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Abstract

We provide a mini-history of the craft beer segment of the U.S. brewing industry with partic-
ular emphasis on producer-entrepreneurs but also other pioneers involved in the promotion
and marketing of craft beer who made contributions to brewing it. In contrast to the more
commodity-like lager beer produced by the macrobrewers in the United States, the output
of the craft segment more closely resembles the product differentiation and fragmentation
in the wine industry. We develop a database that tracks the rise of craft brewing using
various statistical measures of output, number of producers, concentration within the
segment, and compares output with that of the macro and import segment of the industry.
Integrating our database into Geographic Information Systems software enables us to map
the spread of the craft beer segment from its taproot in San Francisco across the United
States. Finally, we use regression analysis to explore variables influencing the entrants and
craft beer production at the state level from 1980 to 2012. We use Tobit estimation for produc-
tion and negative binomial estimation for the number of brewers. We also analyze whether
strategic effects (e.g., locating near competing beer producers) explain the location choices
of craft beer producers. (JEL Classifications: L26, L66, N82, R12)

Keywords: Craft beer segment, Fritz Maytag, home brewing, microbrewery, HHI, locational
choices.

I. Introduction

The most famous opening line in all of literature is: “In the beginning, God …” In
writing about craft beer, a fitting opening line would be: “In the beginning, Fritz
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Maytag…”Maytag did not, ex nihilo, create a new malt beverage. In fact, Maytag’s
brewing firm, the Anchor Steam Beer Company, had been in existence since 1896,
well before he took ownership of the company in 1965. Maytag’s innovation was
in reconstituting a fading company and a dying product. In the course of doing
so, he personified “the beginning” of the craft beer segment of the malt beverage in-
dustry. Although Maytag’s pioneering endeavors took place in the United States, his
influence on the market for beer has been global. Maytag and others who followed
undermined the hypothesis that the U.S. beer industry was destined to have a highly
concentrated market structure, a homogeneous output (i.e., lager beer), and be insu-
lated from the prospect of new entrants to the market.

This paper can be likened to a three-legged stool. Each of the three legs can be
read separately from the other two, but together they have an economic unity con-
sisting of history, statistics, and geography. The first leg constitutes a mini-history
of the craft beer segment in the United States—from its origins to its present port-
folio of thousands of sellers. The second leg is a statistical analysis of craft beer in
the United States and tracks its growth from 1979 to 2012. The third leg is an exercise
in economic geography and portrays the spread of craft beer from its taproot in
San Francisco to its branches elsewhere.

The term “craft beer” (or “craft beer segment”) is a portmanteau expression that
merits unpacking. In his history of craft beer, Tom Acitelli defines a craft brewery
this way:

This type of brewery includes any small, independently owned brewery that adheres to tra-
ditional brewing practices and ingredients. Craft brewers are distinct from larger regional
and national breweries, which often use nontraditional ingredients and brew on a much
vaster scale. (2013, p. xv)

This definition incorporates the two variables that distinguish or define craft beer:
the type of beer and the size of the production facility (although both metrics,
“kind” and “size,” are elastic). By type of beer, craft beer can mean different varieties
of beer—ale, stout, porter, even lager—but never brewed with adjuncts or artificial
ingredients. The trade group for craft brewers, the Brewers Association, defined a
craft brewer as:

small, independent and traditional. Small means brewing less than 6 million barrels per year,
the federal limit for the small brewers excise tax exemption. Independent means that less than
25% of the brewery is owned by a non-craft brewer. Traditional refers to a focus on beers that
are made entirely or mostly from malt, and not diluted with adjuncts like corn or rice.
(Brewers Association, p. 3)1

1Even craft brewers find defining the segment problematic. In 2014, the craft brewers’ trade group, the
Brewers Association, changed its definition to include the limited use of adjuncts such as corn or rice
in the brewing process. The new definition allowed firms like Yuengling and Straub to define themselves
as craft brewers (Brewers Association, 2014).
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To many consumers, craft beer is associated with the small scale of the brewing fa-
cility: microbreweries and brewpubs.2 Home brewing is an extreme example of
small-scale production and vertical integration. In the taxonomy of craft beer pro-
duction, there also is the nanobrewery, which, unlike home brewers, brews beer
for resale but on a very small scale (a capacity of three barrels or less; Woodske,
2012, p. 3).

The federal tax code defines craft beer by the size of the production unit. Prior to
1978, the federal excise tax on beer was $9.00/barrel. In 1978, Congress reduced the
levy on small brewers to $7.00/barrel for the first 60,000 barrels produced by brew-
eries with less than 2 million barrels in total annual sales. This was awindfall for craft
brewers. At the time, no one could imagine that someday a craft brewer’s output
would ever approach (much less exceed) the 2-million-barrel cap.

Another way of defining craft beer is to compare craft beer to what it is not: “Big
Beer” (or “MillCoorWeiser”), the beer produced by Anheuser-Busch InBev (ABI)
and MillerCoors, the two major producers of malt beverages in the United States.
ABI is the combination of the Belgian brewing firm InBev and Anheuser-Busch,
which it acquired in 2008. MillerCoors is a joint venture between Coors and
Miller, which took place in 2007. ABI’s flagship brand in the United States is
Budweiser (and the products and packages offered under that brand name).
MillerCoors has two major brands: Miller and Coors (and the products and pack-
ages offered under those names).3

ABI and MillerCoors combined had a share of the market (SOM) of beer sales in
the United States of 73% in 2013.4 By contrast, the craft beer segment has less than
10% of the domestic beer market (see Table 1). ABI andMillerCoors can be thought
of as producing a river of beer. According to this metaphor, the craft beer segment
produces a tiny stream. But that “tiny stream” needs to be put in perspective, because
craft beer is growing.5 Sales of beer with the Budweiser, Miller and Coors brands
have been flat or declining in recent years. To illustrate: from 2003 to 2013, ABI’s
SOM decreased from 49.6% to 45.6% of industry shipments; that of MillerCoors

2Microbreweries sell their output to a downstream vendor (i.e., a distributor or retailer); brewpubs are ver-
tically integrated and sell direct to the consumer at the production point (i.e., its restaurant or bar).
3For economic analyses that focus on Big Beer, see Elzinga (2009), Tremblay and Tremblay (2005, 2007).
For studies of Anheuser-Busch and Coors, see Baum (2000) and MacIntosh (2011). For recent economic
scholarship on the worldwide beer industry, see Poelmans and Swinnen (2011), Protz (2009), and Swinnen
(2011).
4Unless cited otherwise, all figures are taken either from the database developed for this study or from the
2014 Beer Industry Update, published by Beer Marketer’s Insights.
5ABI andMillerCoors have taken note. With the production of what some call “phantom brands,” the two
industry leaders have produced new brands that are marketed and priced as craft beer. Anheuser-Busch
started this in 1994 with its Elk Mountain Ale and later its Red Wolf brand. Miller established its
Plank Road Brewery subsidiary to focus on craft beer products. The most successful phantom brand
was developed by Coors: Blue Moon. One searches the Blue Moon label in vain for any reference to
this brand’s provenance as Big Beer.
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fell, from 29.1% to 27.0%; sales of Budweiser Light declined by 250,000 barrels; and
sales of Miller Lite fell by 2 million barrels. In contrast, shipments from the craft
segment leader, Boston Beer Company, increased from 1.2 million to 2.9 million
barrels (excluding cider) in the same period.

