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ABSTRACT

This paper examines the impact of Prohibition on alcohol consumption. Since data on both
the price and quantity of alcohol are unavailable during the Prohibition period, it is not possible to
estimate Prohibition’s impact on either the supply or demand for alcohol. Assuming the existence
of a reasonable proxy for alcohol consumption, however, it is possible to estimate the net impact of
Prohibition on the equilibrium quantity of alcohol consumed. I estimate this effect under a range
of assumptions about the nature of preferences, taking into account other possible determinants of
alcohol consumption and the proxy series. The overall conclusion of the paper is that Prohibition
exerted a modest and possibly even a positive effect on alcohol consumption.

One possible interpretation of the results is that the demand for alcohol is relatively inelastic,
although many earlier studies find substantial elasticity in the demand for alcohol. Another possible
interpretation is that Prohibition created a forbidden fruit effect that increased preferences for
alcohol, tending to offset the depressing effects of increased prices on demand. Still a third
possibility is that Prohibition failed to raise alcohol prices substantially, perhaps because black
markets suppliers face low marginal costs of evading government regulations and taxes. Existing

data provide some support for this last possibility.
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I never drank so much in my life as the time I spent five
months in the United States during Prohibition. Luis Bufiuel,
My Last Sigh, 1982.

1 Introduction

The U.S. experience with Alcohol Prohibition plays a frequent role in public
policy debates about prohibitions of alcohol, drugs and other commodities.
Advocates of government prohibitions often cite Alcohol Prohibition as evi-
dence that prohibitions are effective in reducing consumption of the prohib-
ited good, typically citing the large drop in cirrhosis death rates from the
pre-Prohibition to the early Prohibition period in support of this claim. At
the same time, opponents of government prohibitions frequently cite Alcohol
Prohibition as evidence that such prohibitions are not effective in reducing
consumption, typically citing the small change in cirrhosis death rates from
the late Prohibition to the post-Prohibition period in support of this claim.
Prima facie, both sets of claims about Alcohol Prohibition have merit, but
neither controls for the range of other factors that might determine alco-
hol consumption or cirrhosis death rates. Thus, both set of claims require
further scrutiny.

This paper examines the impact of Prohibition on alcohol consumption,
taking into account a broad range of other possible determinants of that
consumption. Warburton (1932) and Miron and Zwiebel (1991) estimate
alcohol consumption for the Prohibition years, but they do not determine
to what extent factors other than Prohibition contributed to observed fluc-
tuations in consumption. The analysis here attempts to isolate the effect
of Prohibition on alcohol consumption, controlling for other relevant effects.
The conclusion offered below is that Prohibition had virtually no effect on
alcohol consumption.

Section 2 provides the basic theoretical framework employed in the pa-
per. Since data on both the price and quantity of alcohol are unavailable
during the Prohibition period, it is not possible to recover structural esti-
mates of Prohibition’s impact on either the supply or demand for alcohol.
Assuming the existence of a reasonable proxy for alcohol consumption, how-
ever, it is possible to estimate the net impact of Prohibition on the equilib-
rium quantity of alcohol consumed. T discuss estimation of this effect under
a range of assumptions about the demand for alcohol, including both myopic
and rationally addictive models of consumption.



Section 3 examines the relation between alcohol consumption and the
proxy series considered in this paper, the death rate from cirrhosis. An ex-
tensive medical literature documents the crucial role of alcohol consumption
in producing cirrhosis, and a substantial earlier literature uses cirrhosis as a
proxy for true alcohol consumption (e.g., Cook (1981), Cook and Tauchen
(1982), Chaloupka, Grossman, Becker and Murphy (1993)). Cirrhosis is
probably better correlated with heavy alcohol consumption than with casual
consumption, but heavy consumption accounts for much of total consump-
tion and is more relevant to policy questions in many cases.

The evidence presented here shows there has been a strong relation be-
tween alcohol consumption and cirrhosis during most of the period for which
data on both series are available. This does not necessarily validate the use
of cirrhosis to measure alcohol consumption during Prohibition, since Pro-
hibition might have altered the relation between alcohol consumption and
cirrhosis. Evidence provided in Miron and Zwiebel (1991), however, suggests
that of the available proxies, cirrhosis makes the best case for the efficacy of
Prohibition. Moreover, at least one plausible kind of bias — the underdiagno-
sis of cirrhosis because of stigma attached to alcohol consumption — implies
that the conclusions provided below are, if anything, understated. And in
any event, cirrhosis is the proxy used to support most existing claims about
Prohibition’s effect on alcohol consumption, so it makes sense to examine
cirrhosis despite any limitations.

Section 4 evaluates the impact of Prohibition on the cirrhosis death rate,
taking into account other possible determinants of both cirrhosis and alcohol
consumption. One key determinant is the age structure of the population,
which turns out to play a crucial role in understanding the impact of Pro-
hibition on the consumption of alcohol. Another important determinant is
lagged values of cirrhosis and alcohol consumption, as implied by the Becker
and Murphy (1988) model of rational addiction and by the dynamics of the
relation between alcohol consumption and cirrhosis. The third critical factor
is World War I, which reduced alcohol consumption and cirrhosis through
a variety of mechanisms. The analysis also accounts for the effects of al-
coholic beverage taxes, state prohibition laws, drug prohibition, and the
varying enforcement of constitutional prohibition. These factors play some
role, but they do not change the conclusions suggested by the more parsi-
monious specifications that account simply for age effects, lags, and WWI.
That conclusion is that Prohibition exerted a modest and possibly even a
small positive effect on the consumption of alcohol.

Section 5 concludes by discussing possible interpretations of the results,
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specifically the small and possibly positive effect of Prohibition on alcohol
consumption. One possibility is that the demand for alcohol is relatively
inelastic, but many earlier studies find substantial elasticity in the demand
for alcohol. A second possibility is that Prohibition created a forbidden fruit
effect, increasing preferences for alcohol and offsetting the depressing effects
on demand of increased prices. This possibility is intriguing, and anecdotal
evidence suggests it played a role, but this paper offers no concrete evidence
in that direction other than the fact that alcohol consumption failed to
decline.

The remaining potential explanation for the paper’s key result is that
Prohibition failed to increase alcohol prices substantially because black mar-
ket suppliers faced low marginal costs of evading goverment regulation and
taxes. The existing wisdom, based chiefly on Warburton (1932) and Fisher
(1928,1930), is that Prohibition raised alcohol prices markedly, but further
examination of this evidence shows that prices did not necessarily rise by
much and may even have declined. Thus, there is not necessarily a huge
surprise in the modest response of alcohol consumption to Prohibition.

2 Framework for Analysis

This section presents a framework in which to analyze the effects of Prohibi-
tion on alcohol consumption. The framework consists essentially of demand
and supply curves for alcohol consumption, augmented by the relation be-
tween true alcohol consumption and a proxy for that consumption. The
estimation strategy proposed cannot disentangle the structural parameters
of the model, but it can determine the reduced form impact of Prohibition
on alcohol consumption. Assuming Prohibition can be taken as exogenous,
this is an interesting effect to estimate.

2.1 Alcohol Demand and Supply

The basic theoretical structure is the Becker and Murphy (1988) model of
rationally addictive consumption. Assume the consumer solves

max 008 u(ar 14, St4ir Yr-+i) (1)
s.t. S20(1/(1+ 7)) (prriteyi + yers) < wo (2)
sp = (1 —20)s¢-1 + ay, (3)



where a; is alcohol consumption, s; is the stock of past alcohol consumption,
& is the depreciation rate of that stock, y; is a vector of other consumption
goods, p; is the relative price of alcohol, r is the real interest rate, and wy
is initial wealth.!

