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ABSTRACT
The demand for weather-sensitive products, such as beverages, ice creams, or chocolate varies with changes in temperature. Yet, 
retailers lack a framework to adapt the marketing mix elements, such as price and advertising, in line with such changes. We 
provide a theoretical framework to fill this gap by developing an analytical model to derive the optimal marketing mix when 
product demand depends on temperature. The model prescribes how price and advertising for different demand characteristics 
should be set following a temperature change. Integrating the temperature element in the marketing mix offers an original profit-
enhancing strategy.
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I. Introduction

Shoppers are more likely to buy orange juice in sum-
mer and chocolate in winter, and their behavior
depends on the outdoor temperature (Agnew and
Palutikof 1999; Roslow, Li, and Nicholls 2000;
Mittal, Kamakura, and Govind 2004; Murray et al.
2010). Temperature belongs to seasonal factors,
which have been widely studied in sales models, for
instance Herrmann and Roeder (1998) for food pro-
ducts, Parker and Tavassoli (2000) for hedonic goods
such as alcohol and coffee and Bruyneel et al. (2005)
for hazardous games. Seasonal factors correspond to
an external factor, uncontrollable by the manager
(Ramanathan and Muyldermans 2010). In contrast,
several studies explore factors influencing demand
that are controllable by managers, especially for the
purpose of sales and supply-chain optimization.
These factors include promotional efforts (Cárdenas-
Barrón and Sana 2015), pricing, quality level, recycl-
ability rate of a product (Modak et al. 2018), lot size of
a channel, level of service (Roy, Sana, and Chaudhuri
2016 in a dual channel approach, both brick-and-
mortar and online); trade credit policy (Pal, Sana,
and Chaudhuri 2016). Among these controllable fac-
tors, the manager monitors the marketing mix, such
as price and advertising (Lam et al. 2001).Monitoring
price and advertising should, however, accommodate
outdoor temperatures to enhance profitability.

Despite the impact of temperature on profit, extant
normative marketing mix models disregard this fac-
tor. As such, a comprehensive framework of the
marketing mix adaptation to changes in temperature
is lacking. We bridge this gap by investigating how
the price and advertising policies of temperature-
sensitive products should optimally adjust to tem-
perature changes. Hence, a novelty of this work is to
integrate temperature changes as part of demand in
a firm decision model to optimize profit.

This article examines the pricing and advertising
policies of temperature-sensitive products, using
a theoretical perspective. We propose an analytical
framework of dynamic pricing and advertising to
prescribe marketing mix policies when temperature
plays a role on demand, accounting for different
demand conditions. This work thus builds on litera-
ture relating to sales models with weather influence
and normative models of marketing mix. It is in line
with literature relating to sales and supply-chain
management models combining different factors
that influence demand (Cárdenas-Barrón and Sana
2015; Roy, Sana, and Chaudhuri 2016; Modak et al.
2018) in which demand is uncertain by nature (Roy,
Sana, and Chaudhuri 2018). But this work does not
follow a market-based equilibrium approach with
a view to answer the question of coordination of
stakeholders or channel structure optimization
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between retailers, suppliers and third parties. This
work focuses on decisions taken by a unique actor
relating to its multiple controllable factors (price,
advertising) in relation to a non-controllable factor
(temperature).

Sales models have been widely studied with
respect to seasonal factors and weather conditions,
accounting for temperature (Kök and Fisher 2007),
in view of its influence on consumer behaviour
(Mittal, Kamakura, and Govind 2004; Murray et al.
2010). Parker and Tavassoli (2000) show how seaso-
nal factors affect the demand for food. In the same
vein, Bertrand, Brusset, and Fortin (2015) consider
the efficiency of managerial changes due to season-
ality. These changes include promotions, such as
conditional rebates related to weather (Cooper
et al. 1999; Ramanathan and Muyldermans 2010;
Gao, Demirag, and Chen 2012). The impact of tem-
perature on demand is widely acknowledged in sales
model literature. Yet, the issue of adapting price and
advertising to temperature remains unaddressed.

