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Abstract 

The beer market in Germany may be described as a monopolistic competition with many 

breweries supplying a very large variety of different beer styles and brands. Advertising is one 

means of differentiating a product and increasing prices over marginal costs. Based on 

production data obtained from a sample of 197 German breweries and thirteen years of 

observation, we derive firm-specific markups, profit ratios and prices in each year and relate 

those to their advertising expenditures and firm size. We are able to show that advertising 

expenditures are positively correlated to a brewery’s markup, profit ratio and price while firm 

size is negatively correlated. 
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1 Introduction 
 

German breweries invest heavily in promoting their beer. While domestic consumption has 

steadily decreased from a peak of 114.4 million hectoliters (hl) in 1992 to 83.6 million hl in 

2017, advertising expenditures have been relatively stable over the last two decades, 

fluctuating around a mean of 375 million euro and peaking at 416 million euros in 2017 

(Deutscher Brauerbund E.V. 2018; Statista 2019). Given an output of approximately 93 

million hl and revenues of 7.843 billion euros, German breweries invested, on average, more 

than 4 euros per hl, or more than 5% of their revenues on advertising in 2017 (Deutscher 

Brauerbund E.V. 2018). Moreover, the German beer industry spends more on marketing 

campaigns than double the sum spent by all producers of other alcoholic beverages (Statista, 

2019). After sweets and milk, the brewing industry has the third-highest marketing 

expenditures, and accounts for 12% of all marketing expenditures in the food and beverages 

sector (Zühlsdorf and Spiller, 2012). 

The theoretical literature addressing the economics of advertising is dominated by two 

conflicting views. Advertising is seen as either being informative or persuasive.1 Early 

contributions on this topic go back to Marshall (1919) and Chamberlin (1933); both assert that 

advertising can convey important information to the consumer and can increase demand but 

can also be a way to redistribute market shares towards the advertising firm. The second 

observation is the basis for the persuasive view, which is rooted in Chamberlin’s (1933) 

theory of monopolistic competition and product differentiation. Advertising alters consumer 

preferences and leads to perceived product differentiation and brand loyalty. Brand loyalty 

may also create barriers of entry and higher market concentration (Bain, 1949). Through 

advertising, demand for a firm’s product becomes more inelastic and its price increases. 

Hence, the persuasive view suggests that advertising can have important anti-competitive 

effects (Bagwell, 2007).  



The informative view is largely associated with the Chicago school of economics. The 

basic contention of this view is that advertising directly or indirectly provides consumers with 

useful information about the existence, prices and characteristics of products. For example, in 

the Stigler model (1961), price dispersion is the result of high costs to consumers of obtaining 

information in regard to the existence, location and prices of products. Advertising directly 

conveys such information to consumers, thereby lowering search costs and price dispersion. 

Nelson (1970, 1974) develop a theoretical framework in which the indirect information 

contained in advertising is important, especially in the case of experience goods. By its 

willingness to spend on advertising, a firm signals efficiency (low cost) or high quality of 

their products to consumers. Hence, the informative view suggests advertising helps to 

overcome market imperfections through information and leads to a more elastic demand. This 

suggests that advertising can have important pro-competitive effects (Bagwell, 2007). 

In this light, the aim of this paper is to evaluate whether advertising adds to a firm’s 

markup, profit ratio and price in the German brewing industry. More specifically, we test 

whether, on average, a firm’s markup, profit ratio and price are correlated to its advertising 

intensity, which is captured by the ratio of a brewery’s marketing expenses to output. While a 

firm specific price index can be directly derived from our dataset, we recover firms’ markups 

and profit ratios using production data. This approach enables the collection of firm 

performance measures without needing detailed demand data. Relying on firms’ cost 

minimization behavior and the insight that factor output elasticities equal factor expenditures, 

we then estimate firm level markups (price over marginal costs) using an approach developed 

by De Loecker and Warzynski (2012) (henceforth DLW), who extended previous work by 

Hall (1988). Any firm’s profit ratio (price over average costs) is derived based on the markup 

and a firm’s returns to scale (Crépon et al., 2005). To recover output elasticities and returns to 

scale, we estimate the production function using the framework developed by Wooldridge 

(2009), and Levinsohn and Petrin (2003) (henceforth WDG), and the method proposed by 



Ackerberg et al. (2015) (henceforth ACF). These semiparametric procedures respond to the 

endogeneity problem between unobserved firm productivity and input levels by imposing a 

structure on the production process that allows using the lag values of input factors as 

instruments. In contrast to the widely used value-added specification, we rely on a gross 

output production function to enable us to recover the output elasticity of the most flexible 

input factor material. This is important for recovering unbiased markups and profit ratios. 

Additionally, we use a translog functional form to model the production process of firms in a 

flexible manner, thus diverging from the majority of applications using the standard Cobb-

Douglas form. The WDG framework in particular has not been used to the best of our 

knowledge to estimate a translog production function specified as gross output. Subsequently, 

we regress calculated markups, profit ratios and prices on advertising intensity, while 

controlling for other important firm characteristics. 

Most of the literature studies the impact of advertising on the beer market (and other 

alcoholic beverages) on an aggregated level. In particular, these studies examine the influence 

of advertising on aggregated beer demand. Most of these studies find little evidence that 

advertising boosts beer consumption. This is confirmed by authors such as Lee and Tremblay 

(1992), Nelson and Moran (1995), Nelson (1999), Wilcox and Gangadharbatla (2006) and 

Wilcox et al. for the U.S. beer (alcoholic beverages) market. Calfee and Scheraga (1994) find 

similar results in their literature review and study for several European countries. Nelson and 

Moran’s (1995) statements are representative of this literature when they conclude “that 

advertising does not affect total consumption”, therefore “alcohol beverage advertising serves 

to reallocate brand sales”. However, “there may be welfare effects of advertising associated 

with market power and industry structure”. Using more disaggregated brand-level data, 

Heimonen and Uusitalo (2009) find a low overall impact of advertising expenses on the 

market shares of beer brands, while controlling for prices in the Finnish beer market. We add 

to this literature by directly relating a firm’s advertising efforts to its markups, profit ratios 



and prices. Instead of the widely used demand-side approach, we estimate markups using 

production data.  

The remainder of this article is organized as follows. Section 2 provides a short 

overview of the German brewing industry. Section 3 presents the framework for determining 

to recover markups and profit ratios, and Section 4 provides the empirical model. Our dataset 

is described in Section 5, and the results are presented in Section 6. We discuss our findings in 

the concluding section. 