The first-order conditions for this problem are

Uy = A (4)

and 4 '
Ug + 25208 (1 — 0)'us = Apy, (5)

where X is the Lagrange multiplier on the wealth constraint. To make this
model empirically tractable, I follow Becker, Grossman and Murphy (1994)
and especially Chaloupka (1991) in assuming that u(-) is quadratic,

u(+) = Yaar +YsSt + YyYt + (1/2)7%@% + (1/2)7553% + (1/2)’Yyyyt2
+Vas@tSt + YayQele + YsyStie- (6)

Imposing (6), substituting out for 3; from (4), and rearranging yields

ar = ¢o + O1pe—1 + G2pr + 3Pt + Paai—1 + P5ai1 (7)

where ¢9 is negative and ¢1, ¢3, ¢4 and ¢5 are positive. This equation
yields a stable solution for a; under appropriate conditions on the roots of
the characteristic equation.

Two special cases of this model are worth noting. If consumers are my-
opic, meaning they set the discount rate equal to infinity, then the future
price and consumption terms drop out of equation (7). If alcohol consump-
tion is not addictive, then all terms other than current price drop out. The
empirical work below considers all three variants of the model.

The specification described so far does not allow for any direct effect of
Prohibition on the demand for alcohol; instead, it assumes that any direct
effect is on the cost of producing or selling alcohol, which is then transmitted
to demand through price. This assumption is a useful benchmark, but there
are several mechanisms through which Prohibition might affect demand di-
rectly. On the one hand, Prohibition might stigmatize alcohol consumption,

'This specification of the consumer’s problem ignores any uncertainty about future
prices or income, which simplifies the presentation. Under the assumption of quadratic
preferences, which is imposed throughout, the derivations below hold as an approxima-
tion even when uncertainty is permitted. In the next subsection, I discuss estimation
procedures that are robust to the presence of uncertainty.



increase uncertainty about quality, or decrease the availability of alcohol
holding the monetary price constant; each of these effects would lower de-
mand for any given monetary price. Alternatively, Prohibition might create
a forbidden fruit effect, which would tend to raise consumption for any given
monetary price. Thus, the total effect of Prohibition on demand is ambigu-
ous but probably negative overall.

The simplest way to incorporate any effects of Prohibition on the demand
for alcohol is to make the intercept term in the marginal utility of alcohol
consumption schedule depend on Prohibition:

tuq = YPP: + Yo + Yaatt + YasSt + YayUt, (8)

where P, is a measure of Prohibition. With this modification, equation (7)
becomes

ag = ¢+ G1pr1 + Gopr + G3pii1 + Paap 1+ Psapn +
+o6 1+ o1 P + PP 9)

In this specification, ¢g and ¢g are positive, while ¢ is negative, assuming
the effect of Prohibition on the marginal utility of alcohol consumption is
negative. Thus, Prohibition acts like a component of price.
To close the model, I assume that the market for alcohol is perfectly
competitive, so
Pt i@Pt—FEt, (10)

where ¢; is the marginal cost of producing alcohol in the absence of Prohi-
bition and 6F; is the effect of Prohibition on the marginal cost of producing
alcohol.? The non-Prohibition component of marginal cost includes both
marginal production costs, such as materials, capital and labor costs, and
government policies other than prohibition that affect marginal costs, such
as alcoholic beverage taxes.

The usual presumption is that Prohibition raises the marginal cost of
supplying alcohol, so that 6 is positive in (10). Marginal production, distri-
bution and transportation costs are higher under Prohibition because sup-
pliers must evade detection by police and other law enforcement authorities.
Marginal labor costs are higher under Prohibition to the extent there is
stigma attached to working in a prohibited industry. On the other hand,

2Miron and Zwiebel (1995) suggest that government prohibitions tend to increase mar-
ket power in the supply of the prohibited commodity. This implies that the supply of
alcohol may have been less competitive during Prohibition than otherwise.



the marginal costs of evading government regulations other than Prohibi-
tion are likely to be lower for alcohol suppliers under Prohibition, as are
the marginal costs of evading income or excise taxes. Further, black market
suppliers may well spend less on adverstising than legal market suppliers,
which can then permit lower prices (Motta, 1997). Many of these offsetting
effects were probably smaller during Alcohol Prohibition than they would
be now, since government regulation was relatively modest and marginal
income tax rates were low. Nevertheless, the net effect of Prohibition on
price was not necessarily large and possibly not even positive.

2.2 Estimation of the Model

If data on the quantity and price of alcohol were available both during and
outside of the Prohibition period, estimation of Prohibition’s impact on al-
cohol consumption would be straightforward. OLS estimation of (10) would
yield consistent estimates of Prohibition’s effect on the price of alcohol, and
IV estimation of (9) would yield consistent estimates of the relation between
the quantity of alcohol consumed and the price. Solving (9) for the long run
effect of price on consumption and then using the implied change in price
due to Prohibition would then provide an estimate of Prohibition’s net effect
on alcohol consumption.

Unfortunately, price data are not available for much of the relevant sam-
ple period, and alcohol consumption data are not available during Prohi-
bition. I therefore adopt a different strategy for estimating the impact of
Prohibition on alcohol consumption.

To avoid the need for price data, I substitute (10) into (9) to get

ag = Qo+ (o1 + P6)Pr 1+ (o2 + 1) Py + (d3 + ¢d8) Pri1
+Pgar—1 + P5ai1 + Preq—1 + Poer + Paepi1. (11)

This equation is a reduced form relating alcohol consumption to Prohibi-
tion and the other determinants of marginal cost. I discuss specifications
for the marginal cost term further below. Given a particular specification,
(11) would be estimable if data on alcohol consumption were available both
during and outside of the Prohibition period.

Data on alcohol consumption are not available during Prohibition, how-
ever. To address this problem, I assume the existence of a proxy series that
is related to alcohol consumption by

et = p(L)(var +m) (12)



where ¢; is the proxy series, p(L) is a polynomial in the lag operator, and 7
is a vector of exogenous determinants of ¢;. This specification allows alcohol
consumption to affect the proxy series with a lag, which is likely the case,
e.g., for cirrhosis. For tractability I assume throughout that

o(L) = S2op' L, (13)
so (12) can be written as
¢t = pc—1 + yar + ;. (14)

The term n; will have positive mean if the proxy can occur even when alcohol
consumption is zero (which is the case for cirrhosis), and it will contain a
trend if there has been systematic drift in the relation between alcohol con-
sumption and the proxy (e.g., in the ability to treat or diagnosis cirrhosis).
Another possibility, considered further below, is that 7; includes information
on the demographic structure of the population, since the effect of any given
quantity of alcohol consumption is likely to depend on the age and sex of
those doing the consuming.

Solving (14) for a¢, substituting into (11), and rearranging produces the
main estimation equation employed in this paper,

¢ = aptoaic1t+agco+tasci3+asP+asPq + agPi2
Fores + agep 1+ agep o+ aone F 11 + Qiemy 9. (15)

This equation relates the proxy series, ¢, to its own lags, current and
lagged values of the Prohibition variable, current and lagged values of non-
Prohibition marginal costs, and current and lagged values of any exogenous
determinants of the proxy series. The first and second lags are implied by
the rationally addictive structure of the preferences allowed above, while the
third lag of the proxy series is implied by the lag in the effect of alcohol on
the proxy.