II. Leg 1: A Chronicle of Craft Beer

While Fritz Maytag represents the Schumpeterian innovator of craft beer,
three other brewers and three promoters of craft beer merit particular

Table 1
Number andMarket Share of Craft,Macro, and Import Suppliers in the United States, 1979–2012

Number Market Share

Year Macro Craft Craft Macro Imports

1979 42 2 0 97.4 2.6
1980 40 8 0 97.4 2.6
1981 38 10 0 97.1 2.9
1982 36 13 0 96.8 3.2
1983 35 14 0 96.5 3.4
1984 35 22 0 96.0 3.9
1985 34 37 0 95.6 4.3
1986 33 46 0.1 95.2 4.7
1987 32 91 0.1 94.9 5.0
1988 31 150 0.2 94.8 5.0
1989 29 215 0.2 95.2 4.6
1990 29 269 0.3 95.1 4.5
1991 28 322 0.4 95.4 4.2
1992 29 376 0.6 95.0 4.4
1993 29 461 0.9 94.3 4.9
1994 29 605 1.4 93.1 5.5
1995 29 977 2.0 92.0 6.0
1996 28 1,277 2.5 91.0 6.7
1997 28 1,447 2.5 90.1 7.4
1998 26 1,625 2.4 89.1 8.4
1999 24 1,553 2.5 88.5 9.0
2000 24 1,469 2.7 87.3 10.0
2001 24 1,474 2.7 86.6 10.8
2002 23 1,552 2.7 86.0 11.3
2003 21 1,609 2.7 85.7 11.6
2004 22 1,568 2.8 85.5 11.6
2005 21 1,558 3.1 84.5 12.5
2006 20 1,599 3.3 82.7 14.0
2007 19 1,615 3.7 82.3 14.0
2008 19 1,659 4.1 82.4 13.5
2009 19 1,717 4.3 83.4 12.4
2010 19 1,756 4.8 82.2 13.0
2011 19 1,976 5.6 81.1 13.3
2012 19 2,347 6.4 80.3 13.3
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mention. In addition, two chemists played important roles in the development of
craft beer.

Maytag had been a consumer of Anchor Steam Beer when he heard the firm was
going to go dark. The closure would mean the demise of the last brewery in the
United States producing what would now be called craft beer. Maytag bought
the assets of the Anchor Brewing Company in 1965. According to Acitelli (2013),
the firm had one employee at the time (p. 4), when Maytag began to learn the art
and science of brewing in order to resurrect the firm and undertake the task of mar-
keting the brand to on-premise accounts in the San Francisco Bay Area.6

While other craft brewers who followed Maytag made important contributions to
the development of the segment, Maytag deserves encomia for more than being the
first to establish a craft beer brewery.7 In addition to reviving steam beer, Maytag
brewed the first American India Pale Ale (IPA), “brought back traditional porter,
revived the custom of a spiced holiday beer, created the first American barley
wine, and brewed the first American wheat beer since Prohibition” (Fritz Bows
Out, 2010). Maytag also recognized at the outset that his small operation could
never match the cost efficiencies of modern, large-scale brewing facilities. To cover
high per-unit production and packaging costs, he knew that his beer would have
to sell at retail prices matching those of expensive imported brands. The task was
to brew beer that would be worth the candle. In the process, Maytag inspired
others to line up behind him. Eight important “others” are cited below in groupings
of three, three, and two.

A. The Early Brewers

If Jack McAuliffe had not been such an excellent welder, the craft beer segment
might be different today. McAuliffe took beer-making skills that he had developed
as a home brewer and combined them with his talent for welding, his training as
an engineer, and his experience as an electrician to form New Albion Brewing
Company in 1976, a little more than a decade after the start of Anchor Steam
Beer. Stimulating McAuliffe’s transition from home brewing to small-scale commer-
cial production was a visit to Maytag’s operation.

Having settled in Sonoma, California, McAuliffe was one of the first to recognize
the demand for craft beer as a drink to be paired with food, which was the business

6Anchor Steam Beer technically is a lager, but the recipe made it taste different than a lager. Acitelli de-
scribes it as having a “citrusy finish” and a “heavier ale-like mouthfeel” (2013, p. 5).
7Some argue that Anchor Brewing was not the first microbrewery because it was a revitalized brewery
rather than a new establishment. We think that this unduly undervalues Maytag’s contribution. For
example, by 1983 the success of Anchor Brewing caused over 100 individuals to contact Maytag for
advice about opening a new microbrewery. For further discussion, see Elzinga (2011) and Tremblay
and Tremblay (2005, pp. 114–115) .
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model of the wine industry that was all around him. He also demonstrated that
small-scale production could produce a product whose taste signature stimulated
the demand for craft beer. In doing so, McAuliffe influenced other craft brewers.
What economists call first-mover advantages did not work for McAuliffe. New
Albion exited the market in 1982. Several of those who learned from McAuliffe
enjoyed a second-mover advantage. Acitelli (2013) suggests that New Albion
failed because it was too small to be profitable (p. 76).

As a high school student, Ken Grossman encountered a book by Fred Eckhardt,
ATreatise on Lager Beers (1983), and began home brewing. A few years later, he was
teaching home brewing in Colorado. At this time, he visited the brewing facilities of
McAuliffe and Maytag and left with both inspiration and information. Gifted with
the same mechanical skills as McAuliffe, Grossman originally partnered with Paul
Camusi to found the Sierra Nevada Brewing Company in Chico, California,
which opened its doors in 1981. In 2014, the Sierra Nevada Company opened a
brewery far from the Sierra Nevada mountains: a 350,000 barrel facility near
Asheville, North Carolina. In 2013, the Sierra Nevada firm was the second-largest
craft brewer, with sales of almost 1 million barrels.

Jim Koch was born into a family with a brewing history but began his career at
the Boston Consulting Group, where his clients were anything but craft brewers.
His family urged him not to consider brewing as a livelihood—advice that he
took for a while and then rejected. Unlike McAuliffe and Grossman, Koch lacked
skills in cobbling together pipes and kettles, but he had management expertise and
experience when he founded the Boston Beer Company. Rather than build a craft
brewery from scratch, Koch adopted the business model of using the facilities of
an incumbent brewer (Pittsburgh Brewing Company) to produce craft beer to his
specifications. He essentially bought capacity at marginal cost. The irony that
Koch’s brand, Samuel Adams, was being brewed at a facility accustomed to
turning out the Iron City brand was not lost on some purists in the craft beer
movement.8

Eventually, the Boston Beer Company integrated vertically into brewing, but this
was after the Samuel Adams brand portfolio had become the best-selling craft beer
in the United States. The Boston Brewing Company’s output of almost 2.3 million
barrels in 2013 handily exceeded the cap for the tax exemption designed to aid the
craft beer segment, allowing Koch to join the Bloomberg Billionaires Index the fol-
lowing year.

8The Boston Beer Company is not alone in the craft segment to use contract brewing. Schlafly cleverly
markets itself as the “largest American-owned Brewery in Missouri”—following Anheuser-Busch’s acqui-
sition by InBev. But while Schlafly in bottles is produced in Saint Louis, Schlafly in cans is brewed and
packaged under contract with the Stevens Point Brewing Company in Wisconsin.
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B. The Early Promoters

If FritzMaytag was the John the Baptist of craft beer—avoice crying in thewilderness—
three individuals brought the message of craft beer to a much broader audience. They
did so not by starting craft breweries, as had been done by Maytag, McAuliffe,
Grossman, and Koch. Instead they stimulated the demand for craft beer. The three
who merit mention are Fred Eckhardt, Charles Papazian, and Michael Jackson.

The stimulation of demand for craft brewing was achieved through the dissemina-
tion of information about (1) home brewing, which weaned many beer consumers
away from the lager products of Big Beer; (2) craft beer production; and (3) beer
as a serious consumption good to be paired with food, rather than as a liquid that
quenched thirst on a hot day or offered an inexpensive buzz.

Home brewing remains such an important introduction to the purchase of com-
mercially produced craft beer that the Brewers Association (the trade association
for craft brewers) promotes the American Homebrewers Association. One can
hardly imagine Nike promoting the art and craft of making sports shoes at home.

After a visit to Maytag’s brewery, Fred Eckhardt began to brew craft beer at home
that was designed to mimic the quality of Anchor Steam. In addition to home
brewing for his own consumption, Eckhardt taught home brewing to others and
out of this came his book, A Treatise on Lager Beers, published in 1970 (which
influenced Ken Grossman). Thousands of copies of this book were sold; the wide-
spread practice of home brewing led in turn to the reversal of many state laws
(rarely enforced) that banned home brewing. We are unaware of any U.S. industry
in which home production led to more commercial start-ups than took place in
craft beer. Those who engaged in home brewing changed their beer preferences;
they became more likely to select brands of craft beer when consuming on
premise. Home brewing acquainted many consumers with the flavors and organolep-
tic qualities of different kinds of beer. It also led pioneers like JimMcAuliffe and Ken
Grossman to begin their own commercial ventures.

