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Summary

• Brynjolfsson, Collis, Diewert, Eggers and Fox (2020, AEA P&P) noted that business 

costs of producing advertising will in general not equal the consumer benefits of 

advertising.

• Business costs of advertising are motivated by profit maximization considerations in a 

monopolistic competition framework.

• They will not be proportionate to the benefits of (free) digital products for consumers 

except by coincidence.

• Hence, even when free goods are supported by advertising, advertising costs will not 

provide a meaningful estimate of the welfare gains from free goods. 
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Summary

• Advertising can cause consumers to discover new products – it can have beneficial 

welfare effects due to the expansion of the consumer’s effective consumption set. 

• Mainstream production theory does not recognize that potential purchasers of products 

may not be aware of the existence of products. 

• This means the traditional (price taking) competitive model of producer behavior is not 

completely accurate even if the industry technology is subject to constant returns to 

scale. 

• This has implications for the measurement of firm and industry productivity. 

• We develop the theory to show this. 
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Set Up

St: firm’s period t production possibilities set;

M outputs and N inputs;

Prices p and w and quantities y and x respectively.

The firm’s period t cost function:

ct(y,w)  min x {wx : (y,x)St}.

Firm faces the vector of inverse demand functions, p(y,Q) = dt(y,Q)  [d1
t(y,Q),..., dM

t(y,Q)] 

Q is a scalar measure of advertising or marketing effort. 
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Marketing Effort Done In House

Marketing effort: Q = Ft(X);

X is a K dimensional vector of marketing and advertising inputs;

W is the corresponding input price vector.

The period t cost of producing the marketing effort Q is given by Ct(Q,W):

Ct(Q,W)  min X {WX : Q = Ft(X)}.

The firm’s period t profit maximization problem is:

max y,Q,p {py − ct(y,wt) − Ct(Q,wt) : p = dt(y,Q)}

= max y,Q {dt(y,Q)y − ct(y,wt) − Ct(Q,Wt)}.    
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Marketing Effort Done In House

This is a monopolistic profit maximization problem.

The fact that consumers do not have knowledge of all products available (hence the
inverse demand functions p(y,Q) = dt(y,Q) depend on Q) means that the traditional price
taking competitive model of producer behaviour is not accurate.

This is true even if the industry technology is subject to constant returns to scale.

This impacts the measurement of firm and industry productivity.

[See:

Diewert and Fox (2008), On the Estimation of Returns to Scale, Technical Progress and Monopolistic Markups,” Journal of
Econometrics 145, 174–193

Diewert, W.E. and K.J. Fox (2010), “Malmquist and Törnqvist Productivity Indexes: Returns to Scale and Technical Progress with
Imperfect Competition”, Journal of Economics 101:1, 73-95]
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Marketing Effort Done In House

Assume first order differentiability of dt, ct and Ct with respect to Q and y.

First order conditions for yt and Qt to solve the firm’s profit maximizing problem,

t=1,…,T; m=1,…,M:

ym
t dm

t(yt,Qt)/ym + dm
t(yt,Qt) = ct(yt,wt)/ym

m=1 ym
t dm

t(yt,Qt)/Q = Ct(Qt,Wt)/Q. 

Assume that the observed y and Q satisfy these conditions, and that the demand
functions are not upward sloping:

dm
t(y,Q)/ym  0 
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Marketing Effort Done In House

Marginal costs : mcm
t  ct(yt,wt)/ym ;

Firm behaves as a price taker in input markets, with xt the cost minimizing vector of inputs
needed to produce output vector yt.

ct(yt,wt) = wtxt.

Shephard’s Lemma: xt = wct(yt,wt).

If constant returns to scale in the production of goods and services delivered to final
demand (i.e., we exclude marketing expenditures), then ct(y,w) is linearly homogeneous in
y:

ct(yt,wt) = m=1 ym
tct(yt,wt)/ym = m=1 ym

t mcm
t

8



Marketing Effort Done In House

Xt, the vector of inputs that solves the cost minimization problem defined by Ct(Qt,Wt):

Ct(Qt,Wt) = WtXt.