Marketing mix models have extensively examined
joint pricing and advertising policies since the semi-
nal article of Dorfman and Steiner (1954). Bagwell
(2007) provides an extensive survey of literature
including pricing and advertising strategies. More
recently, pricing and advertising have been further
examined in conjunction with other contexts and
elements(Chenavaz et al. 2011; Chenavaz and
Jasimuddin 2017; Den Boer 2015a,b). For instance,
Jørgensen, Kort, and Zaccour (2009) examine a sport
entertainment, Karray andMartn-Herrán (2009) dif-
ferentiate national and store brands, Chutani and
Sethi (2012) investigate a supply chain producing
a durable good, while El Ouardighi et al. (2016a)
look at costly dynamic pricing. Schlosser (2016) and
Schlosser (2017) introduce uncertainty in pricing and
advertising policies. Although scholars have investi-
gated pricing and advertising policies in a broader
context, they do not consider the interplay of the
marketing mix with temperature.

This article contributes to extant research on nor-
mative marketing mix models by integrating the tem-
perature element, recognized by sales modelling
literature as an essential driver of demand. The analy-
tical results show how retailers’ pricing and advertis-
ing of products with temperature-sensitive demand
should adapt to temperature variations under differ-
ent demand conditions. As such, our findings provide

a more comprehensive understanding of marketing
mix strategies when temperature influences demand.
A retailer ignoringweather implicationswould charge
and advertise inadequately. Consequently, he would
lose money by disregarding the profitable relation-
ships between the weather and the marketing mix.

II. General model formulation

Meteo conditions affect demand for weather-sensitive
products. In particular, higher temperatures enhance
cold drink sales, while lower temperatures boost cho-
colate bar sales (Agnew and Palutikof 1999; Roslow,
Li, and Nicholls 2000; Murray et al. 2010). However,
prior research does not reveal how the price and
advertising marketing mix should adapt to tempera-
ture, and weather price and advertising should
increase, decrease or hold constantwhen the tempera-
ture changes.

In terms of pricing, when the temperature rises,
the retailer could benefit from higher demand and
chargemore, augmenting themarkup. Alternatively,
he could charge less to enhance the demand even
more, generating higher sales. The trade-off between
markup and sales leads to an ambiguous price–tem-
perature relationship.

In terms of advertising, because temperature and
advertising enhance demand, the retailer may com-
pensate for lower temperature withmore advertising
to maintain sales and then reduce advertising when
the temperature rises. Conversely, when demand
increases following higher temperature, the retailer
may advertise even more to benefit from a synergy
phenomenon. However, the link between price and
advertising may further complicate the analysis.

An analytical modelling is, therefore, useful
to clarify the price-temperature and advertising-
temperature linkages, providing normative market-
ing mix strategies. We thus develop a model of
a retailer making price and advertising decisions,
taking into account the role of temperature.

Model development

Table 1 defines the notations used in the model
analysis.

A retailer sells a product over time t 2 ½0;1Þ.
The retailer decides the selling price pðtÞ 2 R

þ and
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the advertising expense aðtÞ 2 R
þ. Temperature1

wðtÞ 2 R may change over time and is given. The
demand function D : R2þ � R ! R

þ is twice con-
tinuously differentiable.

Demand D depends on price pðtÞ, advertising
aðtÞ and temperature wðtÞ.

D ¼ DðpðtÞ; aðtÞ;wðtÞÞ: (1)

Note that the variables pðtÞ and aðtÞ are control-
lable by the retailer, but not wðtÞ, which remains
uncontrollable. Where there is no confusion, we
omit the arguments from the functions. In addi-
tion, a subscript variable below a function notes
the derivative of that function with respect to that
variable. Define Dp, Da and Dw as the direct price
effect, direct advertising effect and direct tempera-
ture effect.

Demand decreases with price and increases
with advertising.

Dp < 0; Da > 0: (2)

A product is not sensitive to temperature if Dw ¼ 0,
and it is sensitive to temperature if Dw� 0. There are
two cases of temperature-sensitive products (Agnew
and Palutikof 1999; Roslow, Li, and Nicholls 2000;
Murray et al. 2010). Demand increases with higher
temperature for products such as fruit juice, ice cream,
deodorant, or canned tuna (Dw > 0). Conversely,
demand increases with lower temperature for pro-
ducts such as chocolate, pasta, coffee, butter or biscuit
(Dw < 0). Thus, since demand for products may
boost in hot or in cold seasons, we define

Hot product ) product for which Dw > 0;

(3a)

Cold product ) product for which Dw < 0:

(3b)

Define Dpw, Daw and Dpa as the cross price-
temperature effect, cross advertising-temperature
effect, and cross price-advertising effect. For
greater generality, the signs of the cross effects
remain unspecified. Eventually, the demand func-
tion (1) scarcely constrains how price, advertising,
and temperature affect demand.