 

2 Industry background 
 
Beer is deeply rooted in German culture. With 93,013 million hl in annual production, 

Germany is the fifth-largest beer-producing nation in the world, topped only by China, the 

USA, Brazil and Mexico. At the same time, with approximately 100 liters of per capita 

consumption, Germans are third in beer consumption after the Czechs and Austrians (Kirin 

Holdings Company, 2018). Nevertheless, beer production declined by 23%, from 

approximately 120 million hl in 1991 to 93 million hl in 2017. Just as in other beer-drinking 

countries such as Belgium, the UK or the USA, per capita beer consumption also decreased 

substantially in Germany over the last 30 years. Between 1976 (when per capita beer 

consumption reached a peak of 150 liters per year) and 2017, the average German’s beer 

consumption dropped by almost 50% (Deutscher Brauerbund E.V., 2012, 2018). Due to the 

high transportation costs for bulky beer bottles and kegs, exports and imports are typically 

only a small fraction of production (Adams, 2006). This also applies to the German beer 

market, where beer consumption closely followed production volumes between 1990 and 

2015. Although net exports increased by approximately 4.1 million hl between 1995 and 

2017, this was not enough to compensate for the decrease in domestic demand.  

Unlike most other countries, Germany’s beer market is still characterized by a relatively 

low market concentration. While the top five brewing groups (AB-InBev, Heineken, China 



Resources Snow Breweries, Carlsberg, Molson-Coors Brewing) account for 60% of global 

beer production (Barth-Haas Group, 2018), only two of the five worldwide market leaders  

rank among Germany’s top ten breweries (AB-InBev is second and Carlsberg is tenth), 

accounting for less than 10% of German beer production (Stern, 2018). In fact, in the last two 

decades, the number of breweries has slightly increased from 1,282 in 1995 to 1,408 in 2016, 

although the number of firms increased only within the group of very small breweries (less 

than 5,000 hl in annual production) (Deutscher Brauerbund E.V., 2017). Although the number 

of breweries is still high, there has been some evidence of collusive behavior. The German 

federal cartel office (Bundeskartellamt) imposed fines for price-fixing agreements between 11 

breweries that occurred in 2006 and 2008, and for vertical price-fixing agreements between 

food retailers and AB-Inbev in 2006 and 2009 (Bundeskartellamt, 2014, 2016). Moreover, 

German breweries are permitted to integrate vertically, allowing them to tie pubs, restaurants 

and cafés to their products by providing them with equipment or financial credit (Brouwer, 

2013).  

It has been argued that Germans greatly prefer “local” beer (Scherer et al. 1975; Adams, 

2006). Different beer styles corresponding to certain German regions have emerged over time. 

Accordingly, German consumers are highly loyal towards regional beer brands (Empen et al., 

2012). In addition to preferences concerning style and origin, consumers have a high degree 

of brand awareness, which is reflected in the large price differences in beers from different 

breweries (Loy and Glauben, 2015). This is particularly true in the large and relatively 

homogeneous pilsner beer segment, where producers may signal quality by their prices. 

Advertising efforts allow producers to underscore perceived quality differences and transfer 

regionalism to their customers. This outcome is in line with Madsen and Wu (2016), who 

argue that even if there are few real product differences in the lager segment, there a large 

differences in consumers’ perceptions of quality. Furthermore, Karagiannis et al. (2017) have 



found that German brewers, on average, price their beers above marginal cost and that a 

significant part of that price-cost wedge is due to product differentiation. 

 

3 A framework to recover markups and profit ratios 

Following DLW, firm 𝑖’s production technology in period 𝑡 is represented by the production 

function 

 𝑄௜௧ ൌ 𝐹௜௧ሺ𝑿௜௧ , 𝐾௜௧, 𝜔௜௧ሻ, (1)

where 𝑄௜௧ represents output, 𝑿௜௧ captures all freely adjustable inputs and capital 𝐾௜௧ is 

assumed to be fixed in period 𝑡. Unobserved productivity, which adds to the level of output, is 

denoted by 𝜔௜௧. We assume firms minimize their costs by choosing their optimal levels of 

variable inputs, resulting in the following optimization problem. 

 min
𝑿೔೟

ℒ௜௧ ൌ 𝑾௜௧𝑿௜௧ ൅ 𝑟௜௧𝐾௜௧ െ 𝜆௜௧ሺ𝐹௜௧ሺ𝑿௜௧, 𝐾௜௧, 𝜔௜௧ሻ െ 𝑄ത௜௧ሻ (2)

The vector 𝑾௜௧ captures prices of variable inputs and 𝑟௜௧ is the price of capital. From the first-

order condition for variable input v, we derive 

 𝜕𝐹௜௧ሺ𝑿௜௧, 𝐾௜௧, 𝜔௜௧ሻ
𝜕𝑋௜௧

௩

𝑋௜௧
௩

𝑄௜௧
ൌ

1
𝜆௜௧

𝑊௜௧
௩𝑋௜௧

௩

𝑄௜௧
, 

(3)

where the Lagrangian multiplier 𝜆௜௧ can be interpreted as marginal cost at output level 𝑄ത௜௧ 

and, hence, markup 𝜇௜௧ is defined as firm 𝑖’s output price in period 𝑡, denoted by 𝑃௜௧, over 

marginal costs: 𝜇௜௧ ≡ ௉೔೟

ఒ೔೟
. Denoting the share in revenues of variable input 𝑣 as 𝛼௜௧

௩ ൌ
ௐ೔೟

ೡ௑೔೟
ೡ

௉೔೟ொ೔೟
, 

we can derive a markup measure by rearranging the first-order conditions as 

 𝜇௜௧
௩ ൌ

ఏ೔೟
ೡ

ఈ೔೟
ೡ , (4)

i.e., as the ratio of the output elasticity 𝜃௜௧
௩ ൌ డி೔೟ሺ𝑿೔೟,௄೔೟,ఠ೔೟ሻ

డ௑೔೟
ೡ

௑೔೟
ೡ

ொ೔೟
 to the share of revenues of 

variable input 𝑣. Under perfect competition, a firm’s output elasticity is equal to its revenue 

share and 𝜇௜௧
௩ ൌ 1. Under any form of imperfect competition, the relevant markup drives a 

wedge between the input’s revenue share and its output elasticity resulting in 𝜇௜௧
௩ ൐ 1. Using 



our markup measure, we are able to recover the profit ratio defined as 𝜓௜௧ ≡  ௉೔೟

஺஼೔೟
. Following 

Crépon et al. (2005), we calculate 𝜓௜௧ as 

 𝜓௜௧ ൌ
ఓ೔೟

ೡ

ఋ೔೟
, (5)

where 𝛿௜௧ ൌ ∑ 𝜃௜௧
௩

௩  captures returns to scale. 