Like Eckhardt, Charles Papazian was not a producer of craft beer but, rather, a
promoter of the product that others were commercially producing. He founded
the American Homebrewers Association and also wrote about home brewing.
While Eckhardt’s book was called a treatise, Papazian’s book was titled The
Complete Joy of Homebrewing (1984). Papazian also began Zymurgy, a magazine
that was both a how-to and a paean to home brewing.9 Those who joined the
American Homebrewers Association or became subscribers to Zymurgy developed
tastes for beers that made them customers of the craft beer segment. It also made
them apostles of craft beer to their friends; those who did not home brew became
customers of those who brewed commercially.

9Zymurgy is the process of yeast fermentation. Zymurgy was not the first periodical devoted to home pro-
duction of beer. Eckhardt’s Amateur Brewer preceded Zymurgy.
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The first issue ofZymurgywas published in 1978, the same year in which Congress
decriminalized the brewing of beer at home. Prior to 1978, home brewers and pro-
moters of home brewing had no reason to fear raids on their houses by federal au-
thorities. But the demise of this legislation left over from Prohibition was a social
signal that the home production and consumption of beer had no taint of illegality.

Papazian’s organization of the Great American Beer Festival, first held in 1982 in
Boulder, was a harbinger of craft beer promotion. People came to sample beer and
paid to do so. The beer festival was an eye opener for city officials because social
events centered on craft beer did not turn into drunken brawls or occasions for mu-
nicipal property damage. This was consistent with what Papazian observed when he
was a University of Virginia college student experimenting with homebrewed beer:
students who drank craft beer “got happy, not stupid” (Acitelli, 2013, p. 56).

The Great American Beer Festival and its progeny were not like college spring
breaks at beachside cities. Beer festivals brought people from out of town with discre-
tionary income to be spent not only on craft beer but also restaurants and lodging.
Today, no city would turn down an application for a beer festival. Indeed, a small
industry has sprung up to organize and promote these festivals.

The writer Michael Jackson became to beer what Robert Parker Jr. was to wine.
Jackson’s book, The World Guide to Beer (1988), was the first to reach a broad au-
dience about the tastes of different beers. Commenting on the phenomenal sales of
Jackson’s book, Acitelli describes Jackson this way: “Beer in the twentieth century
had its piper” (2013, p. 47). Although Jackson’s book was not about the still-
nascent craft beer industry in the United States (the book was published at about
the same time that McAuliffe was starting the New Albion Brewing Company),
Jackson did give favorable mention to Maytag’s Anchor Steam Beer company.10
Jackson’s writings acquainted millions of readers with what he called the “beer
style”—beers from Asia, Europe, and the Caribbean were discussed and explained.
At the time that American readers were coming to understand beer other than Big
Beer, the craft segment was starting to ramp up in order to provide this beer.
Jackson, whose reputation was worldwide, occasionally contributed to Zymurgy
and wrote a preface to The Complete Joy of Homebrewing.

The craft beer segment in the United States would not be what it is without
Jackson’s influence as an informant about the vast multiplicity of beers that were
being brewed and, starting with Fritz Maytag, came to be brewed in the United
States to satisfy curious or intrepid consumers.11

10“No beers in the United States are more idiosyncratic than those produced by the Anchor Steam
Brewing Company of San Francisco… . The smallest brewery in the United States has added a whole
new dimension to American brewing” (quoted in Acitelli [2013, p. 48]).
11 Jackson has been described as “the most famous and influential beer writer ever—perhaps the most
influential food writer on any subject of the twentieth century” Acitelli (2013, p. 46).
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C. The Brewmeister

In addition to the three brewers and three promoters just described, two other
individuals played an important role in the craft beer segment, though they were
not entrepreneurs and never operated a craft brewery. One was a professor,
Michael Lewis, and the other was a brewer-consultant, Joseph Owades. Both were
technically trained and scientifically versed in the application of chemistry to
brewing. Both profoundly affected the impetus toward craft brewing in the United
States.

In 1970, Lewis was hired as a professor of brewing science at the University of
California Davis (Acitelli, 2013, pp. 21–22). He was technically trained in microbi-
ology and biochemistry. Lewis knew brewing was an art, but he also knew it was a
science. The timing and location of his academic appointment was fortuitous. Five
years earlier, Maytag had purchased Anchor Steam Brewing, not far away, in
San Francisco. Lewis offered McAuliffe technical advice on how to start a craft
brewing operation. Later, Lewis left UC-Davis to teach the science and production
of craft beer on site at the New Albion Brewery Company.

Joseph Owades is a brewmeister of high repute in both Big Beer and craft
beer. Associated with the Center for Brewing Studies, Owades was influential in
the chemistry that produces light (or reduced-calorie) beer. Miller Lite, Bud Light,
and Coors Light became the heavyweight brands at MillCoorWeiser. This alone
would put Owades in a beer industry hall of fame. But on the craft side of the
street, Owades also had an important role. First, he was a consultant to Maytag.
Second, he is credited with the idea of a virtual brewery to serve the craft sector
(Acitelli, 2013, pp. 94–95). Owades counseled Matthew Reich (at the Old
New York Brewing Company) to engage in contract brewing with a large, regional
brewer that had excess capacity. The beer would be brewed in accordance with the
Reich/Owades recipe. But Reich would not have to come up with the economic re-
sources to finance the capital equipment. Under this business model, a craft
brewer could sell his beer at marginal cost.

As mentioned earlier, the contract beer business model turned out to be a bonanza
for Jim Koch and the Boston Beer Company, which became the largest craft brewer
before ever owning a piece of capital equipment. Owades also was influential in de-
signing the brewing recipe for the Samuel Adams brand, for which he became an
equity owner in the Boston Brewing Company. After Maytag, all things considered,
Owades is the most influential person in craft beer.

D. A Footnote on Capital Equipment

The production function for beer entails the economist’s traditional triad of land,
labor, and capital. The “land” constitutes such inputs as the grain and hops that
go into the brewing process. The human input, in addition to the entrepreneur
who starts the firm, consists of employees who see to it that the beer is brewed
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and packaged and then put into distribution. Capital equipment consists of storage
facilities for natural ingredients, the vats needed for the brewing process, and the
packaging equipment (for kegs, bottles, and, increasingly, cans).

In the early days of craft brewing, notably during the 1970s, an impediment to new
entrants was the absence of a market for capital equipment. New entrants had to
build or cobble together equipment to brew in small batches. Producers of
brewing equipment at the time were geared up to meet the demand of Big Beer.
An efficient modern packaging with a line speed of over 1,000 bottles or cans per
minute is of no use to most craft brewers. For example, Schlafly uses a 16-valve
filler that runs at 100 bottles per minute.

Absent a mature market for capital equipment, the early craft brewers regularly
used machinery and equipment from other industries and adapted it to brewing
and packaging malt beverages. As mentioned, Jack McAuliffe was a skilled
welder, a talent that enabled him to build equipment not available in the marketplace.
He refabricated equipment from dairy farms and put his welding skills to work fab-
ricating 55-gallon metal drums into vats and kettles for his New Albion facility
(Acitelli, 2013, pp. 43–44). Early craft brewers often swapped ideas about how to
gather the necessary capital equipment to brew and package their output. All this
has changed. Today a craft brewer can purchase turnkey canning equipment that
runs from 50 to 250 cans per minute (CPM).12

The “Business of Beer Issue” Edition of The New Brewer (2014) illustrates the
development of an organized capital equipment market serving new and incum-
bent craft brewers. Numerous vendors for malt, brewhouse technology, labeling
equipment, and other services reveal that it is no longer necessary for a new
entrant to have skills as a welder, plumber, and electrician to be a craft brewer
or, absent these skills, find a large brewer with excess capacity. The trade show
sponsored by the Brewers Association now has over 400 exhibitors; in 2014, it at-
tracted over 9,000 attendees (15% of which were international) (Beer Marketer’s
Insights, 2014). An aspiring entrant could now order a turnkey plant to produce
craft beer.

III. Leg 2: The Statistics of Craft Beer

This section uses our database to trace craft beer’s economic trajectory from 1979 to
2012. The database measures the growth of craft beer in terms of the number of pro-
ducers, the changing structure of the segment, and how the growth of craft beer
stacks up against alternative beer products. The database is also used to estimate
the influence of particular variables on the growth of the segment.

