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Table A7: Selected Parameter Estimates: Body Mass Index in period

Without UH With UH
Variable Estimate  Std. error  Estimate  Std. error
Smoker in t — 1, S;_1 0.005 0.005 0.001 0.005
Years of cessation, Cy 0.000  0.000 -0.001 0.000 **
€?/100 0.001 0.000 * 0.001 0.001 **
Years of duration, Dy -0.001 0.000  *** -0.001 0.000 ***
D?/lOO 0.002 0.001 ** 0.002 0.001 ***
Years of experience, E; 0.000 0.000 * 0.001 0.000 ***
E?/100 -0.001 0.001 ** -0.002 0.001 ***
1[CVD;_; = 1] 0.004 0.005 -0.001  0.005
1[CVD;_1 > 1] 0.017 0.009 0.014 0.009
CAN;_4 0.020 0.011 0.007 0.011
DIA; 4 -0.018 0.010 0.004 0.012
E_CVD,_, 0.003 0.005 0.005 0.006
N_CVD,_, -0.003  0.002 -0.006  0.004
E_CAN, ; -0.009 0.007 -0.001  0.007
E DIA, 0.000 0.005 -0.021 0.007 F**
E_CVD, ; * Si—1 -0.003 0.006 -0.019 0.016
E_CAN, ; *S;_4 -0.029 0.013 ** -0.006 0.013
E DIA, ; * S -0.010 0.011 0.002 0.006
BMI, ; 0.102 0.002 *** 0.110 0.011  *F**
BMIZ , /100 0.016 0.004 *¥* 0044 0022 **
SBP;_1 -0.001  0.000 -0.001  0.000
SBPZ_, /100 0.000 0.000 0.000 0.000
DBP;_ 0.002 0.001 ** 0.002 0.001 **
DBP?_, /100 -0.001 0.000 ** -0.001  0.000 **
CHO;_1 0.000 0.000 0.000 0.000
CHOZ , /100 0.000  0.000 0.000  0.000
BMI, SBP, DBP missing 2.682 0.043 F** 2.637 0.190 *F**
CHO missing -0.014 0.019 0.000 0.020
ART; 4 0.000 0.002 -0.001  0.002
Constant -0.003 0.048 -0.734 0.150 ***

Note: Specifications also include controls for age, education, ancestry,
origin, cohort, and year trends. Standard errors are in parentheses.

K3k

indicates joint significance at the 1% level; ** 5% level; * 10% level.



B The Role of Unobserved Heterogeneity

While the rich observed health heterogeneity of individuals plays an important role in
explaining the mortality rates of individuals with different lifetime smoking patterns by
addressing concern over confounding (using observable data), individual UH also plays
an important role. Its main function is to capture the correlation, through unobserv-
ables, among the modeled behaviors and outcomes that would otherwise bias estimated
impacts of the smoking and health histories. Our jointly estimated model allows for
UH that is likely to be common across a lifespan (such as genetics, risk-aversion, time
preference or self-esteem, for example) as well as differences that may vary over time
(such as unobserved stress or health, for example). We model these two types of UH
using discretized distributions characterized by mass point vectors that describe the
impact of each type of heterogeneity on the outcomes of interest. Appendix Table A6
displays the estimated coefficients and standard errors that capture the distributions.
Estimated probability weights of each mass point are listed in the last column.

Recall that we replicate, R times, the exogenous characteristics of all individuals
in our estimation sample, N. For each replication, we use the estimated heterogeneity
distributions to draw a permanent “type” that is common for that replicated individ-
ual across all time periods and a second “type” that varies each time period. Using
the estimated model to simulate lifetime behavior and outcomes (from an individual’s
observed initial age through age 100), we show that lifetime smoking probabilities differ
by these unobserved types. While it is difficult to depict the differences associated with
the time-varying UH, we can condition on (simulated) permanent UH type and plot
the resulting smoking rates by age (Figure B1). We order the “types” by the simulated
smoking probability at age 40 (i.e., highest to lowest).!

The distribution of permanent UH suggests that about 17 percent of the sample
(types 1 and 2) are as much as 20 percentage points more likely to smoke at any given
age than the other 83 percent. The figure correctly shows that this time-invariant un-
observed determinant of smoking shifts smoking probabilities uniformly, unconditional
on smoking and health histories, at each age.? Additionally, the model allows for be-
havior and outcome shifters each two-year period based on a draw from the distribution
capturing time-varying unobservables. A likelihood ratio test comparing the goodness
of fit of the nested models with and without UH suggests that the model with UH fits

!The figures in parentheses are the simulated proportions of each permanent UH type. Appendix
Table A2 displays the estimated proportions.