 

4 Empirical model 

Based on (Fehler! Verweisquelle konnte nicht gefunden werden.) and (5), we can calculate 

every firm 𝑖’s respective markup and profit ratio for any period 𝑡. Data on individual firms’ 

revenues and input costs are available in most firm-level datasets and enable us to calculate 

𝛼௜௧
௩ . Moreover, 𝜃௜௧

௩  is obtained through the estimation of a production function with common 

technology parameters across a set of producers:2 

 𝑦௜௧ ൌ 𝑓ሺ𝒙௜௧, 𝑘௜௧; 𝜷ሻ ൅ 𝜔௜௧ ൅ 𝜀௜௧. (6)

Small letters denote variables in logs and 𝑦௜௧ is a proxy for 𝑞௜௧ including a measurement error 

𝜀௜௧. The coefficients to be estimated including an intercept are collected in vector 𝜷. While 𝜀௜௧ 

captures unobserved i.i.d. shocks to production, 𝜔௜௧ represents productivity differences across 

firms and time. In practice, the latter are unobserved by the econometrician and include 

managerial ability. We assume Hicks-neutral technical change; i.e., the productivity term 𝜔௜௧ 

does not change the balance of input usage and is therefore captured by a scalar. This 

framework embeds various functional representations of production technologies including 

the transcendental logarithmic form (Christensen et al., 1973) and its special case, the Cobb-

Douglas form (Cobb and Douglas, 1928).  

 

4.1 Previous literature on production function estimation 

As already discussed by Marschak and Andrews (1944), there is a potential correlation 

between input levels 𝒙௜௧ and the unobserved firm-specific productivity 𝜔௜௧; i.e., firms that 



have a large positive productivity shock may respond by using more inputs. Hence, OLS will 

produce biased parameter estimates.3 The most prominent of the “traditional” solutions to the 

problem include fixed effects estimation (Mundlak, 1961; Hoch, 1962) and instrumental 

variable estimation (Griliches and Mairesse, 1998). While the former approach relies on the 

assumption that unobserved productivity is time invariant (such that 𝜔௜௧ ൌ 𝜔௜, 𝑖 ൌ 1 … 𝑁), 

identification using the latter requires appropriate instruments for the production factors that 

are often not available in practice. According to Griliches and Mairesse (1998), the time 

invariant error assumption may cause unreasonably low estimates of the capital coefficient. 

Based on the findings of the latter, Gandhi et al. (2017) conclude that both standard 

techniques are “theoretically problematic and unsatisfactory”. 

More recent contributions aimed at solving the endogeneity problem in production 

function estimation explicitly model firm behavior and can be categorized in two strands: 

dynamic panel data estimators (henceforth DP) (Arellano and Bond, 1991; Arellano and 

Bover, 1995; Blundell and Bond, 2000, 1998) and proxy methods (henceforth PM) (Olley and 

Pakes, 1996; Levinsohn and Petrin, 2003; Wooldridge, 2009; ACF). Both, DP and PM rely on 

placing stringent assumptions on the production process, and allow for the use of lagged 

inputs as instruments for current inputs. A priori beliefs about the timing of a firm’s input use 

(i.e., costs of adjusting inputs) are an integral part of these assumptions and constitute a major 

distinction between DP and PM. While identification relies on the assumption of costly input 

adjustment in the DP literature, PM requires at least one flexible input (Bond and Söderbom, 

2005; Petrick and Kloss, 2018). Moreover, input adjustment is allowed to take multiple 

periods in the DP but is restricted to one period in PM. In addition, assumptions differ with 

regard to productivity evolution in that DP imposes a linear structure, whereas it may evolve 

arbitrarily in PM (Petrick and Kloss, 2018).4 In our application, it is hard to justify material 

use that is chosen by means of a dynamic optimization problem, possibly over several 

periods, and we therefore focus on PM in the rest of this section.  



The first contribution to the PM literature was made by Olley and Pakes (1996) 

(henceforth OP). They provide a semiparametric estimator that is consistent under the 

presence of simultaneity and selection problems, and allows the relaxation of the assumption 

of time invariant unobserved productivity without relying on external instruments.5 To 

identify unbiased production function parameters, OP exploit the firms’ investment decisions, 

allowing the use of investment spending as proxy for unobserved productivity. 

Levinsohn and Petrin (2003) (henceforth LP) point out that the application of the OP 

framework is only valid for firms with positive investment spending. It is therefore 

problematic to utilize the OP algorithm using a dataset that contains a significant number of 

companies with zero investment. LP suggest using intermediate inputs (where zero values are 

unlikely) as a proxy for productivity.  

Wooldridge (2009) (henceforth WDG) introduced a framework with a single step for 

estimating the two-stage OP and LP procedures. Unlike the two-step estimation in the original 

OP and LP work, the WDG estimator accounts for correlation between errors of the equations 

resulting in efficiency gains. Furthermore, standard errors robust to heteroscedasticity and 

serial correlation are easily obtained without the need for bootstrapping. 

ACF argue that labor input is functionally dependent on the intermediate input in LP 

(investments in OP) and capital in the first stage of the LP (OP) estimation algorithm, and 

therefore labor is not identified in the first stage of LP (OP).6 ACF propose an alternative 

procedure to avoid the functional dependence problems. Using Monte Carlo simulations, they 

show that their procedure, unlike OP and LP, consistently identifies the production function 

coefficients in several alternative data-generating processes. 

To take advantage of the benefits of the WDG and the ACF procedures over the 

previous methods described in this section, we apply both to determine output elasticities. In 

addition, WDG and ACF allow for estimation of a more flexible functional form in 

𝑓ሺ𝒙௜௧, 𝑘௜௧; 𝜷ሻ than the OP and LP procedures, which is crucial for deriving firm-specific 



output elasticities. The use of a Cobb-Douglas function, assuming constant output elasticities 

across firms and over time, may lead to ascribing technological variation to variation in 

markups. 