12JV Northwest merits citation as a supplier that developed scaled-down capital equipment for the craft
segment, but no firm has a monopoly over any input, whether land, labor, or capital.
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As shown in Table 1, after the pioneering endeavor of Fritz Maytag in 1965, the
follow-on rate was slow. By 1983, the United States had only 14 craft brewers, count-
ing brewpubs and contract brewers (half of them in California). The explosive
growth in new entrants had not yet happened. As mentioned in Section II, only a
handful of individuals were “present at the creation.” But as craft beer became
more established in the second half of the twentieth century, those who followed
now number in the thousands. They added new taste signatures, new packaging
(e.g., Pete’s Wicked Ale was canned in the mid-1990s, but cans were accepted
more generally in the craft segment a decade later), and, as we show, much more geo-
graphic dispersion in supply.

We begin our statistical description of the segment by the simplest of metrics: the
number of brewers over time. Figure 1 compares the number of craft brewers with the
number of big beer or macro beer producers from 1947 to June 2013. The number of
macrobrewers declined steadily during the period. The reasons for this pattern of exit
include advertising wars and scale-augmenting technological change that was rein-
forced by the homogenization of American beer from the 1950s to the 1970s
(Elzinga, 2009; Tremblay and Tremblay, 2005). Brewers who produced large quanti-
ties of beer were able to take advantage of economies of scale. The scale and market-
ing advantages of the larger macros led to the ultimate demise of most of the smaller
regional brewers of traditional lager beer. There were 421 macros in 1947; only 20
remained by 2006, one of the most dramatic transformations of an American indus-
try on record.

By 1985, the number of craft brewers (37) exceeded the number of macrobrewers
(34). From the mid-1980s to the mid-1990s, the number of craft brewers increased
exponentially. Figure 2 plots the annual growth rate of the number of craft
brewers and shows a rate of more than 16% from 1984 to 1996.

Rapid growth came to an end in the late 1990s, when the craft segment experienced
a shakeout. The number of craft brewers declined by approximately 10%, from 1,625
in 1998 to 1,469 in 2000. The primary reasons for the decline were distribution
bottlenecks and the production of poor-quality products by brewers who rushed to
enter the market in the mid-1990s (Tremblay and Tremblay, 2005, 2011). At the
time, it was trendy to be in the craft beer business, but achieving consistent
product quality required serious brewing skills. After the decline, the number of
craft brewers remained relatively constant until 2010, when it began to climb
again. Craft brewers numbered 1,750 in 2010 and 2,483 by June 2013.

Continued entry has influenced the overall structure of the craft segment. Figures
3 and 4 depict the national four-firm concentration ratio and the Herfindahl-
Hirschman index (HHI) of craft brewers. Although the market is regional and not
national, these figures still provide interesting information: continued entry
reduced overall concentration. In 1979, the four-firm concentration ratio was
100%. Since the late 1980s, the four-firm concentration ratio has remained at
about 40%, and the HHI has been less than 1,000.
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Figure 2

Percentage Change in the Number of Craft Brewers, 1981–2012

Source: Elzinga-Tremblay-Tremblay Database.

Figure 1

Number of U.S. Macro and Craft Brewers, 1947–2013

Sources: Elzinga-Tremblay-Tremblay Database; the Office of R. S. Weinberg; Brewers Almanac, 1979–1988.
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Figure 3

U.S. Craft Beer: Four-Firm Concentration Ratio, 1979–2012

Source: Elzinga-Tremblay-Tremblay Database. F
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Figure 4

U.S. Craft Beer: Herfindahl-Hirschman Index, 1979–2012

Source: Elzinga-Tremblay-Tremblay Database.
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One reason for the early success of the craft segment is the homogenization of the
lager beer produced by the macrobrewers. Beginning in the 1950s, the macros began
to produce lighter and lighter styles of beer.13 This culminated in 1974, with Miller’s
successful introduction of Miller Lite, which had a third fewer calories and 10–15
percent less alcohol than traditional macro lager beer. Miller Lite was such a remark-
able success that all the major macrobrewers soon followedwith their own brands of
light beer.

The growth in the market share of the light beer segment is often overlooked
because of the growth of the craft beer segment and the publicity it has received.
But light beer represents a parallel transforming event in the industry. Light beer
began with a 0.4% share of the market (SOM) in 1984, which grew to 22% in
1985 and 43% in 2000 (Tremblay and Tremblay, 2005, pp. 138–139). The Miller,
Coors, and Budweiser brands were so similarly reduced in alcohol and caloric
content that one brand was nearly indistinguishable from another, thus the designa-
tion MillCoorWeiser.

Because the macros bet on consumers who preferred milder beer, the door was
opened for craft brewers, who produced darker lagers and ales (which include
light ales, porters, and stouts). Imported brands also benefited from the homogeni-
zation of macro beer, especially the darker lagers and ales from the United Kingdom.
Imported beers in these styles are close competitors with craft beers.

Figure 5 plots the SOM of the craft and import segments of the U.S. beer market.
Before 1970, the share held by imports was less than 0.7%. Craft beer production was
inconsequential. Over 99% of the beer consumed in the United States was the tradi-
tional lager beer from the macros. Imported and craft beer gradually gained in pop-
ularity, causing macros’ share to fall to 80% by 2012. The consumption of imported
beer rose first, because the only darker beers available in most parts of the country
were imported. By 1988, imports’ SOM reached 5% for the first time.

Although many new craft brewers entered the market in the 1980s, they had very
small operations. From 1986 to 1995, total beer demandwas fairly constant, ranging
from 188 million to 190 million barrels. In 1986 the craft segment accounted for less
than 0.6% of the total. By contrast, that year, Anchor Brewing produced 38,000
barrels. Of the remaining 90 craft brewers, none produced more than 10,000
barrels. As the expression goes, they were indeed “small beer.”

But by 1995, the number of craft brewers had increased to 977, and the scale of the
leading craft brewers had increased substantially. The larger craft brewers, such as
Sierra Nevada and Anchor, produced 200,000 and 103,000 barrels, respectively.

13Tremblay and Tremblay (2005) provide several reasons for the homogenization of macro beer.
Consumer demand for lower-calorie foods and beverages increased in the 1950s and 1960s. In addition,
changes in technology and the advent of national television advertising gave an advantage to mass produc-
ers that brewed large quantities of a single style of beer.
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The two largest contract-craft brewers, Boston and McKenzie River, produced
948,000 and 490,000 barrels, respectively. The SOM of the craft segment reached
2% by 1995 and experienced very little growth during the shakeout of the late
1990s, but has grown rapidly since 2005. By 2012, the SOM was 13.3% for
imports and 6.4% for craft beer. If one had read only the popular press about the
beer industry, one would guess that these figures were reversed. But craft continues
to be in the shadow of imports, in large part because of the success of imports from
Mexico.

Although the SOM of the craft segment was small in the 1990s, its continued
growth gained the attention of the macrobrewers. In response, the major macros
entered the craft segment through acquisition. Anheuser-Busch acquired a partial
share of the Redhook Brewing Company in 1994 and the Widmer Brothers
Brewing Company in 1997. Miller purchased a partial interest in the Celis and the
Shipyard brewing companies in 1995. This arrangement gave the craft brewers
access to broader distribution networks, but linking with a major corporate
brewer did not sit well with consumers who preferred to buy locally produced
beer. Debra Tropp (2014) provides several reasons some consumers prefer to pur-
chase locally produced food: it has purportedly higher quality, doing so supports
local business, and its production involves less use of fossil fuels.

Another response by the macros to the growth of the craft segment was to intro-
duce their own craft style brands but market them without the macrobrewery’s name
on the packaging. In the 1990s, pale versions of craft style beer were introduced by

Figure 5

U.S. Import and Craft Beer: Market Share, 1970–2012

Sources: Elzinga-Tremblay-Tremblay Database; Brewers Almanac, 1970–2012.
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Anheuser-Busch under the Elk Mountain name, Miller under Plank Road, and
Coors under Blue Moon. Known as “phantom” or “faux” craft beers, these products
are not generally accepted by consumers as legitimate craft beers.14 The notable ex-
ception is Blue Moon, which has annual sales of over 1 million barrels.