The profit function π with values in R is twice
continuously differentiable. With the unit pro-
duction cost c � 0, the profit reads πðp; a; wÞ
¼ ðp� cÞDðp; a;wÞ � a. For simplicity, we nor-
malize c to zero. The profit writes

πðp; a; wÞ ¼ pDðp; a; wÞ � a: (4)

In this model, price p increases the markup but
decreases the demand; advertising a augments both
the demand and the fixed cost. Our advertising mod-
elling conforms to prior research (Jørgensen, Kort,
and Zaccour 2009; Karray and Martn-Herrán 2009;
Chenavaz et al. 2011; Chutani and Sethi 2012; El
Ouardighi et al. 2016a,b; Chenavaz and Jasimuddin
2017).

Model resolution

The retailer maximizes at each time t of the plan-
ning period ½0;1Þ the profit πðtÞ given in (4) by
setting the price pðtÞ and the advertising expense
aðtÞ, accounting for the discount rate r 2 R

þ and
the given temperature wðtÞ. Formally, the pro-
gram of the retailer writes

max
pðμÞ; aðμÞ 2Rþ;" μ2Rþ

ð1
0
e�rtπðtÞdt;

with wðtÞ given:

We search for an interior solution for price and
advertising, provided they exist. The necessary and
sufficient first- and second-order conditions for p
and a dictate2 for all t 2 ð0;1Þ:

Table 1. Notations.
t = time,
pðtÞ = unit price at time t (decision variable),
aðtÞ = advertising expense at time t (decision variable),
wðtÞ = temperature (weather) at time t (given variable),
D ðp; a; wÞ = demand,
π ðp; a; wÞ ¼ p D ðp; a; wÞ � a = profit,
fx = first-order derivative of f with respect to x,
fxy = second-order derivative of f with respect to x and y,
ex ¼ Dx

x
D

�� �� = elasticity of demand D with respect to x,
_x ¼ dx

dt = time derivative of the variable x,
gx ¼ _x

x = growth rate of the variable x.

1To avoid confusion with time noted t, we note temperature w, recalling that it approximates weather conditions.
2Because the control variables p and a are static in the sense that they do not affect a state variable, we must not solve the problem with the more complex
Pontryagin principle.
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πp ¼ 0 ) Dþ pDp ¼ 0 ) p ¼ � D
Dp

; (5a)

πa ¼ 0 ) pDa � 1 ¼ 0 ) p ¼ 1
Da

; (5b)

πpp < 0 ) Dp þ Dp þ pDpp < 0
) �2Dp � pDpp > 0; (5c)

πaa < 0 ) pDaa < 0 ) Daa < 0; (5d)

πppπaa � π2pa > 0 ) ð2Dp þ pDppÞpDaa

� ðDa þ pDpaÞ2 > 0: (5e)

Consider the two first-order conditions (5a)-(5b).
First, if D > 0, then p> 0, and the retailer never sells
at a loss. Indeed, Dp < 0 in (5a) and Da > 0 in (5b)
both lead to a strictly positive price p. Second, note
pMðaÞ the pricing level satisfying (5a). This price
maximizes the profit for any level of advertising.
Similarly, note aMðpÞ the advertising level conform-
ing to (5b). This advertising maximizes the profit for
any level of price. The profit reaches the maximum if
the retailer jointly sets the pricing and advertising
pair such that ðpM; aMÞ ¼ ðpMðaMÞ; aMðpMÞÞ. In the
following, we eliminate for simplicity theM notation.
All equations refer to the maximizing solution,
unless otherwise stated.

Let us explain the three second-order conditions
(5c)-(5e), which ensure the concavity of π with
respect to p and a. If (5c)-(5e) are not verified,
then unbounded solutions may appear. Recall that
π is linked to D by (4). Condition (5c) requires that
D is not ‘too’ convex with respect to p. Obviously,
this condition holds if D is concave in p. Condition
(5d) together with a positive price p> 0 imposes
concavity of D with respect to a, that is Daa< 0. In
other words, advertising must exhibit diminishing
returns, which is a classic assumption (see the survey
of Bagwell (2007)). Condition (5e) forces the con-
cavity of π in p and a jointly (and not only in each
variable separately). This condition is technical,
without direct interpretation.