I employ two different estimation strategies. The first maintains the as-
sumption of no uncertainty in the consumer’s problem and imposes that the
non-Prohibition component of marginal cost is solely a function of observ-
able variables (specifically, a constant and a time trend). These assumptions
imply that one can estimate the equation consistently by OLS, although
they also imply that such estimation yields an R? of 1.00. The second
approach allows for uncertainty in the consumer’s problem and for an unob-
servable component of marginal cost. The uncertainty facing the consumer



introduces a second-order moving average error, as does the unobservable
component of marginal cost when this component is serially uncorrelated.
Under these assumptions, the third, fourth and fifth lags of cirrhosis are
valid instruments for the included lags of cirrhosis, so the equation can be
congsistently estimated by IV. If the unobservable component of marginal
cost is serially correlated up to any finite number of lags, IV estimation of
the equation is still possible but increasingly problematic because the cor-
relation between the instruments and the regressors is likely to be weak. 1
thus consider only OLS estimates and IV estimates that assume zero auto-
correlation in the unobservable component of marginal cost.

In addition to estimating (15), T also consider the myopic and non-
addictive versions of the model. If consumers are myopic, then az = ag =
ag = a9 = 0. If alcohol consumption is non-addictive, then in addition
a2 = a5 = ag = a1 = 0. These special cases are interesting partly be-
cause they can be compared with earlier results in the literature and partly
because they conserve degrees of freedom in the estimation.

Given consistent estimates of (15), the net effect of Prohibition on alcohol
consumption can be computed as

da/dP = (g + a5+ ag) /(1 — a1 — ag — ag). (16)

This estimate is a function of both supply and demand curve parameters,
so it does not separately identify Prohibition’s effects on the supply or de-
mand for alcohol. The approach is nevertheless interesting, since for many
questions it is the total effect of Prohibition that is relevant. In addition,
as noted above, demand side effects might be small relative to the supply
side effects, in which case the net effect can be interpreted as coming from
supply side mechanisms.

The approach outlined above relies on two key identifying assumptions.
The first is that the relation between alcohol consumption and the proxy
was not affected by the existence of Prohibition, and the second is that the
existence of Prohibition was not itself a function of alcohol consumption.
Section 3 includes a defense of the first assumption while Section 4 contains
a defense of the second. Naturally, it is impossible to prove that either
assumption is valid, but I show that under plausible conditions the bias is
either small or likely to reinforce the main conclusions reported below.



3 The Relation Between Alcohol Consumption and
Cirrhosis

This section documents that the proxy series considered in this paper, the
death rate from cirrhosis of the liver, is strongly related to alcohol consump-
tion per capita during most of the non-Prohibition period. This evidence
cannot prove that the relation remained unchanged during Prohibition, but
combined with the extensive bio-medical and other evidence that alcohol
consumption causes most cirrhosis (e.g., Berkow (1992), pp.890-897), this
evidence makes a strong case for using the cirrhosis death rate as a proxy
for alcohol consumption. In addition, the effect of Prohibition on cirrhosis
is interesting even if cirrhosis is not a perfect indicator of alcohol consump-
tion. For example, cirrhosis might be more reflective of heavy drinking than
casual drinking, but it is heavy drinking that is the principal concern of
public policies toward alcohol consumption.

Figures 1 and 2 present data on alcohol consumption and cirrhosis,
respectively.? The data on alcohol consumption are estimates of the per
capita consumption of pure alcohol, measured in gallons. These estimates
are computed as a weighted sum of separate estimates for beer, spirits, and
wine, assuming pure alcohol contents for each component of 0.045, 0.5, and
0.14, respectively. As discussed in detail by Blocker (1994), the pure alco-
hol content of spirits is difficult to pin down precisely, but this problem is
unlikely to be critical for the main issues addressed here.

Comparison of the two figures suggests a correlation between alcohol
consumption and cirrhosis. Both series decline noticeably just before the
onset of Prohibition and increase gradually for the first three decades af-
ter repeal of Prohibition. Both series then increase more rapidly from the
mid-1960’s to the mid-1970’s and decline from 1980 to the present. The cor-
relation is obviously not perfect; alcohol consumption exhibits a noticeable

3The alcohol consumption data are based on those reported in Miron (1996), with the
following modifications. For the period 1900-1919, I use beerl, spirits1, and winel. For the
period 1934-1963, I use beer2, spirits2, and wine2. For the period 1964-1993, I use data
on beer, spirits and wine as reported in Food Consumption, Prices, and FEzxpenditures,
various issues, published by the Department of Agriculture. These data are the basis
of seriesb and series6 reported in Miron (1996), but the underlying document contains
data on a per capita basis using the resident population, consistent with seriesl and
series2. The cirrhosis data are from Vital Statistics of the United States, as reported in
Historical Statistics of the United States and various Statistical Abtracts. Both the alcohol
consumption series and the cirrhosis series use the resident population, all ages, to create
per capita estimates and include data on Alaska and Hawaii beginning in 1960.



spike relative to cirrhosis in the 1940’s, and cirrhosis starts declining several
years earlier than alcohol consumption during the 1970°s. Nevertheless, the
overall correlation appears strongly positive.

Table 1 confirms this conclusion by reporting estimates of equation (14)
under a range of auxilliary assumptions. All regressions include a constant
and a time trend in addition to alcohol consumption and/or the lagged
value of cirrhosis. The sample period is 1900-1993, minus the years of con-
stitutional prohibition (1920-1933). The t-statistics have been computed
using Newey and West (1987) standard errors. The regressions reported
in columns (1)-(3) include only the variables listed in the table. Those re-
ported in columns (4)-(6) also include the fraction of the population in the
age groups 5-14, 15-24, ..., 55-64, and 65 and over. The line of the table
labeled “Age Effects” gives the marginal significance level for the test of the
exclusion of these age variables.

The justification for this particular way of controlling for age effects is
essentially pragmatic: it is linear in easily measured variables, and these vari-
ables arise naturally as the appropriate age controls in the alcohol demand
equation (see below). Any specification derived rigorously from microeco-
nomic foundations would be non-linear, and non-linearities are unlikely to
be well-estimated given the limited number of observations available here.
If individual level data on consumption and cirrhosis were available, such
data might support a more detailed analysis of this relation, but such an
investigation is outside the scope of this paper.

The results in Table 1 show that alcohol consumption is a statistically
significant and quantitatively important determinant of cirrhosis and that
the age structure of the population plays a critical role in mediating this
relation. When lagged cirrhosis and the age variables are excluded from the
regression (column (1)), alcohol consumption enters statistically significantly
and has a substantial effect on cirrhosis. When lagged cirrhosis is included
in the regression and the age variables are excluded, however, the estimated
effect of alcohol consumption is not only statistically insignificant but the
wrong sign (column (3)). This anomalous result disappears once the age
structure variables are included, as shown in columns (4) and (6). In this
case alcohol consumption is significant, with the correct sign, and has a
substantial effect on cirrhosis.*

41 obtain generally similar results when I estimate the specifications in Table 1 for three
sub-periods (1900-1919, 1934-1963, 1964-1993) in which time potential time-consistency
problems in the alcohol consumption data are absent; see Appendix Tables la-lc. I also
obtain generally similar results when I use data on beer or spirits consumption rather than
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The magnitude of the estimated effect in Table 1 is substantial. Ac-
cording to the estimates in column (6), for example, an increase in pure
alcohol consumption from the range 1.0-1.5 gallons per capita to the range
2.0-2.5 gallons per capita should be associated with an increase in the cir-
rhosis death rate from the range of 8.0-10.0 deaths per 100,000 to the range
13.0-15.0 deaths per 100,000; in fact, this is almost precisely what occured
between the first and second halves of the post-WWII period, as can be seen
in Figures 1-2 above.