2The permanent UH is linearly added to the operand of the linear (OLS) and non-linear (LOGIT
or MLOGIT) operators. For the latter, this does not translate into an intercept shift but also depends
on the level of the product of observed variables and their coeflicients.
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Figure B1: Smoking Probabilities by Permanent Unobserved Heterogeneity

Smoking at Age a by Permanent Type
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Note: The colored lines indicate each heterogeneous type, with probabilities
in parentheses.

significantly better.

Using the same ordering based on smoking propensity, we also report the mortality
outcomes for each permanent UH type in Table B8. We see that those individuals with
an UH type that makes them more likely to smoke also experience the shortest lifespan
with an average age of death of 71.8. They also have the highest proportion of cancer
deaths. Types 5 and 6, who are the least likely to smoke, have the highest mean (at
75.1 and 73.9, respectively) and percentile ages of death. Type 3 individuals are much
more likely to have a CVD-related death than any of the other types. Finally, note that
type 2 captures individuals with high smoking rates yet longer than average expected
lifetimes.

These conditional (on UH type) death distributions reflect 1.) differences in lifespan
due to unobserved permanent factors (like genetics or time preferences) as well as 2.)
differences in smoking behavior (as illustrated in Figure B1). While we cannot say
exactly what the UH captures, knowing these different smoking and mortality patterns
by type gives us insight into both the estimation results and policy recommendation.
First, the (unconditional on type) death distribution would be different if UH were
ignored. (We see this in the biased coefficients of the model without UH.) It is not simply
that inclusion of UH improves precision by reducing important selection, endogeneity,
and measurement error biases, but it allows different lifetime smoking patterns which
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Table B8: Age and Cause of Death by Permanent Unobserved Heterogeneity

Permanent Simulated Age of death distribution (percentile) Cause of death
UH Type Percent Mean 10th 25th 50th 75th 90th CVD Cancer Other

1 139 718 o7 65 72 79 86 28.1 29.9 42.0
2 3.3 734 59 66 74 81 87 43.0 24.3 32.7
3 14.5 725 57 65 73 80 86 56.7 15.6 27.6
4 3.3 729 58 66 74 80 87 44.6 13.4 42.0
) 29.5 75.1 60 68 76 83 89 35.2 28.4 36.3
6 35,5 739 59 67 75 82 88 46.4 25.1 28.5

in turn have non-linear feedback effects (on both health and subsequent smoking) via
the dynamic system of equations. Second, policy evaluation should be more sensitive
to distributional issues knowing there is heterogeneity in the population in terms of
smoking initiation rates, quit rates, relapse rates, and mortality rates. We find, for
example, that some individuals are more predisposed to smoke, but only some of these
have shorter expected life spans.

C Historical Data

In this appendix we discuss the cigarette advertising and price data used to construct
important cigarette market variables over the 19th and 20th centuries. For each variable
(i.e., average advertising expenditure and average price), we first provide a justification
of its use as an instrument for cigarette smoking and then discuss details associated
with construction of the advertising expenditure and price time series. Some of the
discussion focuses on the state of Massachusetts, since the FHS data are from the town
of Framingham.

C.1 Advertising and Cigarette Consumption

We use industry-wide advertising spending to instrument for cigarette initiation during
the years 1895-1939 and for smoking behavior over the years 1950-1996. There are
two key conditions needed for identification: smoking initiation must be responsive
to advertising and trends in advertising spending must be aimed at market expansion
rather than brand switching. We deal with each of these issues in turn making reference
to the literature.

The first condition is that firm advertising impacts smoking behavior. There are
several channels by which this could occur. For example, during the pre-World War 11
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period cigarette advertising increased social acceptability of smoking (particularly for
women for whom it had been considered taboo), promoted the image of smokers as inde-
pendent and glamorous, and listed health benefits such as hunger suppression (Brandt,
2007). There is empirical evidence linking advertising to youth smoking initiation (and
almost all smokers in our data begin smoking by the teen years). In their survey of the
economics of smoking, Chaloupka and Warner (2000) note that advertising has a posi-
tive and significant impact on teen smoking initiation in studies using individual-level
data. Borden (1942), Tennant (1950), and Pierce and Gilpin (1977) note that cigarette
advertising during our study period was primarily targeted to groups, such as female
youths, which had not smoked previously, and that these groups experienced greater
increases in smoking initiation rates at those times. Telser (1962) provides estimates
which show that firm-level cigarette advertising increased overall smoking levels during
1925-1939. (Participants in the FHS original cohort were born between 1886 and 1918
and were in their teens between 1900 and 1932.)