Note the price elasticity of demand ep ¼ �Dp
p
D

and the advertising elasticity of demand ea ¼ Da
a
D .

The comparison of (5a) and (5b) yields the rule of
thumb of advertising

ea
ep

¼ a
pD

; (6)

best known as the condition of Dorfman and
Steiner (1954). This condition stipulates that the
ratio of demand elasticities with respect to adver-
tising and price ea

ep
equalizes the advertising inten-

sity, measured by the amount of advertising
relative to total revenues a

pD .
A static setup provides preliminary insights with

the condition of Dorfman and Steiner (1954).
Indeed, this condition informs the relationships
between the optimal values of price level and adver-
tising expense. However, it does not characterize the
conditions under which optimal price and advertis-
ing go up or down following a change in tempera-
ture. In other words, the static setup remains silent
about any causality.

To pursue the analysis, note that the condition of
Dorfman and Steiner (1954) must hold during the
entire planning period. For profit to bemaximal over
time, marginal revenue variations have to balance
marginal cost variations. Yet, variations in tempera-
ture–uncontrolled by the retailer–cause variations in
pricing and advertising–controlled by the retailer.
The causality in variations anchors the price-
temperature and advertising–temperature relation-
ships. The relationships between the dynamics of
price, advertising, and temperature appear explicitly
by differentiating the first-order conditions (5a) and
(5b) with respect to time. Consequently, a dynamic
setup, based on variations over time, can be used for
a causal analysis. For instance, the method has been
applied by Kalish (1983), Chenavaz (2017), and
Chenavaz and Jasimuddin (2017).

The time differentiation of (5a) and (5b) gives3

for all t 2 ð0;1Þ:

Dþ pDp ¼ 0 ) d
dt

ðDþ pDpÞ ¼ 0;

3Recall pðtÞ; aðtÞ;wðtÞ;DðpðtÞ; aðtÞ;wðtÞÞ, the dot notation _x ¼ dx
dt and the subscript notations fx ¼ @f

@x and fxy ¼ @2 f
@x@y . Then, the chain rule dictates

dD
dt ¼ Dp _pþ Da _aþ Dw _w, dDp

dt ¼ Dpp _pþ Dpa _aþ Dpw _w and dDa
dt ¼ Dap _pþ Daa _aþ Daw _w. Note that the demand D ¼ DðpðtÞ; aðtÞ;wðtÞÞ changes over time

t if and only if p; a, or w change over time.
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) Dp _pþ Da _aþ Dw _wþ _pDp

þ pðDpp _pþ Dpw _aþ Dpw _wÞ
¼ 0;

) _pð�2Dp � pDppÞ þ _að�Da � pDpaÞ
¼ _wðDw þ pDpwÞ; (7a)

pDa � 1 ) d
dt

ðpDa � 1Þ ¼ 0;

) _pDa þ pðDap _pþ Daa _aþ Daw _wÞ ¼ 0;

) _pð�Da � pDapÞ þ _að�pDaaÞ ¼ _wpDaw: (7b)

Assuming continuity of the second partial derivatives
of D, Schwarz’s theorem (also known as Young’s
theorem) applies; the symmetry of the second-
order partial derivatives dictates Dij ¼ Dji, for all
i; j ¼ p; a; w. Define

H2 ¼ ð2Dp þ pDppÞpDaa � ðDa þ pDpaÞ2: (8)

Note H2 > 0 because of the Hessian condition (5e).
Solving (7a) and (7a) with the rule of Cramer,

the dynamics of p and a are given by

_pH2 ¼ _w �pDaaðDw þ pDpwÞ þ pDawðDaÞ þ pDpa
� �

;

(9a)

_aH2 ¼ _w pDawð� 2Dp � pDppÞ þ ðDa þ pDpaÞ
�
ðDw þ pDpwÞ

�
;

(9b)

for all t > 0.
We apply the time elimination method pioneered

by Mulligan and Sala-I Martin (1991) and recently
applied by Chenavaz (2017). Assume the controllable
variables p and a to be once continuously differenti-
able functions p : R ! R

þ and a : R ! R
þ of the

uncontrollable variable w. Assuming _w�0, then _p
_w ¼

dp
dt
dw
dt
¼ dp

dw ¼ pw and _a
_w ¼ da

dt
dw
dt
¼ da

dw ¼ aw. Consequently,

(9a) and (9b) simplify to

Proposition 1. For a general demand function, the
impact of higher temperature on price and adver-
tising is ambiguous.