This evidence makes a strong case for using cirrhosis as a proxy for alco-
hol consumption, but it does not prove that the relation between cirrhosis
and alcohol consumption remained unchanged during Prohibition. The most
obvious possibility is that Prohibition stigmatized alcohol consumption and
caused medical officials to underreport deaths from cirrhosis. If this is the
main source of any change in the relation, then estimates of Prohibition’s
effects on cirrhosis tend to overstate Prohibition’s true effect on alcohol con-
sumption. Moreover, Miron and Zwiebel (1991) document that three other
proxies for alcohol consumption — the death rate from alcoholism, the num-
ber of admittances to mental hospitals for alcohol psychosis, and the arrest
rate for drunkenness — all show smaller declines during most of Prohibition
than cirrhosis. Each of these proxies might also be biased; indeed, some
might suffer the same “stigmatization” bias as cirrhosis death rates. The
fact that cirrhosis shows the largest decline, however, suggests at a minimum
that this proxy is the one most likely to show a large effect of Prohibition
on alcohol consumption.

4 The Effect of Prohibition on Cirrhosis

I turn now to estimating the effect of Prohibition on cirrhosis. I begin with
the simplest possible specification and then introduce other factors that
might be empirically relevant determinants of cirrhosis. Most of these other
factors have little impact on the results, but three — the age structure of the
population, the lags implied by rationality and addictiveness, and World
War I — play key roles in mediating the relation between Prohibition and
cirrhosis.

on total alcohol consumption; see Appendix Tables 1d-1f. The similarity of the beer and
spirits results with those based on total alcohol suggests that inconsistencies related to
the “proof-gallon puzzle” (Blocker, 1994) are not a major problem for the analysis here.
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4.1 Baseline Specification

Table 2 presents estimates of equation (15) under a variety of assumptions.
All specifications assume that Prohibition can be modeled as a dummy vari-
able that is one in the years of constitutional prohibition (1920-1933) and
zero otherwise. Columns (1)-(4) report OLS estimates and assume that the
marginal cost of producing alcohol can be modeled as a constant plus a time
trend; columns (5)-(6) report IV estimates that allow for a serially uncorre-
lated shock to marginal cost and for uncertainty.’ Column (1) imposes both
that preferences are non-addictive and that the effect of alcohol on cirrhosis
is entirely contemporaneous. Column (2) imposes non-addictiveness but al-
lows for lagged effects of alcohol consumption on cirrhosis. Columns (3) and
(5) allow alcohol consumption to be addictive but impose that preferences
are myopic. Columns (4) and (6) allow for addictiveness and rationality
of preferences. The sample period is 1900-1993, minus any years necessary
to accommodate the lag structure in each specification. Newey and West
(1987) t-statistics are reported in parentheses. The lines labeled “Impact
of Prohibition” give the estimated reduced-form impact of the Prohibition
dummy on cirrhosis (equation (16) above), along with the marginal signifi-
cance level from the test of the hypothesis that this effect is zero.

The results in column (1) show that the cirrhosis death rate was indeed
lower during Prohibition than before or after. According to the estimates,
cirrhosis was lower by 4.29 deaths per year per 100,000 population, which
is more than a third of its average non-Prohibition value. This is the fact
that supports claims of a substantial role for Prohibition in reducing alcohol
consumption; the fact is apparent from inspection of Figure 2. This fact
does not demonstrate that Prohibition caused consumption to be lower,
however, because it fails to account for any of the other factors that might
have influenced alcohol consumption.

The remaining columns of the table take a first step toward controlling
for these others factors, specifically, for the lag structure in the consumption
and cirrhosis processes implied by consumption theory. Allowing simply for
lags in the effect of alcohol consumption on cirrhosis (column (2)) barely
changes the estimated impact of Prohibition, although the implied standard
error on this impact increases. The OLS estimates that allow for myopic
or rational addiction (columns (3)-(4)) suggest a much smaller impact of
Prohibition, and in neither case is the estimated impact significant. The IV

°In column (5) the instruments are the second and third lags of cirrhosis while in
column (6) they are the third, fourth, and fifth lags of cirrhosis.
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estimate that allows for addictiveness but assumes myopia implies a small
positive effect of Prohibition, while the IV estimate that allows for rationality
is unstable. These baseline results suggest that Prohibition reduced alcohol
consumption by at most a moderate amount; according to the results in
column (4), for example, Prohibition reduced the cirrhosis death rate by
about 21 percent compared to its average non-Prohibition value.

The analysis presented so far does not account for a number of factors
that might have mediated the relation between Prohibition and cirrhosis. 1
now investigate whether accounting for those factors modifies the conclusions
of the analysis above.

4.2 Cirrhosis and the Age Structure of the Population

One potentially important omission from the specification examined so far is
the age structure of the population. At a minimum, Table 1 documents that
the age structure has an important impact on the cirrhosis death rate and
should therefore be included in the estimation of equation (15). In addition,
age is known to be a critical determinant of alcohol consumption (e.g., Blane
and Chafetz (1979)), which suggests the age structure should be included in
the estimation even if it has no direct effect on cirrhosis.

I address this issue by introducing as regressors the same age structure
variables considered in Table 1, namely, the fraction of the population in
the age groups 5-14, 15-24, ... , 45-64, and 65 and over. I also include
the first or first and second lags of these variables, as relevant. Inclusion of
the lags follows both from the derivation of (7) under the assumption that
the marginal utility of alcohol consumption is additively age dependent and
from the substitution of (14) into (7). Under this approach, the coefficients
on the age variables are potentially hard to interpret, since they capture two
logically distinct mechanisms, but the set of such variables should capture
most of the relevant age effects.

Table 3 repeats the regressions shown in Table 2, but with the age struc-
ture variables included as controls. The introduction of these variables has a
dramatic effect on the implied impact of Prohibition. In the naive case that
ignores all lags (column (1)), Prohibition is still statistically significant but
this estimated impact falls by more than half compared to Table 2. Under
the assumption of non-addictiveness, in column (2), the estimated impact
is still negative but statistically insignificant and tiny. In the specifications
that allow preferences to be addictive and rational, the estimated impact
of Prohibition is small or even positive although never statistically signif-
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icant. Comparing Table 3 with Table 2 indicates that controlling for the
age structure of the population generally implies a less negative impact of
Prohibition.

One interesting difference between the results in Tables 2 and 3 is that
the estimated persistence of cirrhosis is lower, for any given specification,
once the age structure of the population is included. This is consistent with
the results in Table 1, in which introduction of the age variables also reduces
the estimated persistence of cirrhosis. Thus, one reason the cirrhosis death
rate appears highly persistent is because the condition that allows it to
operate — a pool of persons the appropriate age — is itself highly persistent.
Once this has been accounted for, cirrhosis is less persistent, so the implied
impact of any given coeflicient estimate on the Prohibition dummies is lower.

The positive impact of Prohibition reported in columns (3) and (4) of
Table 3 is puzzling, since the standard assumption is that Prohibition raised
the costs of producing and supplying alcohol, thereby implying higher prices
for any given demand curve. Even if demand is totally price inelastic, higher
prices should not increase consumption. I defer discussion of this issue for
now, since the introduction of other relevant factors into the analysis might
imply significant changes in this result. It turns out, however, that the result
is fairly general, so I discuss it in detail in Section 5.

4.3 World War 1

The next issue to address is the role of World War I, which might have
affected the path of cirrhosis and alcohol consumption via a number of pos-
sible mechanisms. To begin with, Congress restricted the use of food in the
manufacture of alcoholic beverages begining in September, 1917, and it out-
lawed the sale of alcoholic beverages beginning in July, 1919 (Schmeckebier,
1929, pp.4-5). Second, patriotism might have discouraged consumption of
alcohol, since grain and other raw ingredients were considered vital to the
war effort. Third, the incredible casualty rate due to WWI, the world-wide
flu epidemic during World War I, and the pre-war decline in immigration
might have altered the demographic structure of the population in ways not
fully captured by the age structure variables considered above. Finally, anti-
German sentiment might have affected preferences for alcohol, although this
could have shown up merely as a switch from beer to spirits or wine.