 

4.2 Specification of the production function 

To obtain a reliable measure of markup as described in (Fehler! Verweisquelle konnte nicht 

gefunden werden.), it is vital that the input 𝑣, used for markup calculation, is free of 

adjustment costs. Markups calculated using capital output elasticities may suffer from upward 

bias since the wedge between a firm’s output elasticity of an input and its cost share in 

revenues will also capture adjustment costs. We can assume markup estimates from labor are 

similarly flawed, as Germany continues to experience substantial hiring and firing costs 

(Yaman, 2011; Deloitte, 2018). Therefore, we utilize a gross output production function 

instead of the widely used value-added specification. This allows us to relax the assumption 

of a fixed material-output proportion in the production process and to base our markup 

estimations on material, the most flexible input.  

To recover firm and time-specific markups, we specify a gross output production 

function of a translog functional form: 

 𝑦௜௧ ൌ 𝛽଴ ൅ 𝒓௜௧𝜷 ൅ 𝜔௜௧ ൅ 𝜀௜௧ (7)

with 𝒓𝒊௧ ൌ ሾ𝑙௜௧ 𝑘௜௧ 𝑚௜௧ 𝑙௜௧𝑘௜௧ 𝑙௜௧𝑚௜௧ 𝑘௜௧𝑚௜௧ 𝑙௜௧
ଶ 𝑘௜௧

ଶ 𝑚௜௧
ଶ ሿ and 𝜷 ൌ

ሾ𝛽௟ 𝛽௞ 𝛽௠ 𝛽௟௞ 𝛽௟௠ 𝛽௞௠ 𝛽௟௟ 𝛽௞௞ 𝛽௠௠ሿ′. 

 

4.3 Estimation using the Wooldridge (2009) and Levinsohn and Petrin (2003) 

framework 

Our starting point for the WDG framework is an LP setup. Therefore, it is assumed that a 

firm’s demand for intermediate inputs 𝑚௜௧ is determined by 𝑘௜௧ and 𝜔௜௧, resulting in 



 𝑚௜௧ ൌ 𝜅௧ሺ𝑘௜௧, 𝜔௜௧ሻ. 7 (8)

Given that 𝜅௧ is strictly increasing in 𝜔௜௧, unobserved productivity can be expressed as a 

function of capital and the intermediate input:  

 𝜔௜௧ ൌ 𝜅௧
ିଵሺ𝑘௜௧, 𝑚௜௧ሻ.  (9)

Substituting for 𝜔௜௧ in (7), we can specify the first equation to identify 𝜷.  

 𝑦௜௧ ൌ 𝛽଴ ൅ 𝒓௜௧𝜷 ൅ 𝜅௧
ିଵሺ𝑘௜௧, 𝑚௜௧ሻ ൅ 𝜀௜௧ (10)

We assume that productivity follows a first-order Markov exogenous process, that is, 

 𝜔௜௧ ൌ 𝐸ሺ𝜔௜௧|𝜔௜௧ିଵሻ ൅ 𝜉௜௧ ൌ ℎሺ𝜔௜௧ିଵሻ ൅ 𝜉௜௧, (11)

where 𝜉௜௧ is an i.i.d. error that can be interpreted as the technical progress. We capture 

productivity using (9) and (11) and substitute for ω୧୲ in (7) to form the second identifying 

equation 

 𝑦௜௧ ൌ 𝛽଴ ൅ 𝒓௜௧𝜷 ൅ ℎሾ𝜅௧
ିଵሺ𝑘௜௧ିଵ, 𝑚௜௧ିଵሻሿ ൅ 𝜉௜௧ ൅ 𝜀௜௧. (12)

Identifying the parameters by jointly estimating (10) and (12) requires to deal with the 

unknown functions 𝜅௧
ିଵ and ℎ. 8. The WDG framework allows for a polynomial 

approximation up to an arbitrarily high degree for both functions, such that 𝜅௧
ିଵ can be 

expressed as 

 𝜅௧
ିଵሺ𝑘௜௧, 𝑚௜௧ሻ ൌ 𝜆଴ ൅ 𝒄௜௧ሺ𝑘௜௧, 𝑚௜௧ሻ𝝀. (13)

Hereby, all 𝐾 terms resulting from the polynomial approximation are collected in the 1 ൈ 𝐾 

vector 𝒄௜௧ and the corresponding coefficients in the 𝐾 ൈ 1 vector 𝝀. The function ℎ can be 

approximated by a polynomial in 𝜔௜௧ିଵ up to order 𝐺: 

 ℎሺ𝜔௜௧ିଵሻ ൌ 𝜌଴ ൅ 𝜌ଵ𝜔௜௧ିଵ ൅ ⋯ ൅ 𝜌ீ𝜔௜௧ିଵ
ீ . (14)

We approximate 𝜅௧
ିଵሺ𝑘௜௧, 𝑚௜௧ሻ by a third-order polynomial and assume that productivity 

follows a random walk with drift, which restricts 𝐺 ൌ 1 and 𝜌ଵ ൌ 1.9 Substitution of 𝜅௧
ିଵ and 

ℎ in (10) and (12) yields 

 𝑦௜௧ ൌ 𝛿଴ ൅ 𝒓௜௧𝜷 ൅ 𝒄௜௧𝝀 ൅ 𝜀௜௧ (15)



and 

 𝑦௜௧ ൌ 𝜁଴ ൅ 𝒓௜௧𝜷 ൅ 𝒄௜௧ିଵ𝝀 ൅ 𝜈௜௧ (16)

where 𝛿଴ ൌ 𝛽଴ ൅ 𝜆଴, 𝜁଴ ൌ 𝛽଴ ൅ 𝜆଴ ൅ 𝜌଴ and 𝜈௜௧ ൌ 𝜉௜௧ ൅ 𝜀௜௧. Instruments for the first equation 

are 

 𝒛௜௧ଵ ൌ ሾ1 𝒓௜௧ 𝒄௜௧ 𝒄௜௧ିଵ 𝒘௜௧ିଵሿ, (17)

where 𝒘௜௧ିଵ ൌ ሾ𝑙௜௧ିଵ 𝑙௜௧ିଵ
ଶ 𝑙௜௧ିଵ𝑚௜௧ିଵ 𝑙௜௧ିଵ𝑘௜௧ 𝑘௜௧𝑚௜௧ିଵሿ.10 Instruments for the second 

equation are  

 𝒛௜௧ଶ ൌ ሾ1 𝒓௜௧
଴ 𝒄௜௧ିଵሿ, (18)

where 𝒓௜௧
଴  is the second-order polynomial of 𝑙௜௧ିଵ, 𝑚௜௧ିଵ and 𝑘௜௧. We choose a matrix of 

instruments for every firm 𝑖 in every period 𝑡: 