Proof. The sign of pw and aw is immediate with
(10a)-(10b).

Remark 1. Price and advertising do not necessarily
evolve in the same direction after a temperature
change.

Proof. Immediate with Proposition 1 and with
(10a)-(10b).

Proposition 1 informs that temperature exerts an
ambiguous influence on price and advertising.
Indeed, several effects play in opposite directions,
both for pricing and advertising. As regards price, in
line with intuition, the direct temperature effect Dw

favors a higher price for hot products (Dw > 0) and
a lower price for cold products (Dw < 0) (because �
pDaa > 0 from the second-order condition (5d)).
But the cross effects Dpw, Daw, and Dpa may play in
opposite directions. As regards advertising, there is
no guarantee that the direct temperature effect Dw

increases advertising for hot products and decreases
advertising for cold products. Indeed, the sign of
Da þ pDpa must not be positive because the sign of
Dpa is unknown. Further, the cross effects also exert
opposing influences, complicating the analysis. The
total effect of temperature on price and advertising
remains unknown.

pw H2|{z}
þ

¼ � pDaa|ffl{zffl}
�

ð Dw|{z}
�

þ pDpw|ffl{zffl}
�

Þ

þ pDaw|ffl{zffl}
�

ð Da|{z}
þ

þ pDpa|ffl{zffl}
�

Þ; (10a)

aw H2|{z}
þ

¼ pDaw|ffl{zffl}
�

ð�2Dp � pDpp|fflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflffl}
þ

Þ

þ ð Da|{z}
þ

þ pDpa|ffl{zffl}
�

Þð Dw|{z}
�

þ pDpw|ffl{zffl}
�

Þ:

(10b)

The managerial implications are as follows. With
a general demand function, the retailer cannot apply
a simple rule of thumb to adapt the marketing mix to
changes in temperature. Proposition 1 shows that the
intuition, according to which price and advertising
evolve (1) in the same direction as temperature for
hot products and (2) in the opposite direction for cold
products, is misleading. The retailer has to base the
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pricing and advertising strategies according to the
relative strength of the positive and negative effects
on demand. For hot products, if the positive effects
outweigh the negative effects, then price and advertis-
ing increase with temperature. In this case, when the
temperature increases, the retailer maximizes profit
by charging and advertising more. Conversely, if the
negative effects overcome the positive effects, then
price and advertising decrease with temperature for
hot products. In this situation, after an increase in
temperature, the retailer is better off charging and
advertising less. The opposite conclusions apply for
cold products.

III. Parametric examples of demand function

Proposition 1 is robust as it holds for a general
demand formulation (1). It provides useful insight
with respect to the pricing and advertising policies
in response to temperature changes. Specifically, it
informs how policies based on intuition may mis-
lead the retailer. Specifying the demand function
yields stronger, although less general, results. That
is, we trade-off strength for the generality of results.
In the following, we first study the Cobb–Douglas
(or log-linear) demand function and then the price-
linear demand function.

Cobb–Douglas demand function

The Cobb–Douglas demand function represents
a simple and natural way to model the relationship
between price, advertising, and temperature. Of
theoretical interest is that the Cobb–Douglas pos-
sesses good analytic properties (Chenavaz 2012),
while of practical interest is that it explains the
data well (Bayus 1995).

Consider the Cobb–Douglas demand function

D ¼ kp�epaeawew ;

with k; ep; ea > 0, ew > 0 for a hot product and
ew < 0 for a cold product. This Cobb–Douglas func-
tion represents a parametric example of (1), in line
with assumptions (2), (3a) and (3b). The derivatives
of the Cobb–Douglas function write Dp ¼ �ep D

p ;

Da ¼ ea D
a ; Dw ¼ ew D

w ; Dpp ¼ epðep þ 1Þ D
p2 ; Daa

¼ eaðea � 1Þ D
a2 ; Dpa ¼ �epew D

pw ; Dpw ¼ �epew
D
pw ;Daw ¼ �eaew D

aw . Note that assumption (2)

(Da > 0) and the second-order condition (5d)
(Daa < 0) together dictate 0 < ea < 1, in line
with empirical estimations (Bagwell 2007).