To account for these effects, Table 4 reports estimates that include a
dummy variable for the years 1917 through 1919. The results show first
of all that cirrhosis fell substantially in the years just prior to the onset
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of constitutional prohibition, as Figure 1 suggests. In the most general
specification, for example, the estimated impact is approximately 25 percent
of the non-Prohibition value of cirrhosis. The results also show, however,
that inclusion of this dummy has little effect on the estimated impact of
Prohibition. The estimated impact is now negative under both OLS and TV,
but the magnitude is small (less than 15% of the non-Prohibition value in
the specifications that allow for addictiveness) and statistically insignificant.
These results are not sensitive to the exact specification of the “WWI”
dummy; similar results hold with a dummy for 1917-1918, 1918, or 1918-
1919.

At a purely statistical level, the interpretation of the results in Table 4 is
straightforward. Beginning around 1917-1918, some factor or set of factors
reduced cirrhosis substantially relative to its usual level. Given the low
level cirrhosis obtained just before Prohibition, its subsequent evolution was
then almost exactly what was implied by the natural dynamics of cirrhosis,
alcohol consumption, and the age structure of the population. In particular,
constitutional prohibition played virtually no role in reducing cirrhosis below
what it would have been otherwise.

At an economic level, the interpretation of these results is less obvious,
since a number of policy and non-policy events all occurred during the two
to three years just before Prohibition. On the policy side, the war-time
restrictions on the use of food products to make alcoholic beverages seem
unlikely to have created such dramatic reductions in cirrhosis or alcohol con-
sumption, since these restrictions did not prevent consumption of imports
or existing stocks, and the budget for enforcement of these restrictions was
essentially zero. Moreover, reductions in alcohol consumption are unlikely
to have caused such large contemporaneous declines in cirrhosis. War-time
prohibition per se could not possibly have caused the initial drops in con-
sumption or cirrhosis since it did not take effect until July 1, 1919.

A more plausible explanation for these dramatic changes in consumption
and cirrhosis is fluctuations in the age structure of the population that are
not accounted for by the age variables included in the regressions. Until
1920, annual estimates of the age composition of the population were based
on interpolations of decadal census data without information from annual
data on births, deaths or immigration (Bureau of the Census, 1965). Thus,
for the pre-1920 period, the age composition variables might miss important
influences on cirrhosis and consumption.

This hypothesis is particularly appealing because there are two likely
sources of major changes in the relevant aspects of the age structure. First,
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immigration into the United States fell dramatically beginning in 1915, from
more than 1 million per year in 1913-1914 to fewer than three hundred thou-
sand per year in 1917-1919. Not only were many immigrants of this period
from cultures that tended to consume alcohol heavily; many immigrants
were also young and male, which tends to correlate with high alcohol con-
sumption and cirrhosis. Second, World War I and the flu epidemic of 1918
produced an enormous surge in the death rate, and this increase was high-
est amongst males, including those in the age ranges susceptible to cirrhosis
(Bureau of the Census, 1975, pp.58-62). The population at risk of cirrho-
sis was therefore likely to have been substantially reduced during the years
1917-1919 relative to other periods.

Thus, it is possible if not likely that much of the dramatic pre-1920 fall
in cirrhosis and consumption reflected demographics, just as did most of
the fluctuations after 1920. Without accurate data on the age composition,
this proposition cannot be proved definitively. But there is little evidence
that policies directed toward alcohol played a substantial role in causing the
1917-1919 reductions in cirrhosis or alcohol consumption. And even if one
attributes the 1917-1919 declines to policy factors, the failure of constitu-
tional prohibition to affect cirrhosis means that any effects of the pre-1920
policies were temporary rather than permanent.

4.4 Additional Issues

In addition to the factors considered so far, there are a number of other issues
that need to be addressed in a complete assessment of Prohibition’s impact
on cirrhosis and alcohol consumption. For example, all the specifications
above assume Prohibition can be modeled simply as a dummy variable for
the period of constitutional prohibition. This specification assumes that
Prohibition’s impact was constant throughout its existence, but since it
takes time for an illegal supply network to develop, the short-term and long-
term impacts might well have been different. Similarly, the dummy variable
approach to measuring Prohibition’s impact might be inaccurate if that
impact depends on the level of resources devoted to enforcement, not merely
on the existence of Prohibition. Moreover, state-level prohibitions were in
operation during parts of the period outside constitutional prohibition, and
drug prohibition took effect beginning in 1914. Finally, real tax rates on
alcoholic beverages have varied substantially over time.

Each of these factors can be addressed by substituting or adding appro-
priate variables to the specification in Table 4. To account for the possibil-
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ity that Prohibition’s short-run impact differed from its long-run impact, I
break the Prohibition dummy into an early prohibition dummy (1920-1926)
and a late prohibition dummy (1927-1933). To account for the possibility
that Prohibition’s impact varied with the level of enforcement, I include
a measure of expenditures on enforcement of Prohibition. To account for
the possibility that state-level prohibitions played a role in reducing alcohol
consumption, I include a measure of the number of states with state-level
prohibition. To account for drug prohibition, I include dummy variables for
periods when particular drugs were prohibited. To account for the effects of
alcoholic beverage taxes, I include a measure of the tax rate on alcohol.

The measure of enforcement employed is the per capita real dollars of
expenditure by those Federal agencies devoted expressly to enforcement of
the Prohibition laws (U.S. Treasury (1932) and Statistical Abstracts of the
United States). The measure therefore excludes expenditures by agencies
that existed mainly for other purposes but that might have been signif-
icantly involved in enforcing Prohibition.® T adopt this approach mainly
because it is difficult to apportion the expenditure of the “non-Prohibition”
agencies between Prohibition-enforcement and other activities. As long as
those expenditures increased approximately in line with more direct expen-
ditures, this omission should not be a problem. A different issue is that the
measure used here omits expenditures by state or local governments, which
could bias the results if these were substantial and not well correlated with
Federal efforts. Warburton (1932, p.247) indicates, however, that state-level
expenditures were small (only about seven hundred thousand dollars per
year compared to an average of more than 10 million at the federal level)
and that states did not appear to be spending any more for enforcment of
constitutional prohibition than they had previously spent on enforcement of
their own state prohibitions. Thus, the omission of state expenditures from
the measure of enforcement is probably not critical.

The measure of state prohibitions is the number of states with state-
wide prohibitions on alcohol during the 1900-1919 period (Wickersham, v.5,
(1931), pp.640-641). This specification assumes that all states had de facto
or de jure state-level prohibition during constitutional prohibition, and it
ignores the fact that a few states failed to repeal their state-level prohibi-
tions immediately after the repeal of constitutional prohibition. States did

5Tn particular, this measure excludes substantial sums appropriated to the Coast Guard
for enforcement of Prohibition (Warburton (1932), p.246). Data limitations make it prob-
lematic to include these expenditures, but estimates of Prohibition’s impact based on the
best available data are similar to those reported in Table 5.
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differ in their enthusiasm for Prohibition even during constitutional prohi-
bition, but since Federal expenditure was so much greater than total state
expenditure, the variations across states during constitutional prohibition
are unlikely to have played a significant role. Similarly, it is unlikely that
the small number of states that continued their prohibitions after the end of
constitutional prohibition could have substantially influenced overall alcohol
consumption (see, e.g., Holder and Cherpitel (1996) on Mississippi).

The measure of drug prohibition is a dummy variable equal to one be-
ginning in 1914, when opiates and cocaine were de facto prohibited by the
Harrison Act, and equal to two beginning in 1937, when marijuana was pro-
hibited by the Marijuana Tax Act. State-level laws also prohibited some or
all of these drugs at various points during the relevant sample, but these
laws were sporadic, poorly enforced, and easily susceptible to cross-border
smuggling. Regressions with separate dummies for the Harrison and Mari-
juana Acts yield results similar to those reported here. Measuring the total
enforcement budget for drug prohibition is beyond the scope of this paper.

