferent story.

Appendix

For reducing the complexity of reporting, we used the fol-
lowing symbols to represent some equations.

Proof of Proposition 1

Proof of Proposition 2

�1 = �2 − �� − 2�2

�2 = �3 + �2� − 2��2 − 4�3

�3 = �3 − 3�2� − 2��2 + 4�3

�4 = �4 + 2�3� − 7�2�2 − 4��3 + 8�4

�5 = �2 + �� − 2�2

(1.i) 𝜃1 < 0, 𝜃4 > 0

(1.ii) 𝜃1 < 0, 𝜃4 > 0

(2.i) 4𝜆2 > 2𝛾2,w2 > w1, 𝜃1 < 0

(2.ii) 4𝛾2𝜆 < 8𝜆3,w2 > w1, 𝜃2 < 0, 𝛾2 < 4𝜆2

(2.iii) 4𝛾2𝜆 < 8𝜆3,w2 > w1, 𝜃2 < 0

(2.iv) 4𝜆2 > 2𝛾2,w2 > w1, 𝜃1 < 0

Proof of Proposition 3

Proof of Proposition 4

Proof of Proposition 5
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