Substitute the derivatives in (10a), (10b) and in
(8). Reordering the result yields:

pw H2|{z}
þ

¼ pD2

a2w
ea|fflffl{zfflffl}

þ

ew|{z}
�

ð1� epÞ|fflfflfflffl{zfflfflfflffl}
�

; (11a)

aw H2|{z}
þ

¼ D2

aw
ea|ffl{zffl}

þ

ew|{z}
�

ð1� epÞ|fflfflfflffl{zfflfflfflffl}
�

; (11b)

with H2 ¼ D2

a2 eað1� epÞðep � eaÞ> 0.

Proposition 2. For a Cobb-Douglas demand func-
tion, the impact of higher temperature on price and
advertising depends on the price elasticity of
demand and type (hot or cold) of product.

Proof. The sign of pw and aw is immediate with
(11a) and (11b).

Proposition 2 states that if the price elasticity of
demand is unitary (ep ¼ 1) or if it equals the
advertising elasticity of demand (ep ¼ ea), then
the price- and advertising-temperature relation-
ships are unknown (because H2 ¼ 0). This propo-
sition points to the importance of the price
elasticity of demand and to the type of product
(hot or cold), which influences the impact of tem-
perature on price and advertising. The distinction
between hot and cold products informs that

Corollary 1. For a hot product (Dw > 0), the impact
of higher temperature on price and advertising is
positive if the demand is inelastic to price (ep < 1),
and negative if the demand is elastic to price (ep > 1).

Proof. The sign of pw and aw is immediate with
(11a) and (11b).

Corollary 2. For a cold product (Dw < 0), the impact
of higher temperature on price and advertising is
negative if the demand is inelastic to price (ep < 1),
and positive if the demand is elastic to price (ep > 1).

(12a) Proof. The sign of pw and aw is immediate
with (11a) and (11b).
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The analytical properties of the Cobb-Douglas
demand function allow obtaining additional results.
Substituting H2 ¼ D2

a2 eað1 � epÞðep � eaÞ in (9a)
and (9b) provides

_p ¼ _w
ew

ep � ea

p
w
;

_a ¼ _w
ew

ep � ea

a
w
:

Remark 2. Price and advertising evolve in the same
direction after a temperature change.

(13) Proof. Immediate with Corollaries 1 and 2
and with (12a)-(12b).

With the growth rate of advertising ga ¼ _a
a and

rearranging (12a)-(12b), we obtain

gp ¼ ga ¼ ew
ep � ea

gw:

The price growth rate equals the advertising growth
rate, which is proportional to the temperature growth
rate. In addition, for a hot product (Dw > 0), the
growth rate of price and advertising increases with
ew and ea and decreases with ep. Conversely, for a cold
product (Dw < 0), the growth rate of price and adver-
tising decreases with ew and ea and increases with ep.

Example 1Consider a hot product like a soda (Dw > 0)
with the demand estimation D ¼ p�0:5a0:1w0:2.
Because the demand is price inelastic (ep ¼ 0:5< 1),
Corollary 1 informs that price and advertising increase
with temperature. In addition, the growth rates verify
gp ¼ ga ¼ 0:2

0:5�0:1 gw ¼ 0:5gw (substitute the coeffi-
cients of the demand function in (13)). That is, if the
temperature increases by 10% (gw ¼ 10), then price
and advertising increase by 5% (=0.5*10). Note that
with a Cobb–Douglas demand function, the numerical
results are given in percentage points (as opposed to
units).

Price-linear demand function

The linear demand function provides the simplest
modelling of the relationship between price,

advertising, and temperature. Due to tractability,
the linear demand function is widely used. Of
additional interest is that it yields clear-cut results
(see the survey of Bagwell 2007).