The tax rate on alcohol is measured as the real implicit tax rate on
all alcoholic beverages. For the non-Prohibition period, this measure is
constructed by dividing total collections of alcoholic beverage taxes (both
federal and state/local) by total gallons of pure alcohol consumed and then
deflating.” For the Prohibition period, the measure is set equal to zero, under
the assumption that most alcohol transactions did not pay taxes during
this period. I also consider two alternative measures of the tax rate on
alcohol, the real federal statutory tax rates on spirits and beer, respectively
(Hu (1950) and Facts and Figures on Government Finance, various issues).
These measures do not account for the effects of state (or local) alcohol
taxes, so they might be biased to the extent that federal tax rates behaved
differently from state rates. As it turns out, however, the second and third
measures are highly positively correlated with the implicit tax rate, so the
bias due to this omission is probably small.?

Table 5 summarizes the results from adding or substituting various com-
binations of these variables in the specification reported in Table 4. For
parsimony, I report only the estimated impact of constitutional prohibition
and of the additional variables, and I consider only the most general speci-

"The data on collections of alcoholic beverage taxes are from Bureau of the Census
(1975), Annual Reports of the Commissioner of the Internal Revenue Service, various
issues, and Facts and Figures on Government Finance, various issues.

8The correlation between the implicit tax rate and the spirits tax is 0.96, while that
between the implicit tax rate and the beer tax is 0.57.
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fication that allows for a full set of lags. Each specification includes the age
structure variables and the dummy variable for the 1917-1919 period.

The bottom line is that none of these modifications changes the con-
clusion stated so far: constitutional prohibition had a small, statistically
insignificant, and possibly even a positive impact on the cirrhosis death
rate. Several specific features of these results are worth discussing in detail,
however.

The estimate of late Prohibition’s impact is similar to that found for
overall Prohibition in Table 4. According to the OLS estimates, the es-
timated impact of late Prohibition differs substantially from that of early
Prohibition, which is estimated to be positive. This pattern of results might
suggest that any glamorization effect of Prohibition diminished over time
or that enforcement became more effective as its level increased. Both es-
timated impacts have large standard errors, however, so it is probably a
mistake to draw strong conclusions. According to the IV estimates, late
Prohibition had a slightly smaller effect than early Prohibition, consistent
with the hypothesis that the black market became better developed over
time.

The results that employ enforcement of Prohibition rather than the Pro-
hibition dummy suggest that this enforcement, evaluated at the maximum
value attained by enforcement in the sample, had a small, negative impact
on cirrhosis. The OLS results that include both the Prohibition dummy and
expenditure find a slightly more negative impact of enforcement but a par-
tially offsetting positive impact of the Prohibition dummy. The IV results
that include both enforcement and the Prohibition dummy finds the oppo-
site sign pattern — positive on enforcement, negative on the dummy — but
overall a similar net effect. Conducting the analysis with alternative mea-
sures of the enforcement variable — expenditure per dollar of GDP rather
than expenditure per capita — yields very similar results.

The impact of drug prohibition is estimated to be negative, which is in-
congistent with the view that drugs and alcohol are substitutes. Similarly,
the tax rate variable always enters positively, contrary to theory. The drug
dummy is an extremely crude measure of drug prohibition, and small sam-
ple effects might be at work with respect to both variables. Further, both
the level of the alcohol tax rate and the existence of drug prohibition might
be endogenous with respect to alcohol consumption. Still, these results are
puzzling and require scrutiny in further work. The introduction of these
variables does not alter the conclusion, however, that constitutional pro-
hibition failed to reduce alcohol consumption substantially; indeed, every
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specification that contains the alcohol tax rate implies a large positive effect
of Prohibition-cum-enforcement.

4.5 Was Prohibition Exogenous?

The results presented above make a strong case that Prohibition failed to
reduce the consumption of alcohol and might even have raised it slightly.
That conclusion relies, naturally, on the assumption that Prohibition itself
can be treated as exogenous. If the initiation or repeal of Prohibition, or the
level of enforcement during Prohibition, was partially a response to changes
in alcohol consumption, then the estimates reported above are biased. For
example, if Prohibition was enacted because of increasing consumption and
repealed due to declining consumption, the estimates reported here under-
state the true effect of Prohibition on alcohol consumption.

It is not possible to rule out this kind of bias on a priori grounds: the
exogeniety of Prohibition is the key identifying assumption of this paper.
Nevertheless, a number of related kinds of evidence at least make plausible
that the existence and enforcement of Prohibition were not substantially
affected by the behavior of alcohol consumption.

To begin, consumption was decreasing shortly before Prohibition took
effect and increasing for several years after it was repealed; this does not
prove what alcohol consumption would have been during the Prohibition
years in the absence of Prohibition, but it suggests just the opposite corre-
lation between Prohibition and alcohol consumption from that which would
cause the estimates reported here to understate Prohibition’s true impact
on alcohol consumption.

In addition, historical accounts cite a broad range of factors other than
alcohol consumption as causing both Prohibition and its repeal. One factor
leading to Prohibition was the huge number of immigrants during the first
decade and a half of the 20th century, since popular wisdom held that im-
migrants were heavy drinkers. A second factor was increasing urbanization,
which made the presence of the hard drinking, saloon frequenting, urban
poor more visible. (Clark, 1976). U.S. involvement in World War I may
also have played a significant role, by legitimating the view that turning
grain into alcohol was wasteful (Merz, 1932), by creating an air of moral
certainty that facilitated passage of prohibition (Sinclair, 1962), and by pro-
ducing a distaste for anything German (i.e., beer). The two key factors
usually credited with precipitating Prohibition’s demise (Levine and Rein-
arman, 1991) are the Great Depression, which both invalidated dry claims

20



that Prohibition promoted prosperity and produced a need for tax revenue,
and the increasing violence associated with Prohibition (Friedman, 1991).
None of these analyses can rule out changes in alcohol consumption as one
factor contributing to the initiation or elimination of Prohibition, but the
existence of other important factors does suggest bounds on the magnitude
of any endogeneity.

The other crucial fact to note in this context is that the age structure of
the population explains an enormous fraction of the variation in alcohol con-
sumption outside of the Prohibition period and of the variation in cirrhosis
over both the entire period and the non-Prohibition period. A regression
of either alcohol consumption or cirrhosis on a constant and the seven age
structure variables used above always yields an R? in excess of 0.87, and
for the 1934-1994 period (which excludes the interpolated age structure ob-
servations) the R? is 0.98 for alcohol and 0.95 for cirrhosis. Thus, there is
just not that much variation in consumption or cirrhosis left for Prohibi-
tion to explain, even if the estimates reported here are biased. Of course,
Prohibition might have changed the relation between the age structure and
consumption or cirrhosis, but the magnitude of that change would have had
to have been substantial for the basic message here to be seriously in error.

5 Discussion

The analysis above suggests that Prohibition exerted a minimal effect on
the per capita consumption of alcohol. Indeed, many specifications, includ-
ing some of those most defensible on a priori grounds, show positive effects
of Prohibition on cirrhosis and, by implication, alcohol consumption. Even
the most extreme of the estimates that allows for addiction and rationality
implies that Prohibition caused less than a 15 percent decline in cirrhosis rel-
ative to its non-Prohibition value. These are surprising results that require
discussion from several perspectives.