The homogenization of macrobrewery beer is only one reason for the early success
of craft (and imported) beer (Tremblay and Tremblay, 2011). Another is the con-
tinued growth in personal income. A 2009 survey of beer drinkers found that
high-income consumers are more likely to buy craft beer (Beer Marketer’s
Insights, 2010, pp. 310–318). For these consumers, growing personal income
increases the demand for craft beer.

In addition, growth in personal income increases consumer demand for
variety (Silberberg, 1985). The homogenization of big beer provoked some
consumers to search for new styles and taste signatures in beer. Carroll and
Swaminathan (2000) argue that greater economic prosperity increases consumer
demand for locally produced products. Craft beer attempts to identify itself as
locally produced.

Small-scale production comes at a cost because there are substantial economies
of scale associated with beer production and packaging. Nevertheless, local brewers
have lower transportation costs and, although the evidence is not clear, may pay
lower wages as well. We are not aware of any craft brewers whose labor force
is unionized.

Changes in laws and regulations also have contributed to craft beer growth. Or, to
put it differently, laws and regulations that once would have thwarted the growth of
the craft beer segment are being whittled away, albeit slowly.15 With respect to this
topic, tax rates favorable to craft brewers occupy center stage.

At the national level, the 1977 change in the excise tax rate on beer gave a sizable
tax break to smaller brewers. In 2001, taxes account for about 5% of the cost of
goods sold for the average small craft brewer and nearly 30% for the macrobrewers
(Tremblay and Tremblay, 2005, pp. 118–119). At the state level, 15 states gave a tax
break to smaller brewers (Brewers Almanac, 2009).16 Another factor is the legaliza-
tion of home brewing. The art of making good beer requires experience, and most
early craft brewers gained experience from home brewing. On October 14, 1978,
President Jimmy Carter signed a bill that made home brewing legal, effective

14Keeping this information from consumers is more difficult today, because there are many Internet sites
on beer that reveal a brand’s parent company.
15Craft brewer Steve Hindy’s Opinion piece in theNew York Times (2014) illustrates the frustration in the
craft segment with particular state regulations.
16They are Alaska, Iowa, Kentucky, Michigan, Minnesota, Montana, New Mexico, New York, Ohio,
Pennsylvania, Rhode Island, Texas, Washington, Wisconsin, and Wyoming.
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February 1, 1979. Both the tax break and the legalization of home brewing facilitat-
ed the birth of the craft segment.

Changes in state laws and regulations also aided the craft segment. Although
federal law made home brewing legal in 1979, states still retained the right to limit
alcohol production and consumption. For example, Bert Grant opened the first
brewpub in Yakima, Washington, in 1981, not realizing it was illegal at that time
because his business model violated the three-tiered distribution system required
by that state’s codes (Acitelli, 2013, pp. 84–85). The Washington State legislature le-
galized brewpubs in 1982, in view of the public support for doing so and the realiza-
tion that the brewer-independent distributor-independent retailer regulatory model
made brewpubs per se illegal. This induced other states to follow suit, as seen in
Table 2. Continuing differences remain as to how states treat craft beer, and they
are addressed in Section 3.

IV. Leg 3: The Geography of Craft Beer

In this section, our database on brewers and their locations is used to visualize and
then analyze the geographic footprint of craft beer in the United States. The database
is integrated into Geographic Information Systems (GIS) software to show the
uneven spread of craft beer from its taproot in San Francisco to other areas with eco-
nomic importance.

Figure 6 shows that craft beer production has spread across the United States. The
maps in Figure 6 categorize states by production levels in 1980, 1985, 1990, 2000,
2010, and 2012.17 Recall that craft beer originated in California, where 97% of
craft beer was produced in 1980. Only one brewer was outside the state, Boulder
Brewing of Colorado, but this firm also had roots in California. Its founder,
Rudolph Ware, learned about home brewing while growing up in South Pasadena,
and he started Boulder Brewing in 1980, while he was a graduate student at the
University of Colorado (Acitelli, 2013, p. 73).

As the maps in Figure 6 indicate, craft beer production moved sequentially into
the Pacific Northwest, the Northeast, and then the upper Midwest. By 1990, six
states had production of more than 10,000 barrels of craft beer: California
(156,000), Oregon (51,000), Washington (50,000), Wisconsin (46,000),
Massachusetts (16,000), and Colorado (11,000). Maps for later years reveal that
craft brewing was slow to move into lower Midwestern and Southern states. Not
until 2001 was craft beer being brewed in every state.18

17 In this section, our goal is to understand the entry of new production facilities. Thus, we ignore craft beer
that is produced under contract by a macrobrewer.
18 It might appear that the more populated states are producing more beer. Production per capita may have
made sense early on but not today. Early on, when craft producers were neighborhood producers, produc-
tion and consumption were tightly linked. But with the large craft producers, such as Boston, production
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Table 2
Year Brewpubs Became Legal by State

Ordered by State Ordered by Year Brewpubs Became Legal

Alabama 1992 Washington 1982
Alaska 1988 California 1983
Arizona 1987 Oregon 1983
Arkansas 1991 New York 1984
California 1983 Kentucky 1985
Colorado 1988 New Mexico 1985
Connecticut 1989 North Carolina 1985
Delaware 1991 Virginia 1985
District of Columbia 1991 Massachusetts 1986
Florida 1987 Ohio 1986
Georgia 1995 Wisconsin 1986
Hawaii 1994 Arizona 1987
Idaho 1987 Florida 1987
Illinois 1987 Idaho 1987
Indiana 1993 Illinois 1987
Iowa 1988 Kansas 1987
Kansas 1987 Maine 1987
Kentucky 1985 Minnesota 1987
Louisiana 1989 Alaska 1988
Maine 1987 Colorado 1988
Maryland 1988 Iowa 1988
Massachusetts 1986 Maryland 1988
Michigan 1992 Nebraska 1988
Minnesota 1987 New Hampshire 1988
Mississippi 1999 Pennsylvania 1988
Missouri 1990 Utah 1988
Montana 1999 Vermont 1988
Nebraska 1988 Connecticut 1989
Nevada 1991 Louisiana 1989
New Hampshire 1988 Missouri 1990
New Jersey 1993 Arkansas 1991
New Mexico 1985 Delaware 1991
New York 1984 District of Columbia 1991
North Carolina 1985 Nevada 1991
North Dakota 1991 North Dakota 1991
Ohio 1986 South Dakota 1991
Oklahoma 1992 Tennessee 1991
Oregon 1983 West Virginia 1991
Pennsylvania 1988 Alabama 1992
Rhode Island 1992 Michigan 1992
South Carolina 1994 Oklahoma 1992
South Dakota 1991 Rhode Island 1992
Tennessee 1991 Wyoming 1992
Texas 1993 Indiana 1993
Utah 1988 New Jersey 1993
Vermont 1988 Texas 1993
Virginia 1985 Hawaii 1994

Continued
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A similar geographic pattern emerges by examining the number of craft brewers
rather than production by state. Figure 7 plots the number of brewers from Pacific
states, which include the earliest entrants (California, Oregon, and Washington)
and Southern states, where entry lagged the rest of the country (Alabama,
Kentucky, Mississippi, and Tennessee). The plots reveal a striking difference. As
early as 1996, every Pacific state had more craft brewers than any of the Southern
states during the sample period.

The geographic distribution of craft beer production appears anything but
random, raising the question: What caused the geographic clustering of economic
activity in craft brewing, a topic within the field of economic geography?19

Contagion, clustering, and industrial lifecycle models provide insight into the
success of craft brewing in Northern California. The basic idea is explained by
Frenken et al. (2011) in their survey of economic geography: “even though the loca-
tion of a new industry can be sensitive to the random location of exceptional entre-
preneurs … , chance still favors the prepared region.”

Ground zero was Maytag’s Anchor Brewing in San Francisco, but why? Acitelli
(2013) documents that Maytag had the human and financial capital to run an
efficient microbrewery. But his success also depended on location. He happened
to be a graduate student at Stanford University in the 1960s, a time when
Northern California was ready for craft brewing. Small boutique wineries had
proven successful in Northern California, and there was no reason to think that bou-
tique breweries could not do the same (at least in hindsight, when vision becomes
much improved).