 𝒁௜௧ ൌ ൬
𝒛௜௧ଵ 𝟎

𝟎 𝒛௜௧ଶ
൰. (19)

Finally, we state the moment conditions required for GMM estimation as 

 𝐸 ൤𝒁௜௧
ᇱ ൬

𝜀௜௧ሺ𝛿଴, 𝜷, 𝝀ሻ
𝜈௜௧ሺ𝜁଴, 𝜷, 𝝀ሻ൰൨ ൌ 0. 11 

(20)

 

4.4 Estimation using the Ackerberg, Caves and Frazer (2015) procedure 

In accordance with the ACF approach, we assume material demand to be a function of 𝑙௜௧ in 

addition to 𝑘௜௧ and 𝜔௜௧. However, as we use a gross output specification, we have to depart 

from the value-added ACF procedure and include additional material demand shifters (i.e., 

variables that lead to differences in input demand across firms in 𝜅௧. 12 We use the firms’ 

average wage rate (per annum), since it is an argument in the conditional input demand 

function of a cost-minimizing firm, and the share of beer firm 𝑖 produced under its own brand 

as shifters in 𝑚௜௧, and collect them all in vector 𝒖௜௧. Therefore, material input demand is given 

by 

 𝑚௜௧ ൌ 𝜅௧ሺ𝑘௜௧, 𝑙௜௧, 𝜔௜௧, 𝒖௜௧ሻ.  (21)

Assuming strict monotonicity of 𝜔௜௧ in 𝑚௜௧, we can invert 𝜅௧ to obtain 



 𝜔௜௧ ൌ 𝜅௧
ିଵሺ𝑘௜௧, 𝑙௜௧, 𝑚௜௧, 𝒖௜௧ሻ. (22)

We give up on identifying any production function parameters in the first stage and therefore 

rewrite (7) replacing 𝜔௜௧ by (22); that is: 

 𝑦௜௧ ൌ 𝜑௜௧ሺ𝑘௜௧, 𝑙௜௧, 𝑚௜௧, 𝒖௜௧ሻ ൅ 𝜀௜௧, (23)

where 𝜑௜௧ሺ𝑘௜௧, 𝑙௜௧, 𝑚௜௧, 𝒖௜௧ሻ ൌ 𝛽଴ ൅ 𝒓௜௧𝜷 ൅ 𝜅௧
ିଵሺ𝑘௜௧, 𝑙௜௧, 𝑚௜௧, 𝒖௜௧ሻ. We use a third-order 

polynomial to approximate 𝜑௜௧. The predicted value of the latter, 𝜑ො௜௧, represents produced 

output that is unaffected by the i.i.d. production shock 𝜀௜௧. 

The coefficients in 𝜷 are identified in the second stage forming appropriate moment 

conditions and exploiting the law of motion in productivity. For any values in 𝜷, productivity 

𝜔௜௧ can be written as 

 𝜔௜௧ ൌ 𝜑ො௜௧ െ 𝛽଴ െ 𝒓௜௧𝜷∗, (24)

where 𝜷∗ is a vector of candidate values for 𝜷. Similar to the WDG framework, we assume 

that productivity follows the first-order Markov exogenous process in (11) and approximate ℎ 

by a third-order polynomial in 𝜔௜௧ିଵ. We form independent moment conditions on 𝜉௜௧ making 

use of (11) and (24) as 

 𝐸ሾ𝒛௜௧𝜉௜௧ሺ𝜷ሻሿ ൌ 0, (25)

where the vector 𝒛௜௧ captures all instruments. The choice of elements in 𝒛௜௧ reflects the 

assumptions on input timing. We consider capital to be a dynamic input that is chosen in 

period 𝑡 െ 1, and material to be a flexible input chosen in period 𝑡. While LP consider both 

labor and material as flexible inputs chosen in period 𝑡, the ACF procedure allows making 

several assumptions about the timing of labor. The latter may be assumed to be dynamic and 

chosen in period 𝑡 െ 1, flexible and chosen in period 𝑡, or chosen at 𝑡 െ 𝑏 (with 0 ൏ 𝑏 ൏ 1), 

which is a point of time in between. We assume that labor is chosen after 𝑡 െ 1 and form 

moment conditions according to it: 



 𝒛௜௧ ൌ

ሾ1 𝑘௜௧ 𝑘௜௧
ଶ 𝑙௜௧ିଵ 𝑙௜௧ିଵ

ଶ 𝑚௜௧ିଵ 𝑚௜௧ିଵ
ଶ 𝑘௜௧𝑙௜௧ିଵ 𝑘௜௧𝑚௜௧ିଵ 𝑙௜௧ିଵ𝑚௜௧ିଵሿ′.13 

(26)

Using the instruments defined in 𝒛௜௧, the moments in (25) are estimated using standard GMM 

techniques to obtain 𝜷෡, and standard errors are calculated by block bootstrapping. 

 

4.5 Relating markups, profit ratios and prices to advertising expenditures 

To recover markups, we first derive output elasticities of the most flexible input factor 𝑀௜௧, 

denoted as 𝜃෠௜௧
ெ using estimated coefficients 𝜷෡ as  

 𝜃෠௜௧
ெ ൌ  𝛽መ௠ ൅ 2𝛽መ௠௠𝑚௜௧ ൅ 𝛽መ௟௠𝑙௜௧ ൅ 𝛽መ௞௠𝑘௜௧.14 (27)

To calculate the revenue share of material, we correct the output measure using the predicted 

error: 𝑙𝑛Q௜௧ ൌ 𝑙𝑛𝑌௜௧ െ 𝜀௜̂௧. The error 𝜀௜௧ might be correlated to factors that are not among the 

inputs or productivity, but still influence the level of output (e.g., input prices, technology 

parameters and market characteristics). Using the WDG framework, 𝜀௜̂௧ is obtained from the 

two-equation estimation. In the ACF procedure, the predicted error is obtained from the first 

stage (22) as 𝜀௜̂௧ ൌ 𝑦௜௧ െ 𝜑ො௜௧. The revenue share of material 𝛼ො௜௧
ெ is determined by 

 
𝛼ො௜௧

ெ ൌ
𝑊௜௧

ெ𝑀௜௧

𝑃௜௧
𝑌௜௧
𝑒ఌො೔೟

 
(28)

Substituting for 𝛼௜௧
௩  and 𝜃௜௧

௩ , where 𝑣 ൌ 𝑀, by their respective predicted values 𝛼ො௜௧
ெ and 𝜃෠௜௧

ெ in 

(Fehler! Verweisquelle konnte nicht gefunden werden.) enables the calculation of 

individual firms’ markups for each year.  