One critical issue is the relation between these results and existing work
on the elasticity of the demand for alcohol. That literature offers a broad
range of estimates, from virtually zero for certain subgroups to well in excess
of -1.0 overall.? Even taking the lowest estimates, however, a puzzle remains

9See Phelps and Leung (1991) for a detailed review, and Chaloupka, Grossman, Becker
and Murphy (1993), Chaloupka and Grossman (1994), Manning, Blumberg, and Moulton
(1995), Grossman, Chaloupka, and Sirtalan (1995), Chaloupka and Wechsler (1995) and
Moore and Cook (1995) for more recent work.
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because some of the regressions that are most plausible a priori suggest a
positive effect of Prohibition on consumption. This does not follow from
any standard preference structure even with totally inelastic demand.

An alternative explanation for the modest effect of Prohibition on con-
sumption is that Prohibition created a forbidden fruit effect, thereby in-
creasing preferences for alcohol and partially or perhaps fully offsetting the
depressing effects on demand of higher prices. This hypothesis receives anec-
dotal support in some contexts, and accounts of drinking behavior during
Prohibition are consistent with such an effect (e.g., the term “roaring 20s”).
Without a specific model of the forbidden fruit effect, however, (does it de-
pend on the mere existence of a prohibition, or on the level of enforcement
as well? does it affect some groups more than others, and why? etc), one
cannot interpret the evidence here as strong evidence for such an effect. Nev-
ertheless, the inability of other hypotheses to fully account for the empirical
results at least makes this hypothesis interesting.

A final issue is whether Prohibition in fact raised the price of alcohol.
Enforcement of prohibition and perhaps the mere existence of prohibition
tends to raise some costs of supplying a prohibited commodity, and rough
calculations suggest that the level of expenditure on Alcohol Prohibition was
comparable to recent levels of expenditure on drug prohibition; thus, the
standard presumption is that Prohibition raised alcohol prices substantially.
Under prohibition, however, suppliers face low marginal costs of evading
various kinds of costly government regulation, including income taxes, excise
taxes, child labor laws, environmental regulation, union labor laws, and
occupational health and safety regulation, amongst others. Many of these
kinds of government regulation were absent during the Prohibition era, but
several were present and substantial. Further, prohibition can help maintain
a market equilibrium in which suppliers do not advertise, which then permits
prices to fall relative to a legal market (Motta 1997). Thus, it is possible
that Prohibition failed to raise alcohol prices and might even have lowered
them.

The key question, then, is what happened to alcohol prices during Pro-
hibition. The conventional wisdom (e.g., Thornton (1991)) is based on data
in Warburton (1932) and Fisher (1926, 1928), and it holds that prices in-
creased substantially between the pre-Prohibition and Prohibition periods,
perhaps by as much as several hundred percent on average. Re-examination
of this evidence, however, suggests a more nuanced picture.

The first problem with the standard view is that it neglects the behavior
of the overall price level. Warburton’s data compare prices between 1911-

22



1915 and 1926-1930, while Fisher’s compare prices between 1916 and 1928.
Both authors examine the behavior of nominal prices, yet the price level
increased by approximately 75 per cent between these two periods (Bureau
of the Census (1975), p.211). Thus, at a minimum, the raw data presented by
Warburton and Fisher overstate the increase in the relative price of alcohol.

In addition, Warburton presents a broad range of prices for the Pro-
hibition period, and the lowest prices reported suggest that, even ignoring
inflation, some alcoholic beverage prices fell relative to the pre-Prohibition
period. This does not prove that consumers paid less, on average, for alco-
hol, but they certainly faced an incentive to buy at the lowest prices and
then stockpile the quantities purchased at these prices. The available data
do not allow computation of the average price actually paid, and the ex-
tremely high prices reported in many cases by both Warburton and Fisher
allow for the possibility that the average price paid in fact rose. But the
magnitude of this rise is undoubtedly less than they asserted, and it is at
least possible prices failed to rise substantially overall. If prices did not in-
crease very much, there is no puzzle in the failure of consumption to fall
substantially.

Determining which of the above hypotheses is the best interpretation
of the factual results in this paper is not possible without further research.
The implications of any interpretation, however, are important for policy
towards a wide variety of currently prohibited activities.
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Regressions of Cirrhosis on Alcohol Consumption

Table 1

Age Variables Excluded  Age Variables Included

Constant

Trend

Alcohol

Lagged Cirrhosis

Impact of Alcohol

Age Effects
N

R2

5.84
(4.87)

-0.03
(3.27)

5.17
(7.39)

5.17
(.000)

80

.50

0.36

(0.75)

0.00
(0.00

0.97

)

(33.11)

79

93

0.34
(0.72)

0.00
(0.58)

-0.33
(0.78)

1.00
(18.92)

752
(.994)

79

94

41.28
(1.57)

-0.03
(0.54)

351
(3.83)

3.51
(.000)

(.000)
80

94

3.03
(0.13)

-0.10
(2.16)

0.86
(5.21)

(.000)
79

.96

-10.23
(0.49)

-0.10
(2.04)

1.54
(2.12)

0.70
(4.27)

5.06
(.000)

(.000)
79

.96

Newey and West (1987) t-statistics in parentheses.
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Table 2
Regressions of Cirrhosis on Prohibition Dummy

OLS OLS OLS OLS v v

Cirrhosis;_; 096 1.21 120 150 170
(33.4) (6.63) (7.32) (3.16) (1.91)

Cirrhosis;_o -0.25 -0.16 -0.53 0.24
(1.45) (1.29) (1.16) (0.18)

Cirrhosis;_3 -0.08 -0.92
(0.69) (1.23)
Prohibition -4.37  -0.16 -0.34 -0.31 -0.03 0.78

(7.47)  (0.96) (1.52) (1.21) (0.07) (0.70)

Prohibition; 1 0.26 0.46 0.04 0.66
(1.82) (2.08) (0.11) (0.92)

Prohibition;_o -0.26 -1.08
(1.00) (1.14)

Impact of Prohibition -4.37 -4.42 -1.95 -2.45 0.17 NC
(.000) (.000) (.604) (.459) (.982)

N 94 93 92 91 91 89

R? .38 .96 .96 .96 .96 91

Newey and West (1987) t-statistics in parentheses.

NC = not computed because estimated roots of equation are unstable.
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Table 3
Regressions of Cirrhosis on Prohibition Dummy,
Age Variables Included

OLS OLS OLS OLS v v

Cirrhosis;_ 080 0.68 0.64 -0.19 -1.21
(7.49) (4.07) (3.65) (0.17) (0.54)

Cirrhosis;_2 -0.01 -0.17 0.49 0.42
(0.10) (1.31) (0.78) (0.25)

Cirrhosis;_3 0.24 0.29
(1.72) (0.29)
Prohibition -2.02 -0.00 -0.26 -0.34 -0.99 -1.95

(3.74) (0.00) (0.78) (1.03) (0.85) (0.83)

Prohibition;_1 032 044 074  0.46
(1.82) (1.18) (1.16) (0.26)

Prohibition;_o 0.16 0.88
(0.66) (0.58)

Impact of Prohibition -2.02  -0.01 0.17 0.84 -0.36 -0.40
(.000) (.997) (.898) (.550) (.703) (.610)

N 94 93 92 91 91 89

R2 .93 97 .98 .98 .96 92

Newey and West (1987) t-statistics in parentheses.
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Table 4
Regressions of Cirrhosis on Prohibition Dummy
and WWI Dummy, Age Variables Included

OLS OLS OLS OLS v v

Cirrhosisy_1 078 055 047 -0.93 -1.09
(7.78) (4.27) (3.54) (0.49) (0.54)

Cirrhosis;_» 0.10 -0.10 1.02 0.06
(1.03) (0.80) (0.91) (0.02)

Cirrhosis;_3 0.29 0.63
(2.08) (0.45)
Prohibition -2.57  -0.51 -0.34 -0.15 -1.09 -0.62