At the time, a disproportionate number of Californians were brewing homemade
beer. The notable example was Ken Grossman of Sierra Nevada, who not only made
his own beer but owned a home brewing store in Chico, California, several years

Table 2
Continued

Ordered by State Ordered by Year Brewpubs Became Legal

Washington 1982 South Carolina 1994
West Virginia 1991 Georgia 1995
Wisconsin 1986 Mississippi 1999
Wyoming 1992 Montana 1999

per person (e.g., in Massachusetts) is not as relevant as total production, which crosses state lines. The
correlation between the state rank in production and the state rank in per capita production is 82%.
(See Appendix Table.)
19For a review of this literature, see Frenken et al. (2011), Fujita andMori (2005), Krugman (1998, 2011),
and Neary (2001).
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before home brewing became legal (Acitelli, 2013, p. 68). Most home brewers made
darker or heavier-style beers and ales, suggesting that a demand for variety existed, at
least among some Californians. Thus, it was fortuitous that Maytag started his craft
brewery in San Francisco, rather than another part of the country. He was, as the
saying goes, in the right place at the right time.

Home brewing was illegal from Prohibition until 1979, making it difficult for in-
dividuals to learn how to brew beer on a small scale. This forced early home brewers
and subsequent small craft brewers to learn the art of brewing by trial and error and
from each other. It is common for entrepreneurs to start a new business close to
home (Costa and Baptista, 2012). Because many home brewers in California and
Anchor were located in San Francisco, it offered greater brewing experience, more
learning opportunities, and geographic charisma in this region of the country.
Many early entrants clustered near Anchor Brewing to learn the art of craft
brewing from Maytag. As mentioned in Section I, several of the pioneers in craft
brewing were in geographic proximity to Maytag’s operation, visited his facility,
and learned (and received encouragement) from him.

In the long term, the location of production facilities is a strategic decision. After
home brewing was legalized and the success of microbreweries became well known
by the mid-1980s, why did entry occur in the Pacific, Northeast, and upper Midwest
before other parts of the country?

Only three papers have been devoted to entry into the U.S. brewing industry.
Manuszak (2002) investigated firm entry into small Western cities in the late

Figure 7

Number of Craft Brewers in Pacific and Southern States, 1990–2012

Source: Elzinga-Tremblay-Tremblay Database.
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1800s. He found that population was an important determinant of the number of
competing brewers in a city and that competition increased with the number of
brewers. Swaminathan (1998) examined the causes of entry into the brewing industry
from 1939 to 1995. Finally, Carroll and Swaminathan (2000) investigated reasons for
the microbrewery movement using industry data from 1939 to 1997.20

We use regression analysis to further explore the influences on craft beer produc-
tion and the number of craft brewers at the state level from 1980 to 2012.21
Specifically, we use Tobit estimation for production and negative binomial estima-
tion for the number of brewers.22 The empirical models include a number of
demand variables. The first is consumer income. Because craft beer is relatively ex-
pensive, one would expect craft breweries to locate and produce in states with higher
incomes. The second is population. Demandwill be higher (and transportation costs
accordingly lower) when the firm locates in a region with a higher number of con-
sumers. Third, in the case of beer, demand is strongly affected by age. A 2009
survey found that, on average, young adults (in their twenties and early thirties)
prefer lighter beer styles, and older adults prefer darker beers and ales (Beer
Marketer’s Insights, 2010, pp. 310–318).23

In addition, state governments can influence craft brewer production and
location by affecting the cost of doing business through excise taxes and state
regulations.

20A concern with the work of Carroll and Swiminathan is that they use data going back to 1939, thereby
mixing entry of macro- and microbrewers. A central goal of Carroll and Swaminathan (2002) and
Swaminathan (1998) is to test the theory that an increase in industry concentration will induce greater
entry of specialist organizations. They find evidence of a positive correlation between the national level
of industry concentration and entry rates, but this need not imply causation. Over time, increasing econ-
omies of scale may have caused concentration to rise, and economic growth may have opened up smaller
local markets in brewing, making it appear that concentration causes the entry of craft beer producers.
Carroll and Swaminathan also control for imports but use imports at the national level whereas state-
level data would be more appropriate. In any event, they do not find that imports reduce entry.
21 Ideally, one would use a measure of expected profitability to determine location, as in Berry and Reiss
(2007). Because most craft brewers are privately owned, the only available information at the firm level is
location and annual production levels. We begin our analysis in 1980 because there was only one craft
brewer from 1965 until 1979, when two more entered. In specifications discussed below, one-year
lagged variables are used that cannot be formulated for 1979.
22We thank Ian B. Page, University of Maryland, for suggesting the Tobit estimator.
23 It would also be useful to include supply variables, but finding accurate measures of relevant supply var-
iables is more problematic. When the craft segment began, it was costly to acquire brewing skills and find
suitable brewing equipment. Most early entrepreneurs learned from illegal home brewing and had to fab-
ricate their own brewing equipment, as discussed above. This changed rapidly after the success of craft
brewing became apparent. Education programs designed to serve microbrewers were established at the
University of California at Davis and Oregon State University. The first company to manufacture
brewing equipment for small brewers was JV Northwest in 1981. The extent to which firms built their
own equipment and the cost of the materials used is difficult to identify across states over time. We
control for these factors with time period dummy variables and government regulatory variables.
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Strategic effects can also explain the location choices of craft beer producers. On
the one hand, locating near competing beer producers may lead to more severe price
competition. On the other hand, locating near other brewers can generate positive
spillovers. Marshall (1920) argued that such positive effects can come in the form
of gains from having access to a larger pool of inputs (e.g., specialized labor) and
from knowledge spillovers. To account for the potential effect of nearby craft
firms and craft production, spatial lag variables are included in the empirical
models.24 The first relates to craft production for state i in a given year t and is
defined as:

spatial ! prodit ¼
Xk!1

j¼1
prod jt=distanceij ∀j ≠ i ð1Þ

where distanceij refers to the distance from the centroid of state i to the centroid of
state j, and K is the number of states. Production weighted by inverse distance is
summed over all other states. The second spatial lag variable relates to number of
craft brewers and is defined as:

spatial ! firmsit ¼
Xk!1

j¼1
number of firms jt=distanceij ∀j ≠ i ð2Þ

The spatial-prod variable may better capture the competition effects of other
brewers—that is, the amount of craft beer produced nearby. The spatial-firms
variable may better capture the knowledge spillovers and what we call the exuber-
ance effect of having peers nearby. The use of spatial variables is not without contro-
versy.25 As a result, models are estimated with and without the spatial terms.

The data set consists of 50 states and the District of Columbia from 1980 to 2012
for a total of 1,683 observations.26 Data sources are listed in the online supplemen-
tary data appendix. Production and spatial-prod are measured in 10,000 31-gallon
barrels. Independent variables include real per capita disposable income (in thou-
sands of 1982 dollars), population in millions, median age, and total (federal plus
state) excise taxes per barrel in real terms (1982 dollars). Brewpub laws are represent-
ed by a dummy variable (Dbrewpub), which equals 1 if brewpubs are legal in the state
in a given year and 0 otherwise. Brewpub legality is a proxy for a state’s overall reg-
ulatory control of craft brewing. Summary statistics for the variables are listed in
Table 3.

The production models are estimated using Tobit analysis, which is appropriate
when the data consist of a large number of zeros and normally distributed

24For a recent application to the wine industry, see Yang et al. (2012).
25See, for example, Gibbons and Overman (2012).
26When the spatial terms are included, the sample is limited to the continental United States, and there are
1,617 observations.
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nonzero observations.27 The number of firms is a count variable, and negative bino-
mial regression will be used to estimate the models of firm numbers.28

The production regressions are reported in Table 4. In Model 1, Tobit parameter
estimates on income, population, age, taxes, and the brewpub dummy variable all
have the expected signs and are significant at 1% or better. Higher state income,
population, median age, and brewpub legality are predicted to increase production

Table 3
Variable Definitions and Summary Statistics, State-Level Data, 1980–2012

Mean
Variable Description Min (Std. Dev.) Max

Dependent
Variables
Prod Craft beer production (in 10,000 31-gallon barrels) 0 8.283 364.717

(27.247)
N Number of craft brewers 0 12.838 279

(24.700)
Independent
Variables
Inc Real per-capita disposable income (in thousands of

1982 $)
7.381 13.187

(2.769)
28.112

Pop Population (in millions) 0.405 5.284 38.041
(5.875)

Age Median age of the state’s population 24.2 34.248 43.5
(3.144)

Tax Real federal plus state excise tax on craft beer per
barrel (1982 $)

3.753 12.006
(7.497)

72.004

Dbrewpub = 1 if state allows brewpubs; = 0 if brewpubs are
illegal

0 0.723
(0.448)

1

Spatial-prod Weighted craft beer production in all other U.S.
states. For state i and other state j, the weight equals 1
divided by the distance from the center of state i to
the center of state j (in 10,000 31-gallon barrels)

0.004 34.512
(49.145)

511.699

Spatial-firms Weighted number of craft brewers in all other U.S.
states. For state i and other state j, the weight equals 1
divided by the distance from the center of state i to
the center of state j.