We recover profit ratios by substituting calculated markups and returns to scale, computed as 

𝛿መ௜௧ ൌ 𝜃෠௜௧
௅ ൅ 𝜃෠௜௧

௄ ൅ 𝜃෠௜௧
ெ, in (5). 

Lastly, to draw some inferences from a firm’s markup and its advertising expenditure, 

we utilize the simple regression model 

 ln 𝜇௜௧
ெ ൌ 𝒙௜௧𝜼 ൅ 𝜎௜ ൅ 𝜖௜௧, (29)



where the vector 𝒙௜௧ ൌ ሾ1 ln 𝑎𝑑௜௧ 𝑥௜௧ଶ ⋯ 𝑥௜௧௅ሿ captures the log of advertising intensity 

and other control variables. The corresponding coefficients are captured in 𝜼 ൌ

ሾ𝜂଴ 𝜂௔ௗ 𝜂ଶ ⋯ 𝜂௅ሿᇱ, where 𝜂௔ௗ is our parameter of interest as it provides us with 

information on the relationship between the firms’ advertising expenditures and markup size. 

Time-invariant firm characteristics are captured by 𝜎௜ and 𝜖௜௧ is an i.i.d. error term. We 

suspect advertising expenditures to be correlated with time-invariant firm characteristics such 

as differences in management or location. To get unbiased estimates under the presence of 𝜎௜, 

we estimate the model using fixed-effects transformation. To get insight into the relationship 

between profit ratios and advertising intensity, and between prices and advertising intensity, 

we estimate (29) using ln 𝜓௜௧ and ln 𝑃௜௧ as dependent variables. 

 

5 Data description 

We employ an unbalanced panel of 197 German breweries that were participating in a 

voluntary benchmarking program conducted on behalf of the German Brewers Association 

over a 13-year period from 1996 to 2008, resulting in a total of 1,321 observations. Each firm 

is in the panel for at least two years and the median observation time is six years. Table 

1Fehler! Verweisquelle konnte nicht gefunden werden. presents descriptive statistics of 

output, inputs, prices and advertising expenses. Physical output is measured in thousands of 

hectoliters and includes beer, beer-mix drinks (shandy) and non-alcoholic beverages. Our 

sample includes breweries producing between 4,000 and 2.5 million hl per year, with an 

average of 128,000 hl. It does not cover the very small brewery segment well (less than 

10,000 hl). However, it includes almost one-third of all mid-size breweries in Germany 

(annual output between 50,000-500,000 hl), and approximately 23% of all breweries 

producing more than 10,000 hl. Most of our observations (82.2%) are located in Southern 

Germany (Bavaria, Baden-Württemberg). 



A firm’s output is given as revenue deflated by a firm-specific price index with 2005 as 

base year.15 We build this firmspecific price index using detailed information in our dataset 

about revenues and quantities for different products, including beer with the firm’s own 

brand, other beer, beer-mix drinks, and non-alcoholic beverages in kegs or bottles. Our price 

index is the weighted average of prices in these different categories, where we use their output 

shares as weights. By doing so, we are able to take into account any price dispersion between 

breweries and price changes over time, and create a quantity-type measure of output. As 

discussed by Klette and Griliches (1996) and Mairesse and Jaumandreu (2005), this avoids an 

omitted variable bias in the econometric estimation of the production technology, and 

provides more reliable estimates of output elasticities. Given that there is a considerable price 

dispersion ranging between €36.26 and €122.68, and an average of €78.24 per hl, this seems 

important.   

We aggregate inputs into three variables: material including expenses for malt, barley, 

hops, water, and energy but also purchased goods and services, and labor measured by the 

total sum of all wages and capital including the year-end value of all machinery, equipment 

and buildings. Advertising expenditures consist of advertising costs, sponsorship costs and 

expenses for public relations work. Using appropriate price indices from the German Federal 

Statistical Office (Destatis), all the monetary values were deflated to base year 2005 values. 

The average (median) firm spent €4.96 (3.56) per hl in marketing activity. This fits quite well 

with the industry average of €4 per hl, as reported in the introduction. However, Table 1 also 

reveals that firms are quite heterogeneous in their advertising efforts, and expenses range 

from €0.18 to €27.41 per hl, with the 75% interval between €1.65 and €9.04. 

 

6 Results 

Table 2 depicts production function parameters based on the WDG and ACF estimation 

procedures. Although the underlying assumptions of these methods differ, their estimated 



labor, capital and material coefficients are very similar in magnitude. All standard errors of 

coefficients using the more efficient WDG framework are lower than those of the ACF 

procedure. With the exception of the ACF labor coefficient, all first-order effects are 

significantly different from zero, at least on a 5% level. 

Utilizing the estimated production function coefficients, we calculate markups and 

several other firm-specific measures. Table 3 reports median values of output elasticities, 

returns to scale, markups and profit ratio. Calculated values do not differ considerably 

between methods. We report median output elasticities of approximately 0.5 for labor, 0.1 for 

capital and 0.5 for material. All median elasticities are significantly different from zero on a 

5% level, except for labor calculated using ACF. Both estimation procedures suggest that the 

median firm’s technology is characterized by slightly increasing economies of scale of 1.096. 

Median markups account for 1.434 and 1.375 based on WDG and ACF estimation 

respectively and thus exceed one (1), the value corresponding to a perfectly competitive 

market. Although median values are relatively close, Figure 1 shows that the WDG 

framework produces markups with a larger tailed distribution than the ACF-based markups. 

This is also reflected in a larger interquartile range of 0.436 compared to 0.348 for the ACF-

based markups. The density plot also shows that only a very small proportion of breweries is 

pricing below marginal cost, as the 5% percentile of the WDG-based markup is still above 

one (1). The 99% percentile on the other hand shows that some firms are able to drive a 

considerable wedge between price and marginal cost, as they are able to price at more than 

double the marginal cost. Subsequently, we calculate the firms’ profit ratios and report 

median values of approximately 1.306 and 1.261, based on output elasticities estimated using 

the WDG framework and the ACF method, respectively. Figure 2 shows that the distribution 

of markups is centered around a higher value than the distribution of the profit ratios, 

indicating a higher average markup than the average profit ratio. This suggests that the price-



marginal cost wedges of firms are partly due to imperfect competition and partly due to firms 

not operating at their optimal level of scale. 