Shephard’s Lemma: Xt = WCt(Qt,Wt).

If the production of marketing and advertising effort is subject to constant returns to scale,
then the marketing cost function will satisfy:

Ct(Qt,Wt) = Qt Ct(1,Wt) = PtQt

where the marginal cost of marketing effort is defined as Pt  Ct(1,wt), which is the unit 
cost of marketing. 
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Marketing Effort Done In House

Markup of price over marginal cost for product m for period t: m
t  −ym

t dm
t(yt,Qt)/ym  0.

Then from the first order conditions, selling price is equal to its marginal cost plus a
nonnegative markup:

pm
t = mcm

t + m
t ;                                                                                       

Pure profits () are possible in the monopolistic profit maximization model:

t  m=1 pm
t ym

t − wtxt − WtXt

= m=1 pm
t ym

t − ct(yt,wt) − Ct(Qt,Wt)

= m=1 ym
t m

t − Ct(Qt,Wt).

For period t profits t to be 0, we would require that m=1 ym
t m

t = Ct(Q,Wt).
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Marketing Effort Done In House

Can reorganize second line of definition of t:

m=1 pm
t ym

t = ct(yt,wt) + Ct(Qt,Wt) + t. 

A decomposition of the value of output deliveries to final demand is equal to the sum of
two cost functions plus profits.

That is, a decomposition of output value into explanatory factors (assuming constant
returns to scale).
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Marketing Effort Done In House

Recall the first line of the definition of t on slide 10 and reorganise:

ptyt = wtxt + WtXt + t

A simple accounting decomposition of the value of output which does not require any 
assumptions; i.e., it follows from the definition of t. 

Tells us how to do traditional productivity analysis based on an output index divided by an 
input index: 

• The price and quantity vectors for outputs in period t are pt and yt; 

• The price and quantity vectors for regular inputs are wt and xt; 

• For marketing inputs they are Wt and Xt.
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Marketing Outsourced

If marketing is contracted out to another firm, then the situation is more complicated.

If marketing production is subject to constant returns to scale: PtQt = WtXt

The regular production sector now purchases marketing effort; the value added 

decomposition is:

ptyt − PtQt = wtxt + t

The practical problem with this approach is that it will be difficult to come up with an

unambiguous measure of marketing output, Qt.

Finding the “right” measure of marketing output may not matter that much in determining

economy wide productivity since consolidated productivity does not depend on the units

of measurement for marketing output.
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Analytical Analysis

We could work with decompositions of wtxt:

ct(yt,wt)/ct−1(yt−1,wt−1)

= [ct(yt,wt)/ct(yt−1,wt)][ct(yt−1,wt)/ct(yt−1,wt−1)][ct(yt−1,wt−1)/ct−1(yt−1,wt−1)] 

= [output quantity index][input price index][technical progress index].

ct(yt,wt)/ct−1(yt−1,wt−1)

= [ct−1(yt,wt−1)/ct−1(yt−1,wt−1)][ct−1(yt,wt)/ct−1(yt,wt−1)][ct(yt,wt)/ct−1(yt,wt)]   

= [output quantity index][input price index][technical progress index].

[See: Diewert, W.E. (2014), “Decompositions of Profitability Change using Cost Functions, Journal of Econometrics 183, 58-66.]

Similar decompositions could be constructed for Ct(Qt,Wt)/Ct−1(Qt−1,Wt−1).

For welfare purposes, we want a decomposition of ptyt/pt−1yt−1. This is more complicated
(and is work in progress).
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Wrapping up

• We have followed up the observation of Brynjolfsson, Collis, Diewert, Eggers and Fox 
(2020) to develop a theory of marketing and advertising that recognises the potential 
expansion of the consumer’s effective consumption set.

• Mainstream production theory does not recognize that potential purchasers of products 
may not be aware of the existence of products. 

• This means the traditional (price taking) competitive model of producer behavior is not 
completely accurate.

• This has implications for the measurement of firm and industry productivity.

• The treatment of advertising and marketing is a very difficult problem. From the 
perspective of production theory and productivity measurement, we may be limited to 
the cost function approach.
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