0.071 51.650
(52.438)

312.599

Note: Production excludes contract brewing. The number of observations is 1,683, which includes the 50 states and the District of Columbia,
with the exception of the spatial-prod and spatial-firms variables, which have 1,617 observations (Hawaii and Alaska are not included because
the distance is too great to form a reasonable weight variable).

27Although Tobit models are often used for censoring problems, they need not be; Tobits can be used just
to improve fit over ordinary least squares (Wooldridge, 2009).
28This is appropriate for count data when there is overdispersion in the model. See Cameron and Trivedi
(2010) andWooldridge (2010, ch. 18) for discussions of count data models. For informative applications of
negative binomial models, see Swaminathan (1998) on the founding of new firms in craft brewing and
Jacob and Lefgren (2003) on juvenile crime.
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while higher taxes appear to reduce production, all else being equal. In addition to
these variables, Model 2 contains the spatial variables. The results are consistent
with Model 1, except that the income parameter loses significance. The parameter
estimates on the spatial variables are significant at 1% and opposite in sign. The
negative sign on spatial-prod may indicate that nearby production reduces
output, perhaps due to increased competition. The positive sign on spatial-firms
implies that brewers are more likely to congregate where more firms that
produce similar products are nearby. This is consistent with the presence of knowl-
edge spillovers.

Negative binomial regression estimates of the determinants of number of craft
brewers in a state for a given year are shown in Table 5.29 In both Models 3 and
4, all parameter estimates have the expected signs and are significant at 1% or
better.30 Estimates indicate that states with higher incomes, larger populations,
older citizens, lower taxes, and legalized brewpubs are likely to have more craft
brewers, all else being equal. The interesting sign pattern of the spatial variable

Table 4
Tobit Estimates of State-Based Panel Models of Craft Production, 1980–2012

Variable Model 1 Model 2

Constant −121.447* −101.630*
(7.229) (6.802)

Real disposable income per capita (in 1,000s of 1982 $) 1.280* 0.066
(4.286) (0.169)

Population (in millions) 2.063* 2.250*
(9.492) (9.769)

Median age 2.336* 2.104*
(5.084) (4.831)

Federal + state excise tax on craft beer per barrel (1982 $) –0.349* −0.511*
(4.427) (5.013)

Brewpub legality dummy 22.761* 20.660*
(9.782) (9.337)

Spatial-prod (in 10,000 31-gallon barrels) – −0.118*
(4.280)

Spatial-firms – 0.191*
(4.975)

Number of observations 1,683 1,617
F 29.24* 21.75*

Note: The absolute value of t-ratios, shown in parentheses, are derived using the robust (sandwich) variance estimator.

*Significant at 1 percent.

29The overdispersion parameter, alpha, is significantly different from zero in all the negative binomial re-
gression models. Consequently, estimates are obtained by negative binomial regression, which allows for
overdispersion, rather than Poisson regression.
30A negative binomial coefficient estimate represents the approximate percentage change in number of
craft brewers from a unit change in the regressor.
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parameters continues: production nearby negatively affects the number of craft
brewers while the number of brewers nearby positively affects the number of craft
brewers.

A number of alternative specifications are investigated. First, the spatial variables
are constructed only for states within the continental United States. The distance to
other states is so great in the case of Alaska and Hawaii as to make the spatial var-
iables, which are constructed from inverse distance weights, minuscule. It is possible,
of course, that omitting Alaska and Hawaii from the sample might bias results. To
check for that bias, the models without the spatial variables, which were originally
estimated with data on all 50 states and the District of Columbia, were re-estimated
omitting Alaska and Hawaii. All signs and significance levels are the same as when
Alaska and Hawaii are included.

As discussed earlier and shown in Figure 1, the trajectory of craft brewing over
time can be divided into three periods: 1980–1998 (tremendous growth), 1999–
2008 (shakeout), and 2009–present (resurgent growth). To capture the influence of
factors during these periods but not already included in the models, two dummy var-
iables were added, D9908 = 1 for observations in 1999–2008 ( = 0 otherwise) and
D0912 = 1 for 2009–2012 (= 0 otherwise). Parameter estimates on these dummies
are positive and significant in all models, indicating that craft brewer production

Table 5
Negative Binomial Estimates of State-Based Panel Models of Number of Craft Brewers,

1980–2012

Variable Model 3 Model 4

Constant −7.302* −5.855*
(18.121) (13.865)

Real disposable income per capita (in 1,000s of 1982 $) 0.136* 0.075*
(6.712) (2.972)

Population (in millions) 0.076* 0.082*
(22.148) (22.660)

Median age 0.142* 0.115*
(9.261) (7.274)

Federal + state excise tax on craft beer per-barrel (1982$) −0.019* −0.021*
(5.235) (5.997)

Brewpub legality dummy 2.633* 2.429*
(18.851) (17.083)

Spatial-prod (in 10,000 31-gallon barrels) – −0.007*
(8.902)

Spatial-firms – 0.012*
(10.775)

Number of observations 1,683 1,617
LR χ2 2,140.83* 2,778.30*

Note: The absolute value of t-ratios, shown in parentheses, are derived using the robust (sandwich) variance estimator.

*Significant at 1 percent.
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and numbers are higher in these later periods than in the 1980–1998 period.31
Significance levels are 1% for all, but D9908 in Model 2, where it is at 10%. The
signs for parameters on income, population, age, tax, and the brewpub dummy in
all models remain the same, although the income parameter becomes insignificant
in the production models. The spatial-prod parameters are negative and significant
at 1%, and the spatial-firms parameters are positive and significant at 1%, in the
models with the time period dummies.32

The t-ratios presented thus far were constructed using the heteroscedastic-robust
variance estimator, also known as the sandwich, Huber/White, or simply robust es-
timator. If there is time-variant spatial dependence, however, the robust estimator is
inconsistent, and our hypothesis tests are invalid. Time-invariant spatial dependence
means that there may be spatial dependence at a given point in time, but the depen-
dence does not vary over time. Bertanha and Moser (2014) propose a “spatial vari-
ance estimator” and a test for time-invariant spatial dependence for count data, such

Table 6
Tobit Estimates of State-Based Panel Models of Craft Production with Predetermined

Variables, 1980–2012

Variable Model 5 Model 6

Constant −114.569* −99.010*
(6.907) (6.477)

Real disposable income per capita (in 1,000s of 1982 $) 1.210* 0.144
(4.092) (0.379)

Population (in millions) 2.075* 2.242*
(9.504) (9.708)

Median age 2.233* 2.100*
(4.853) (4.682)

Lag of federal + state excise tax on craft beer per barrel (1982 $) –0.330* –0.480*
(4.186) (4.700)

Lag of brewpub legality dummy 20.704* 19.168*
(10.092) (9.612)

Lag of spatial-prod (in 10,000 31-gallon barrels) – –0.087*
(2.619)

Lag of spatial-firms – 0.148*
(3.928)

Number of observations 1,632 1,568
F 30.49* 22.17*

Note: The absolute value of t-ratios, shown in parentheses, are derived using the robust (sandwich) variance estimator.

*Significant at 1 percent.