The second condition deals with the intentions underlying the decision to advertise.
Advertising can both increase demand (the focus here) and also lead to brand switching
(which might not increase smoking initiation). The main threat to identification would
be if the latter effect predominates or if it changes in importance over time. In the
period through 1912 this is not a major concern since cigarettes and all other forms of
tobacco were sold by a monopolist, the American Tobacco Company, also referred to as
the Tobacco Trust. Since there was limited variation of prices and market segmentation
at this time, there would be little advertising related to brand-names. In the post-Trust
period, the industry largely moved in lock-step. The main cigarette manufacturers were
convicted in 1941 of violating the Sherman Act, both Section 1 (restraint of trade) and
Section 2 (monopolization). For example, the wholesale prices of all leading brands were
identical from 1928 to 1946 and virtually identical prior to that with manufacturers
changing prices within days of one another. In such an environment of likely tacit
collusion, an important feature of advertising was to increase smoking overall as much
as to promote individual brands. Echoing the goals of smoking advertising in the
last paragraph, George Washington Hill, president of American Tobacco, testified at
the 1941 anti-trust trial: “The impetus of those great advertising campaigns not only
built this for ourselves, but built the cigarette business as well ... You don’t benefit
yourself most, I mean, altogether ... you help the whole industry if you do a good
job” (p. 137, Tennant (1950)). There were two periods of relatively strong competition:
the period immediately following the dissolution of the Tobacco Trust and the 1930s
with a short-lived rise of economy cigarettes. Counter to what would be expected

under brand-switching, advertising moved erratically in the first period and decreased
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during the latter period (see Figure C2). Also Telser (1962) shows that advertising
at the brand-level was market expanding and that brand-stealing effects are small in
magnitude during the 1920s and 1930s.

C.2 Construction of Advertising Expenditures Time Series

Annual nominal advertising spending on cigarettes, exclusive of free goods (e.g., give-
aways of cigarettes) and other non-traditional advertising, comes from a variety of
sources. Spending for the years 1893-1913 are from United States Department of Com-
merce (1915), which lists advertising spending per cigarette and also total cigarette
sales. These totals include the entire cigarette business of the American Tobacco Com-
pany (the Tobacco Trust), exclusive of exports and foreign manufacturing business as
well as Turkish cigarettes. Spending for the years 1893-1910 and the spending by the
Trust’s successor companies for 1912-1913 are government assembled totals completed
in the wake of the the Supreme Court’s break-up of the Trust in 1911. (No data are
available for 1911 and spending is interpolated for that year).

Advertising expenditure for the years 1914-1928 are based on Nicholls (1951). Nicholls
lists R.J. Reynolds Tobacco Company’s cost of advertising, exclusive of gratis goods.
Largely due to its Camel brand, over most of this period Reynolds was the lead-
ing cigarette producer and it annually sold between a third and almost half of all
cigarettes. The aggregate spending on cigarettes is approximated by dividing this total
by Reynolds’ share of total cigarettes and multiplying this by the share of cigarettes
among all tobacco products.

Expenditures for the years 1929-1949 are drawn directly from Fujii (1980). He uses
a variety of primary and secondary sources to create an index of corporate cigarette
advertising. Expenditures for the years 1950-1962 come from Schneider et al. (1981).
They credit their series to a telephone interview with Television Bureau of Advertising,
Inc. Both of these sources list real spending.

Advertising expenditure values from 1963 onwards are from the Federal Trade Com-
mission (2013). Starting in this year the FTC began collecting information on cigarette
spending across a variety of media including TV, radio, print and others. In all cases
we net out totals related to price promotion, promotional allowances, and other specific
channels which were added in later years.

We consider a variety of robustness checks to ensure that differences between these
sources do not create artificial variation. Several of the series overlap and the patterns
discussed below remain when we use values for the other series. These overlaps include
United States Department of Commerce (1915) and Nicholls (1951) which both include
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data for 1913; Nicholls (1951) and Fujii (1980) which both include data for 1929-1949
(Nicholls” data are for Reynolds’ total traceable advertising expenditures over 1939-
1949); Fujii (1980) and Schneider et al. (1981) which both include data for 1950-1973;
Schneider et al. (1981) and Federal Trade Commission (2013) which both include data
for 1963-1978. A second check was to include additional company’s advertising spending
during 1914-1928. Nicholls (1951) includes data for American Tobacco for 1925-1928,
and aggregate spending on cigarettes is not sharply changed when the same approach
described earlier is used. Advertising costs for American for 1929-1939 and Ligett &
Myers for 1935-1939 is also available and is used to compare Nicholls (1951) and Fujii
(1980) in the first robustness check. Finally, as a robustness check we compare these
assembled values to other data sources. Borden (1942) includes various measure of
total advertising over 1929-1939 for Camels and for all brands that are comparable to
the values in Nicholls (1951) and Fujii (1980). Tennant (1950) presents several series
that are identical or follow a similar pattern as United States Department of Commerce
(1915) and Nicholls (1951).