(4.45) (1.92) (1.81) (0.66) (0.98) (0.84)

Prohibition; 1 0.04 006 -0.04 -0.54
(0.23) (0.40) (0.09) (0.31)

Prohibition;_o -0.08 -0.00
(0.34) (0.01)
War-Prohibition -1.56 -1.23 -0.52 -044 -0.24 -0.21

(3.15) (5.16) (3.86) (2.82) (0.58) (0.40)

War-Prohibition;_; -0.93 -0.72 -254 -1.18
(5.68) (3.07) (1.19) (0.79)

War-Prohibition;_o -0.84 -2.74
(2.93) (0.83)

Impact of Prohibition -2.58 -2.29 -1.04 -047 -1.23 -0.84
(.000) (.000) (.086) (.623) (.012) (.150)

N 94 93 92 91 91 89

R2 .94 98 98 .99 .94 .94

Newey and West (1987) t-statistics in parentheses.
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Impact of Prohibition and Other Factors, Various Specifications

Table 5

OLS OLS OLS OLS OLS OLS OLS OLS OLS OLS
Early Prohibition 1.88 0.04
Late Prohibition -0.60 1.08
Enforcement of Prohibition -0.73 -1.56 12.70 421 117
State-Level Prohibitions -0.58 0.09 496 -0.25 -0.62
Drug Prohibitions -0.93 -0.10 -3.82 -0.40 -0.35
Alcohol Taxes 31.7 369 27.1 359 36.6
Prohibition -0.59 -0.65 992 0.87 9.17 -0.17

v v v v v v 1AY v v v
Early Prohibition -1.31 NC
Late Prohibition -0.90 NC
Enforcement of Prohibition -0.41 1.94 NC NC NC
State-Level Prohibitions -0.26 NC 1.96 NC NC
Drug Prohibitions -0.97 NC -1.10 NC NC
Alcohol Taxes 3.59 NC 6.49 NC NC
Prohibition -0.88 -1.01 0.04 -2.26 1.40 NC

NC = not computed because estimated roots of equation are unstable.
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Table 1a
Regressions of Cirrhosis on Alcohol Consumption, 1900-1919

Age Variables Excluded  Age Variables Included

Constant 1057 178 575 14442 7328 -1192.0
(6.11) (0.67) (1.98) (0.44) (0.23) (0.32)

Trend 014 -008 -0.11  -3.69 -2.19  -4.47
(5.37) (4.01) (4.43) (0.36) (0.20) (0.37)

Alcohol 4.91 2.59 2.05 2.15
(9.71) (2.26)  (2.03) (1.69)
Lagged Cirrhosis 1.08 0.56 0.01 -0.18
(6.65) (1.95) (0.03) (0.52)
Impact of Alcohol  4.91 5.89 2.05 1.82
(.000) (.000) (.042) (.009)
N 20 19 19 20 19 19
R? 91 .93 .96 .98 97 .98

Newey and West (1987) t-statistics in parentheses.
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Table 1b

Regressions of Cirrhosis on Alcohol Consumption, 1934-1966

Age Variables Excluded Age Variables Included

Constant -1.38  -0.91  -0.97  19.00
(1.63) (1.51) (1.53) (0.18)
Trend 0.13 0.09 0.09 -1.04
(9.73) (3.11) (3.02) (1.06)
Alcohol 0.52 0.31 0.89
(1.23) (0.79)  (1.00)
Lagged Cirrhosis 0.40 0.38
(1.76)  (1.59)
Impact of Alcohol  0.52 0.50 0.89
(.218) (.416) (.316)
N 33 33 33 33
R? .88 .89 .89 .93

4.1
(0.05)

1.66
(1.12)

0.17
(0.59)

33

93

6.59
(0.07)

1.42
(0.83)

0.76
(0.76)

0.13
(0.43)

0.67
(.495)

33

93

Newey and West (1987) t-statistics in parentheses.
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Table 1c

Regressions of Cirrhosis on Alcohol Consumption, 1964-1993

Age Variables Excluded Age Variables Included

Constant 30.18 7.28 5.06 -51.4 -48.6
(7.06) (4.20) (2.72) (2.06) (2.07)

Trend 024 -005 -002 047 051
(T57)  (4.69) (1.66) (6.45) (7.35)

Alcohol 4.20 -0.91 1.32
(2.87) (0.79)  (0.95)
Lagged Cirrhosis 0.86 0.95 -0.05
(17.0)  (15.5) (0.23)
Impact of Alcohol  4.20 -18.2 1.32
(.004) (.504) (.343)
N 30 30 30 30 30
R? 78 97 .98 .99 .99

-46.79
(1.93)

0.56
(5.60)

1.74
(1.07)

-0.18
(0.64)

1.47
(.251)

30

99

Newey and West (1987) t-statistics in parentheses.
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Table 1d
Regressions of Cirrhosis on Beer Consumption, 1900-1993

Age Variables Excluded

Age Variables Included

Constant

Trend

Beer

Lagged Cirrhosis

Impact of Beer

N

RQ

6.85
(4.19)

-0.02
(1.21)

0.34
(4.00)

0.34
(.000)

80

25

0.36
(0.75

0.00
(0.00

0.97

0.52
) (0.97)

0.00
) (0.59)

-0.03
(1.07)

0.99

(33.11) (27.3)

79

93

-5.67
(.874)

79

94

40.18
(1.69)

-0.03
(0.56)

0.30
(4.55)

0.30
(.000)

80

9

3.03
(0.13)

-0.10
(2.16)

0.86
(5.21)

79

.96

-6.27
(0.30)

-0.10
(2.15)

0.12
(1.91)

0.68
(3.81)

0.38
(.025)

79

.96

Newey and West (1987) t-statistics in parentheses.
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Table 1e
Regressions of Cirrhosis on Spirits Consumption, 1900-1993

Age Variables Excluded Age Variables Included

Constant 445 036 047 733  3.03  -7.83
(4.41) (0.75) (0.90) (3.16) (0.13) (0.39)

Trend 0.02  0.00 -0.00 -0.02 -0.10 -0.10
(3.51)  (0.00) (0.38) (0.23) (2.16) (2.02)

Spirits 6.67 0.43 2.63 1.25
(9.08) (0.66) (2.85) (1.98)
Lagged Cirrhosis 0.97 0.92 0.86 0.77
(33.11) (11.5) (5.21) (4.96)
Impact of Spirits  6.67 5.23 2.63 5.39
(.000) (.163) (.004) (.088)
N 80 79 79 80 79 79
R? 74 .93 94 .92 .96 .96

Newey and West (1987) t-statistics in parentheses.
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Table 1f

Regressions of Cirrhosis on Wine Consumption, 1900-1993

Age Variables Excluded

Age Variables Included

Constant

Trend

Wine

Lagged Cirrhosis

Impact of Wine

N

RQ

12.71
(12.7)

-0.05
(1.97)

2.83
(2.18)

2.83
(.029)

80

.16

0.36  -0.35
(0.75)  (0.62)

0.00  0.01
(0.00)  (1.98)

-0.61
(3.13)

0.97  1.00
(33.11) (32.9)

101.2
(.804)

79 79

93 94

116.1  3.03
(5.57) (0.13)

0.0l -0.10
(0.13)  (2.16)

0.57
(0.47)
0.86
(5.21)
0.57
(.637)
80 79
91 .96

5.63
(0.26)

-0.10
(2.34)

-0.41
(0.52)

0.86
(4.96)

-3.04
(.722)

79

.96

Newey and West (1987) t-statistics in parentheses.
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Figure 1: Alcohol Consumption Per Capita, 1900-1993
Gallons of Pure Alcohol
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Figure 2: Cirrhosis Death Rate, 1900-1993
Deaths per 100,000 Population
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