Consider the price-linear demand function4 D ¼
k0 � kppþ kalnðaÞ þ kww with k0; kp; ka > 0, kw > 0
for a hot product and kw < 0 for a cold product.
This function is a parametric instance of (1), in line
with assumptions (2), (3a) and (3b). The derivatives
of the demand function write Dp ¼ �kp;Da

¼ ka
a ;Dw ¼ kw;Dpp ¼ 0;Daa ¼ � ka

a2 . Note that
with this demand function, all the indirect effects
disappear (Dpw ¼ Dpa ¼ Daw ¼ 0), a property that
simplifies the analysis.

Substitute the derivatives in (10a), (10b) and in
(8). Reordering the result yields:

pw H2|{z}
þ

¼ _w
p
a2

ka|ffl{zffl}
þ

kw|{z}
�

; (14a)

aw H2|{z}
þ

¼ _w
1
a
ka|{z}
þ

kw|{z}
�

; (14b)

with H2 ¼ 1
a2 kað2pkp � kaÞ > 0.

Proposition 3. For a price-linear demand function,
the impact of higher temperature on price and adver-
tising depends on the type (hot or cold) of product.

Proof. The sign of pw and aw is immediate with
(14a) and (14b).

Proposition 3 reveals that the price and advertis-
ing sensitivity of demand are such that 2pkp ¼ ka,
then the price- and advertising-temperature rela-
tionships are unknown (because H2 ¼ 0). H2 > 0 is
equivalent to p> ka

2kp
. The relative impact of price

and advertising on demand is thus of importance,
and we assume that kp is relatively ‘larger’ than ka.
Note that the market power for the product plays
no role here. Distinguishing hot and cold products
yields two corollaries.

Corollary 3. For a hot product (Dw > 0), the impact of
higher temperature on price and advertising is positive.

4More precisely, the demand function is price- and temperature-linear. Because of the second-order condition (5d), the function cannot also be assumed
linear in advertising. It has to be concave in advertising, which is verified with the natural logarithm function ln.
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Proof. The sign of pw and aw is immediate with
(14a) and (14b).

Corollary 4. For a cold product (Dw < 0), the
impact of higher temperature on price and adver-
tising is negative.

(15a) Proof. The sign of pw and aw is immediate
with (14a) and (14b).

The analytical properties of the price-linear
demand function enable obtaining additional
results. Substituting H2 ¼ 1

a2 kað2pkp � kaÞ in (9a)
and (9b) provides

_p ¼ _w
kw

ð2pkp � kaÞ p;

_a ¼ _w
kw

ð2pkp � kaÞ a:

Remark 3. Price and advertising evolve in the same
direction after a temperature change.

(16) Proof. Immediate with Corollaries 3 and 4
and with (15a)-(15b).

Rearranging (15a)-(15b) gives _p ¼ p
a _a. We

conclude

gp ¼ ga ¼ kw
ð2pkp � kaÞ _w;

and the price growth rate equals the advertising
growth rate. Yet, no linear links exist between these
growth rates and the temperature growth rate.

Example 2. Consider a cold product like a soup
(Dw < 0) with the demand estimation D ¼ 20�
pþ 2lnðaÞ � 2w; assume a profit maximizing price
set by the retailer pM ¼ 11. Corollary 4 reveals that
price and advertising decrease with temperature. Plus,
the growth rates verify gp ¼ ga ¼ �2

2�11�1�2 _w ¼
�0:1 _w (substitute the coefficients of the demand func-
tion in (16)). That is, if the temperature increases by
10 units (say °Fahrenheit) over time ( _w ¼ 10), then
price and advertising decrease by 0.1*10 =1 units (say
USD). Note that with a price-linear demand function,
the numerical results are expressed in temperature
and monetary units (as opposed to percentages).

IV. Discussion and conclusion

We study how temperature affects the marketing
mix of weather-sensitive products. More precisely,
after a temperature change, we aim to guide retai-
lers on what they should do regarding the pricing
and advertising for different classes of demand
function. We provide prescriptive rules based on
temperature conditions and hence informing profit
maximizing retailers. By focusing on the influence
of temperature, this article offers a more compre-
hensive understanding of the marketing mix for
weather-sensitive products. Retailers would gain
from adapting their pricing and advertising policies
to external conditions, and thereby develop profit-
able opportunities.