Additionally, our assembled time series cigarette advertising expenditure data are
converted into per capita terms using the United States population figures from United
States Census Bureau (2000), United States Census Bureau (2011), and United States Cen-
sus Bureau (2012). In all cases, terms are converted to year 2000 dollars using Bureau
of Labor Statistics (2013) for 1913 onwards and Sahr (2013) for earlier years.

Figures A2a and A2b graph the resulting time series in levels and per capita terms,
respectively. A few common features are present in both series. There is a run-up in
advertising after the break-up of the Tobacco Trust (i.e., annual spending tripled within
three years) as well as a reduction in advertising during each of the World Wars and
The Depression. There was another steady increase in the post-war period (i.e., annual
spending went up almost eight fold from 1945 to 1967), and then fell starting in 1967
with the FCC’s ruling in that year that the fairness doctrine required anti-smoking ads
on TV and radio and the 1971 ban in ads on those media. Advertising again climbed
in the mid-1970s to the mid-1980s, after which it steadily declined.

C.3 Prices and Cigarette Consumption

Standard price theory suggests that own prices should impact cigarette consumption.
The important distinction is that, as highlighted in the theoretical foundation section,
smoking decisions are inherently dynamic: smoking impacts future health and future
utility (via preferences that capture addiction). The rational addiction literature shows
forward-looking agents alter their smoking behavior based on both current and expected
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Figure C2: Annual Real Aggregate Cigarette Advertising Expenditure
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future cigarette prices (Becker and Murphy (1988); Gruber and Koszegi (2001)). In the
analysis below we focus on contemporaneous prices.

There is a large literature documenting economically and statistically significant
effects of prices (Chaloupka and Warner, 2000). For youth the price elasticity is -0.5
to -1.5, reflecting the responsiveness of smoking initiation (which determines the initial
conditions in our estimation framework). For adults the price elasticity is -0.2 to -0.5,
reflecting responsiveness of quits, relapse, and conditional intensity (captured by the
contemporaneous smoking equations in our estimation framework). These results come
mainly from analyses of recent data. It is noted that our data involve an earlier period
with different technologies (e.g., non-filtered cigarettes were not introduced until the
1950s) and social mores with regards to smoking.

For identification purposes, we argue that our price data are exogenous. There are
two main threats to this argument. The first issue is that firms might set prices strate-
gically in response to consumer demand, and such reverse causality will lead to bias.
While tobacco companies have some market power, it is important to remember that
other factors shape consumer prices. The additional factors are federal and state excise
taxes on cigarettes, state sales taxes, and state-imposed price regulations. These factors
change for reasons that are largely exogenous to cigarette demand: the introduction
and subsequent increases in Massachusetts cigarette excise taxes through at least 1950
were instituted as emergency measures related to budget shortfalls; Massachusetts im-
plemented a minimum cigarette price law in 1945 and over time continued to tinker
with its formula (e.g., the mark-up rate, whether the state excise tax is included, differ-
ential treatment of less expensive brands, differential prices for non-chain stores). We
show in the next subsection that taxes comprise on average half of the consumer price,
and this share varies substantially over time. The minimum price rule makes it difficult
for cigarette manufacturers to set final consumer prices; while the minimum price is
based on wholesale prices, the specific formula continually changes (Annotated Laws of
Massachusetts, 2007).

The second concern is that consumers buy cigarettes in other states that have lower
prices. (There is far more price variation between- rather than within-states due to the
role of state taxes and regulations.) Merriman (2010) shows that large tax differences
lead to substantial cross-border shopping particularly over short distances. If this is
true then observed prices at the state level would not reflect the true price that con-
sumers face, and the extent of the mismeasurement would vary based on the size of
the price differential. In the case of Framingham Massachusetts, the nearby states are
Connecticut, New Hampshire, Rhode Island, and Vermont. For the years 1955-2011

Connecticut and Rhode Island have comparable prices as Massachusetts (Orzechowski
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and Walker, 2011), so cross-border shopping is not an issue. New Hampshire and Ver-
mont both have lower prices over at least a portion of this period. Still, it is unlikely
that cross-border shopping was a big issue over much of our sample, due to the rela-
tively high cost of inter-state transportation until at least the 1950s and 1960s. There is
also indirect evidence against cross-state traffic: the price differential grows over time,
so if there is more inter-state purchases then sales between the states should become
more lopsided over time. Per capita sales in New Hampshire and Vermont increased
relative to Massachusetts when the price differential first started to become significant
(i.e., the 1960s for New Hampshire and 1970s for Vermont). But, in the next decade
as the price differential continued to grow, sales stopped shifting to the other states or
even shifted back to Massachusetts.