31Although growth declined and then flattened in some of the later years, the level of production and
number of firms remained higher than in the 1980–1998 period.
32Models with state fixed effects have the same significant signs as the original models, except for a sign
reversal on the income parameter in both production and number of firms’ regressions. There appears to
be substantial multicollinearity among the state fixed effects, real income, and other regressors.
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as our number of brewers variable. Estimation and testing rely on a Poisson model
for panel data. Although the estimates of the negative binomial model indicate
that there is overdispersion in our models, Poisson estimation is robust to overdisper-
sion (Wooldridge, 2009). It might be interesting to conduct the Bertanha-Moser test
using our data on numbers of craft brewers. Estimating Model 3 using fixed effects
Poisson estimation, we find no significant time-variant spatial dependence.33 This
means that the usual robust variance estimator is consistent in that framework.

Finally, it might be possible that craft brewer taxes and the legality of brewpubs
are endogenous variables, such that craft beer production or the number of
brewers might affect these variables. To account for this possibility, we use predeter-
mined values of taxes and the brewpub dummy variable. That is, we obtain estimates
of our previous models by replacing taxes and the brewpub dummy with their values
from the previous year. Table 6 displays estimates of the amended production
models, and Table 7 shows the estimates for the number of firms. Comparing the
results in column 1 in Table 6 with the results in column 1 in Table 4 shows that

Table 7
Negative Binomial Estimates of State-Based Panel Models of Number of Craft Brewers with

Predetermined Variables, 1980–2012

Variable Model 7 Model 8

Constant −6.650* −5.505*
(17.279) (13.069)

Real disposable income per capita (in 1,000s of 1982 $) 0.123* 0.076*
(6.213) (3.062)

Population (in millions) 0.075* 0.080*
(23.108) (22.494)

Median age 0.133* 0.111*
(9.110) (7.142)

Lag of federal + state excise tax on craft beer per-barrel (1982 $) −0.018* −0.020*
(5.179) (5.429)

Lag of brewpub legality dummy 2.548* 2.419*
(21.272) (19.649)

Lag of spatial-prod (in 10,000 31-gallon barrels) – −0.005*
(4.550)

Lag of spatial-firms – 0.009*
(6.892)

Number of observations 1,632 1,568
LR χ2 2,344.92* 2,663.63*

Note: The absolute value of t-ratios, shown in parentheses, are derived using the robust (sandwich) variance estimator.

*Significant at 1 percent.

33The program is xtpsse.ado in STATA. Thanks toMarinho Bertanha for information about the program.
Four sets of cutoffs were chosen: 10th percentiles of latitude and longitude, 25th percentiles, 50th percen-
tiles, and 75th percentiles.
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the significant signs are the same. Coefficient estimates are slightly smaller, with the
exception of the population parameter. All coefficient estimates are significant at 1%.
The number of firms’ results in column 1 of Table 5 and column 1 of Table 7 reveal
the same significant signs, slightly lower coefficient estimates on all variables, and a
1% significance level for all parameter estimates.

In additional models, we use time-lagged values of the spatial variables. It is pos-
sible that, at a given point in time, craft brewing in a state affects neighbors or that a
third factor affects both state and a neighbor’s craft brewing. Using the time-lagged
spatial variables allows the influence of neighbors to predetermine firm decisions in a
state. Estimates of these models are presented in column 2 of Tables 6 and 7. The
coefficient estimates on the time-lagged spatial variables have the same signs as
the coefficients on the spatial variables in the original models—negative for
spatial-prod parameter and positive for the spatial-firms parameter—and are signifi-
cant at 1%. The parameters on all the other variables also have the same significant
signs as in the original models.

To summarize the regression results, estimates indicate that income, population,
and median age encourage craft beer production and the number of craft brewers
in a state. Further, the legal environment appears to matter a great deal: beer
excise taxes have a negative effect, and legalized brewpubs have a positive effect,
on craft production and numbers. An interesting result is that the spatial-prod vari-
able, representing nearby production, appears to reduce production and the number
of craft breweries in the state. In contrast, the spatial-firms variable, representing the
number of firms nearby, appears to raise production and the number of craft brewers
in a state. Because craft brewers are of unequal size, perhaps production better
reflects the level of competition while knowledge spillovers depend on the number
of neighboring brewers.

V. Conclusion

In 1976, Anheuser-Busch was operating several breweries with capacities of 4 million
barrels or more apiece. That same year, Jack MacAuliffe opened New Albion
Brewing, the first new craft brewing facility. The capacity of the New Albion facility
was about 400 barrels.34 In 2013, the total industry production of craft beer was
about 13.2 million barrels, still less than the capacity of Coors’ flagship brewery in
Golden Colorado (over 20 million barrels).

But craft beer now has all the ingredients of a modern industry. There is an orga-
nized market for inputs. The recent Craft Brewers Conference had dozens of pro-
grams for the over four thousand participants with how-to sessions covering

34A barrel of beer = 31 gallons.
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topics ranging from exporting beer to Thailand to methods for measuring product
bitterness.

One signal of the maturity of the craft beer segment is that it has its own trade as-
sociation: the Brewers Association. This association of brewers sponsors the Great
American Beer Festival, the World Beer Cup, the Craft Brewers Conference &
BrewExpo, and the American Homebrewers Association as well as representing
craft brewers before state and federal authorities.

Another signal of the maturity of the craft beer segment is that it warrants the
compilation of its own statistical database. The contribution of this paper is in offer-
ing a concise history of the craft beer segment and a foray into analyzing these data
so as to allow a better economic understanding of this prominent development in the
malt beverage industry.

Supplementary Material

For supplementary material accompanying this paper visit http://dx.doi.org/10.1017/
jwe.2015.22.
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Appendix Table: Rank of Production, Per Capita Production, and Number of
Firms by State, 2012

Rank
Production State

Production
(1,000 barrels)

Per Capita
Production

Rank per
Capita

Production
Craft

Brewers

1 Pennsylvania 3,102.552 0.2431 4 94
2 California 2,573.979 0.0677 11 279
3 Massachusetts 2,430.435 0.3657 1 36
4 Oregon 1,406.597 0.3607 2 123
5 Colorado 1,268.763 0.2446 3 141
6 Texas 703.865 0.0270 21 75
7 New York 681.291 0.0348 20 75
8 Wisconsin 609.106 0.1064 10 73
9 Michigan 450.63 0.0456 14 112
10 Washington 288.147 0.0418 16 144
11 Missouri 268.272 0.0445 15 37
12 Minnesota 252.953 0.0470 13 39
13 Maine 231.692 0.1743 8 32
14 Delaware 204.794 0.2233 6 10
15 Alaska 170.381 0.2329 5 20
16 Ohio 169.16 0.0147 28 50
17 Louisiana 168.683 0.0367 19 7
18 North Carolina 155.561 0.0160 26 59
19 Georgia 151.388 0.0153 27 19
20 Vermont 135.813 0.2169 7 20
21 Montana 118.528 0.1179 9 36
22 Utah 108.154 0.0379 18 13
23 Arizona 88.039 0.0134 29 40
24 Illinois 81.184 0.0063 41 59
25 Indiana 81.047 0.0124 30 43
26 Virginia 79.899 0.0098 35 43
27 Rhode Island 65.501 0.0624 12 8

Continued
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Continued

Rank
Production State

Production
(1,000 barrels)

Per Capita
Production

Rank per
Capita

Production
Craft

Brewers

28 Maryland 57.557 0.0098 34 25
29 New Hampshire 54.711 0.0414 17 19
30 Tennessee 53.476 0.0083 39 24
31 Florida 48.262 0.0025 47 50
32 New Mexico 48.213 0.0231 23 27
33 Connecticut 42.557 0.0119 32 21
34 New Jersey 36.649 0.0041 44 24
35 Kentucky 36.347 0.0083 38 13
36 South Carolina 33.554 0.0071 40 14
37 Idaho 30.027 0.0188 24 27
38 Nevada 27.001 0.0098 33 19
39 Hawaii 26.106 0.0188 25 7
40 Kansas 24.17 0.0084 37 14
41 Iowa 18.889 0.0061 42 28
42 Nebraska 16.955 0.0091 36 13
43 Mississippi 14.588 0.0049 43 2
44 Wyoming 13.97 0.0242 22 15
45 Oklahoma 13.708 0.0036 45 10
46 District of Columbia 7.815 0.0124 31 5
47 Alabama 6.754 0.0014 50 9
48 Arkansas 5.109 0.0017 49 9
49 West Virginia 3.727 0.0020 48 4
50 South Dakota 2.909 0.0035 46 5
51 North Dakota 0.058 0.0001 51 3
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