Based on our markup estimates, we are able to make some inferences about the 

relationship between markup values and advertising expenditures. We must emphasize that 

we are not interpreting the estimated coefficient as a causal parameter, rather we try to test 

whether, on average, firms with higher advertising expenditures have different markups. 

Column 1 in Table Fehler! Verweisquelle konnte nicht gefunden werden. presents the 

results of our base specification, a fixed-effects model including advertising intensity 

(advertising expenditures per hl produced), physical output as a proxy for company size, and a 

time trend as right-hand side variables. The markup, advertising expenditures per hl, and firm 

size are all expressed in logarithms. We estimate a positive and statistically significant 

relationship between advertising and markups. On average, one percent more in advertising 

expenditures per hl is associated with a 0.045 percent higher markup. The coefficient on firm 

size is negative, which might be due to the more elastic residual demand curves of large-scale 

breweries. In column 2, we add the breweries’ revenue shares from beer sold under their own 

private brands. Breweries with higher shares are producing less quantities of non-alcoholic 

beverages, and/or are brewing less beer as contract brewers (e.g., for other breweries or for 

retailers under their store brand). Therefore, a higher share may indicate a stronger private 

brand. Thus, we are able to reveal this variable’s positive correlation with the markup. In 

another variation of our base specification, we follow DLW in controlling for total factor 

productivity to pick up variations in marginal costs across firms. Using the WDG framework, 

we predict a measure of productivity 𝜔ෝ෩௜௧ from (14) as 𝒄௜௧𝝀෠ .16 In the ACF procedure, we 

recover productivity from (22) as 𝜔ෝ௜௧ ൌ 𝜑ො௜௧ െ 𝛽መ଴ െ 𝒓௜௧𝜷෡. Adding the control variables 

described before only results in minor changes in advertising coefficients. Similar results (not 

presented) are obtained using the ACF procedure, with advertising coefficients ranging from 

0.042 to 0.044. Therefore, they seem to be robust to the estimation procedure upon which the 



markup is based. In addition, we want to evaluate whether firms can increase their profit 

ratios and prices through advertising efforts. Table 5 shows a positive and significant 

relationship between profit ratio (price) and advertising intensity while controlling for firm 

size and quality. The estimated magnitudes are very similar to the one for the markup. 

 

7 Discussion 

Compared to most other countries in the world, the German beer industry has a relatively low 

concentration ratio. More than 1,400 independent breweries exist today. In many areas of 

Germany, but especially in the South (where most of the breweries in our sample are located), 

there is competition between multiple local breweries complemented by supply from national 

brands (e.g., Beck’s, Krombacher and Warsteiner). On one hand, beer is a relatively 

homogeneous product, especially within one style of beer (Pils, Wheat, Lager, etc.). On the 

other hand, there is some evidence that consumers have preferences for specific brands 

(Galizzi and Garavaglia, 2012; Guinard et al., 2001) and/or for beer from their home region 

(Profeta et al., 2008). As for Germany, Empen and Hamilton (2013, 2015) and Loy and 

Glauben (2015) show that German consumers exhibit brand loyalty for “local” beers. 

Karagiannis et al. (2017) discuss that German breweries can exert market power through 

product differentiation. To foster brand loyalty and expand perceived quality gaps between 

products, German brewers invest heavily in marketing and may, in turn, increase their prices, 

markups and even profits. However, theoretical literature on advertising is ambiguous 

regarding the relationship between a company’s marketing expenses and market power. 

Proponents of the informative view contend that advertising expenditures raise market 

transparency and, in turn, lower industry demand elasticity. Consequently, the average firms’ 

price decreases, as do its markup and profit ratio. In the persuasive advertising literature, a 

firm uses advertising solely as a means to shift its demand curve outwards. The effect of 

advertising on prices, markups and profit ratios of a firm therefore depends on whether 



advertising is cooperative (resulting in an outward shift in industry demand) or predatory 

(shifting market share within the industry) (Rojas and Peterson, 2008). We rely on a method 

proposed by De Loecker and Warzynski (2012) to recover firm- and time-specific markups 

using production data. The method relies on firms’ cost minimization behavior and exploits 

deviations in the output elasticity to revenue share ratio of a flexible input. To provide reliable 

estimates of output elasticity, we estimate a production function using the Wooldridge (2009) 

and Levinsohn and Petrin (2003) framework, along with the procedure suggested by 

Ackerberg, et al. (2015). Similar to our study, De Loecker and Scott (2016) estimate mean 

markups in the U.S. brewing sector that range from 1.5 to 1.9, while Grieco et al. (2018) 

estimate mean markups of large U.S. and Canadian brewers that range from 1.16 to 1.19. We 

find that our estimates fall in between those of Grieco et al. (2017) and De Loecker and Scott 

(2016), and although conditional on differing datasets and estimation methods, are in a 

comparable range. 

We can confirm a significant positive relationship between advertising intensity and 

firm-level markups, profit ratio and price while controlling for firm size, quality, productivity, 

and time-invariant unobserved firm characteristics. We can interpret our positive coefficients 

as a sign that the German brewing market is characterized by persuasive advertising rather 

than informative advertising. Intuitively, this makes sense, as ingredients are very similar in 

German beers due to the German purity law. Moreover, the German beer market is not 

characterized by a large number of entries and exits, so most customers are aware of the 

brands that exist. We observe a significant negative effect of firm size on markups. One 

explanation might be that small local breweries or small breweries with specialty beers are 

able to create higher markups.    
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Tables 

 

Table 1: Descriptive statistics 

Variable Mean Median Min Max Std. 

Output 11,023 5,515 314 225,574 20,801 

Labor 2,337 1,338 100 36,664 3,518 

Material 3,579 1,900 152 83,133 7,353 

Capital 4,708 2,274 84 82,897 8,258 

Physical output 128 64 4 2,516 232 

Price 78.24 78.68 36.26 122.68 12.06 

Advertising expenses 1,108 247 3 63,529 3,798 

Advertising intensity 4.96 3.56 0.18 27.41 4.16 
Output, labor, material, capital and advertising expenditures are measured in 1,000 €. 
Physical output is measured in 1,000 hl and price in €/hl. Advertising intensity is measured 
in €/hl. 
Source: Authors’ calculations from German Brewers Association (GBA) data.