C.4 Construction of Prices Time Series

This subsection discusses construction of the cigarette price time series for the period
1901-2011. The series is for Massachusetts, the smallest area for which we could collect
prices. (We argue this is reasonable given the relatively small size of Massachusetts).
In all cases prices are per one thousand cigarettes (an industry standard), include all
state and federal taxes, and are converted to year 2000 dollars using Bureau of La-
bor Statistics (2013) for 1913-2011 and Sahr (2013) for earlier years. We generate
various summary statistics including the unweighted-average, minimum across brands,
and these values exclusive of generics/economy brands. (Generic/economy brands were
prominent for three periods: 1901-1910, 1931-1950 and 1991-2011.)

Prices through 1950 come from a variety of sources that list price at the brand-level
and at the national level. (Taxes and other Massachusetts-specific factors are discussed
below.) Prices for 1901-1911 are from United States Department of Commerce (1915).
Prices are available annually for the principal brands of the American Tobacco Company
(the Tobacco Trust), exclusive of Turkish cigarettes. The principal brands comprised
a majority of sales, with one brand accounting for three-fourths of domestic sales in
the beginning of the period. These are government assembled totals completed in the
wake of the the Supreme Court’s break-up of the Trust in 1911. (No data are available
for 1911 and prices are interpolated for that year). There is also data from this source
for 1912-1913 for the Trust’s successor companies, which is combined with the sources
listed below.

Prices for 1912-1950 are based on Nicholls (1951). This source lists the date and
level of all list price changes for the main brands. The market was quite concentrated
during this period and just the three leading brands (Lucky Strikes, Camel, Chester-
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field) accounted for almost all sales until the 1930s and two-thirds of sales through
1950 (Maxwell, various years; Nicholls, 1951). The data include prices for all brands,
including economy/generics, which account for virtually all domestic cigarette sales.
The price level and date of change were checked against Tennant (1950) and there are
only a few and relatively minor discrepancies. Massachusetts cigarette excise taxes (a
per unit tax) were first introduced 11 August 1939 and are added onto these prices.
(Federal excise taxes are included in the list price.)

No data are available for 1951-1954 and interpolation is used. The only change in
taxes during this time was a one cent per pack increase in the federal excise tax on
cigarettes on 01 November 1951.

Data for 1955-2011 are from Orzechowski and Walker (2011), which lists average
retail price by state. Prices are the market share-weighted average of prices of all brands
based on surveyed consumer prices in Massachusetts for fiscal years ending 30 June.
A separate series, which includes generics brands, is included starting in 1991. Prices
include state and federal cigarette excise taxes but do not include sales taxes. Prices
were adjusted to reflect the sales tax after Massachusetts removed the exemption for
cigarettes on 01 July 1988.

Figure C3 graphs the resulting price time series. This figure uses the minimum
price across brands and omits generics. In our main analysis we focus on the average
price exclusive of generics. The omission of generics is relatively innocuous since for the
years of our main model (1952-1996) the different summary statistics (of prices with and
without generics) are virtually identical (i.e., generic/economy brands were prominent
for three periods — 1901-1910, 1931-1950, and after 1990 — which only overlap with
the very end of our observation period). Figure A3a. shows prices over the century.
While they appear relatively stable, note the wide-range of the vertical axis. (In fact,
the post-2000 period is omitted from the graph since prices continue to rise and this
would further obscure the variation.) Prices collapse almost in half after the dissolution
of the Tobacco Trust in 1911. Prices then rise and fall repeatedly during the 1920s ,
1930s, and 1940s. Prices then steadily rise for the next two decades, dip again, and
finally increase sharply in the 1990s. Figure A3b. shows that, on average, half of this
price is composed of taxes (i.e., state and federal excise taxes on cigarettes as well as
state sales tax). This information is helpful for identification since the tax share is
one of the main sources of variation in prices, and it oscillates for non-demand reasons
(e.g., taxes rise during World War 2 when fiscal demands necessitated the creation of
the state excise tax, initially an emergency measure, and increases in the federal tax).
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