Managerial implications

A main insight from this research is that the retailer
cannot apply a one-fits-all rule of thumb. Indeed,
the managerial implications of temperature changes
depend on the market–demand and supply–char-
acteristics. More specifically, the functional struc-
ture of demand, the market power of the supplier,
and the type of good (hot or cold) exert influence
on the marketing mix. Figure 1 presents a decision
support system summarizing the prescriptive
results for different classes of demand functions.
The managerial implications are as follows.

● General demand function: Price and advertis-
ing may increase or decrease with temperature
for hot and cold products. Contrary to intui-
tion, Proposition 1 claims that the total effect
of temperature on price and advertising is
unknown (even its sign) due to opposing
direct and indirect effects on demand. The
total effect of temperature on price and adver-
tising depends on specific market conditions
and type of product. For a hot product, if the
positive effects on demand exceed the negative
effects on demand, then price and advertising
increase with temperature. Otherwise, if the
positive effects fall below the negative effects,
then price and advertising decrease with tem-
perature. Counterintuitively, a possibility exists
that price and advertising decrease if the tem-
perature rises and boosts demand. The
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opposite rules apply for a cold product. Note
that the positive and negative effects are not
necessarily the same for price and advertising.
Consequently, Remark 1 points out that price
and advertising must not change in the same
direction. In a nutshell, the retailer must pre-
cisely estimate the demand function in order
to compute the different effects associated with
(10a)-(10b). Such estimation supports a sound
profit-maximizing marketing mix.

● Cobb–Douglas demand function: The results
are stronger than with the general demand
function. Proposition 2 shows that the retai-
ler’s market power now plays an explicit role.
The retailer enjoys higher market power when
demand is less price sensitive (ep < 1) and
lower market power when demand is more
price sensitive (ep > 1). In practice, market
power is greater with a national-branded pro-
duct than with a store-branded product. For
a hot product (Corollary 1), price and adver-
tising increase with temperature only if the
retailer has market power. Otherwise, if the
retailer has no market power, then price and
advertising decrease with temperature. The

opposite conclusions apply for a cold product
(Corollary 2). Remark 2 notes that price and
advertising have to change in the same direc-
tion, simplifying the marketing mix.

● Price-linear demand function: The results are
stronger than with the Cobb–Douglas function,
and in line with intuition. Proposition 3 shows
that pricing and advertising strategies now
depend only on product type. For a hot pro-
duct, price and advertising increase with tem-
perature (Corollary 3). On the contrary, for
a cold product, price and advertising decrease
with temperature (Corollary 4). Remark 3 also
notes that when price and advertising evolve,
they do so in the same direction. As the results
conformwith intuition, they are simple to apply
for the retailer.

The three classes of demand functions have different
managerial implications. The simpler the demand
function (by decreasing the order of simplicity: price-
linear, Cobb-Douglas, and general), themore intuitive
and the easier the marketing mix. Therefore, the
retailer must estimate the demand functions to
know which rule to apply for profit maximization.

Hot

Cold

General 

Demand

Cobb-Douglas  

Demand

Linear

Demand

x

Price?

Ad?

Demand Conditions Managerial Decisions Managerial Results

Hot

Cold

Profit

x

↘ Price

↘ Ad

x

↗ Price

↗ Ad

x

↗ Price

↗ Ad

x

↘ Price

↘ Ad

x

Price?

Ad?

Low

High

Low

x

↗ Price

↗ Ad

x

↘ Price

↘ Ad

Hot

Cold

↗ °F

↗ °F

↗ °F

Start/End Uncontrollable Variable Controlable Variable

↗ °F

Temperature

High

Product

Product

Product

Market

Power

Market

Power

Alternative Choice

↗ °F

↗ °F

↗ °F

↗ °F

Figure 1. Decision support system: adapting price and advertisement to temperature.
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Future research

The future research guidelines are the following.
Further business opportunities call for future
research on the optimal relationships between con-
trollable variables (such as price, advertising, quality,
or distribution channel) and uncontrollable variables
(such as temperature, weather, seasonality, or busi-
ness cycles). That is, the model could be enriched by
integratingmore variables of the marketing-mix and
of external factors. Also, we restricted our analysis to
the monopoly case, which represents an integrated
channel. Competition among firms and the interplay
between a manufacturer and a retailer by the use of
differential games would make the analysis more
realistic. Eventually, empirical research should test
the different kinds of demand function and docu-
ment the different effects at play, validating theman-
agerial implications.
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