 

  



Table 2: WDG and ACF estimation results

  WDG SE1 ACF SE2 

Labor 0.499 0.036 0.446 0.337

Capital 0.116 0.021 0.145 0.058

Material 0.453 0.042 0.477 0.130

Labor*Labor 0.083 0.042 0.073 0.110

Capital*Capital 0.001 0.016 0.027 0.027

Material*Material 0.027 0.032 0.064 0.089

Labor*Capital 0.015 0.051 -0.043 0.070

Labor*Material -0.152 0.054 -0.160 0.133

Capital*Material 0.007 0.002 0.014 0.085

Observations  1125 1121
The number of observations differs due to missing values in additional 
variables in the control function of the ACF procedure. 
1 We report cluster-robust GMM standard errors and relax the assumption 
of independence of firm-specific errors. 
2 Block bootstrapping is used to calculate standard errors (1,000 
repetitions). 
Source: Author’s calculations from German Brewers Association (GBA) 
data. 

  



Table 3: Statistics derived from WDG and ACF estimation

  WDG ACF

  Median SE1 Median2 SE1 

Elasticity labor 0.504 0.044 0.502 0.321

Elasticity capital 0.102 0.025 0.124 0.057

Elasticity material 0.497 0.060 0.466 0.149

Returns to scale 1.096 0.051 1.096 0.271

Markup 1.434 0.177 1.375 0.436

Profit ratio 1.307 0.125 1.261 0.680
1 Block bootstrapping is used to calculate standard errors (1000 repetitions). 
2 We rely on the median as a measure of central tendency as it is more robust to 
the exceptionally high values of our derived variables 
Source: Authors’ calculations from German Brewers Association (GBA) data.

  



 
Table 4: Fixed effects regression - Dependent variable: ln(Markup) 
(derived using WDG framework) 
 (1) (2) (3) 

ln(Adv Exp/hl) 0.045*** 0.038*** 0.038***

 (0.007) (0.007) (0.007)

ln(Firm size) -0.231*** -0.196*** -0.195***

 (0.017) (0.017) (0.018)

ln(Share of beer/Rev)  0.204*** 0.204***

  (0.031) (0.031)

TFP (WDG)  -0.077

  (0.223)

Observations 1321 1321 1321

R2 0.357 0.381 0.381
Standard errors in parentheses 
* p < 0.1, ** p < 0.05, *** p < 0.01 
Time trend and intercept are included in all models 
Source: Authors’ calculations from German Brewers Association (GBA) data.

  



Table 5: Fixed-effects regression – different dependent variables

 ln(Profit ratio)1 ln(Price) 

ln(Adv Exp/hl) 0.037*** 0.030*** 

 (0.006) (0.004) 

ln(Firm size) -0.160*** -0.086*** 

 (0.016) (0.011) 

ln(Share of beer/Rev) 0.188*** 0.108*** 

 (0.028) (0.020) 

Observations 1321 1321 

R2 0.411 0.365 
1 Derived using the WDG framework 
Standard errors in parentheses 
* p < 0.1, ** p < 0.05, *** p < 0.01 
Time trend and intercept are included in all models 
Source: Authors’ calculations from German Brewers Association (GBA) data.

  



 
Figures 

 

 

Figure 1: Distribution of markups based on different estimation procedures. 

  



 

Figure 2: Distribution of profit ratios and markups. 



 

1 We neglect the much less-discussed complementary view and refer to Bagwell (2007, p. 

1,720) for further discussion. 

2 Note that this does not imply that output elasticities are constant across firms. 

3 We refer to Ackerberg et al. (2007) for a more comprehensive treatment of the endogeneity 

problem in estimating production functions. 

4 ACF provide a more detailed discussion of the relationship between both strands of 

literature. 

5 According to ACF, using PM to relax these assumptions comes at the cost of introducing 

new assumptions. 

6 ACF discuss in detail the data-generating processes under which labor is identified in the 

OP/LP estimation framework. They find that this is the case only under very special 

circumstances. 

7 Including 𝑙௜௧ in 𝜅௧ would correspond to the ACF critique. Hereby, 𝑙௜௧ିଶ is the first potential 

lag to be used as an instrument for 𝑙௜௧. However, as an instrument, 𝑙௜௧ିଶ may lack relevance 

and its use entails the loss of one additional period of observations. Ornaghi and van Beveren 

(2012) report unreasonably high or low labor coefficients in their ACF-WDG estimation, 

which they attribute to highly correlated variables in that specification. In our application, 𝑙௜௧ 

and 𝑙௜௧ିଵ would also show up in the control functions in (10) and (12) respectively, 

magnifying the risk of multicollinearity. 

8 In the original procedure, LP identify the production function parameters estimating 

equations (10) and (12) in two steps. They already determine some coefficients in the first 

stage, utilizing the predictions to substitute for their values in the second stage equation. This 

has the advantage of a computationally less intensive search over the parameters in the GMM 

estimation. 

                                                            



                                                                                                                                                                                          
9 This is a common assumption (e.g. Ornaghi and van Beveren (2012) and Rovigatti and 

Mollisi (2018)), since otherwise the search algorithm can face convergence problems. 

10 We do not need to include additional nonlinear functions of 𝒄௜௧ିଵin 𝒛௜௧ଵ as we assumed 𝐺 ൌ

1 and 𝜌ଵ ൌ 1. 

11 The GMM criterion function is minimized using the Gauss Newton method. The initial 

weighting matrix is specified as unidentified and error terms are assumed to be independent. 

12 Gandhi et al. (2017) show that gross output production functions are not identified if the 

intermediate input 𝑚௜௧ is perfectly flexible, and therefore additional variation is required in 

the material demand function 𝑚௜௧ ൌ 𝜅௧ሺ𝑘௜௧, 𝑙௜௧, 𝜔௜௧ሻ. 

13 𝑙௜௧ may be chosen prior to 𝑚௜௧ or both input levels may be chosen simultaneously. Only the 

dynamic implications of 𝑙௜௧ are ruled out. 

14 All estimations are done using Stata, adapting parts of the code developed by Rovigatti and 

Mollisi (2018) and DLW. 

15 We prefer revenues deflated by a firm-specific price index to hectolitres. The latter raises 

the question of how to weight beer against beer-mix drinks and non-alcoholic beverages. The 

same issue arises with beer in kegs versus beer in bottles. 

16 Note that this measure excludes the intercept 𝜆መ଴, which we cannot recover. As 𝜆መ଴ does not 

add any variation to productivity, we can substitute 𝜔ෝ௜௧ by 𝜔ෝ෩௜௧ in our regression framework. 
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