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Summary

Smoking cessation efforts in Japan reduce smoking rates. A future zero-smoking policy would
completely prohibit smoking (0% rate). We therefore analyzed the social welfare of smokers
and non-smokers under a hypothetical zero-smoking policy. The demand curve for smoking
from 1990 to 2014 was estimated by defining quantity as the number of cigarettes smoked
and price as total tobacco sales/total cigarettes smoked by the two-stage least squares method
using the tax on tobacco as the instrumental variable. In the estimation equation (calculated
using the ordinary least squares method), the price of tobacco was the dependent variable and
tobacco quantity the explanatory variable. The estimated constant was 31.90, the estimated
coefficient of quantity was − 0.0061 (both, p < 0.0004), and the determinant coefficient
was 0.9187. Thus, the 2015 consumer surplus was 1.08 trillion yen (US$ 9.82 billion) (95%
confidence interval (CI), 889 billion yen (US$ 8.08 billion) – 1.27 trillion yen (US$ 11.6
billion)). Because tax revenue from tobacco in 2011 was 2.38 trillion yen (US$ 21.6 billion),
the estimated deadweight loss if smoking were prohibited in 2014 was 3.31 trillion yen (US$
30.2 billion) (95% CI, 3.13 trillion yen (US$ 28.5 billion) – 3.50 trillion yen (US$ 31.8 billion)),
representing a deadweight loss about 0.6 trillion yen (US$ 5.45 billion) below the 2014 disease
burden (4.10-4.12 trillion yen (US$ 37.3-37.5 billion)). We conclude that a zero-smoking policy
would improve social welfare in Japan.
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1. Introduction
In Japan, smoking cessation is promoted based on the
Healthy Japan 21 (second term) health and assessment
project, in which the rate for adult smoking is set at
12% and the rate for underage (younger than age 18)
smoking is set at 0%. Due to smoking cessation efforts
in Japan, smoking rates have declined in recent years
(Figure 1). The next step in an anti-smoking policy
would be the entire prohibition of smoking to achieve
a smoking rate of 0%, namely, a zero-smoking policy.
In order to evaluate a zero-smoking policy, the social
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welfare of both smokers and non-smokers must be
considered. Even though a zero-smoking policy has
not yet been discussed as actual policy by governments
including that of Japan, this paper has examined how
such a hypothetical policy would affect the social
welfare of both smokers and non-smokers.
Three previous studies have estimated the disease
burden due to smoking to be 3.96 (1), 7.15 (2), and
4.13 (3) trillion yen (US$ 36.0, 65.0, and 37.5 billion,
respectively, assuming $ 1 = 110 yen (Table 1)).
Although these numbers appear to differ substantially,
a previous study by the current authors adjusted those
numbers by standardizing the population of smokers
in 1990 as 45.74 million and the unit cost of the
opportunity cost (the willingness to pay for 1 qualityadjusted life year gain (4)) as 6 million yen. The
resulting numbers were 7.34, 7.35, and 7.33 trillion
yen (US$ 66.7, 66.6, and 66.8 billion), respectively (4).
If the population of smokers in 2014 is assumed to be
25.16 million, then the disease burden of smokers in
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0.03 (0.27)

Labor Force Loss by Smoking-related Diseases
Smoking
Hospitalization by Excess Morbidity

www.ddtjournal.com

3.96 (36.03)

Total

a

The unit cost of the opportunity cost
was the per capita National Income.

The unit cost of the opportunity cost
was the per capita National Income.

• Subjects were 40 years of age or
older.
• The unit cost of the opportunity cost
was the per capita National Income.

• The total number of hospitalizations
was defined as the product of the
number of inpatients per day and the
average duration of hospitalization.
• Subjects were 45 years of age or
older.
• The unit cost of the opportunity cost
was the per capita National Income.

The unit cost of the opportunity cost
was the per capita National Income.

• The total number of hospitalizations
was defined as the product of the
number of inpatients per day and the
average duration of hospitalization.
• The unit cost of the opportunity cost
was the per capita National Income.

• Subjects were 45 years of age or
older.

Smoking rate as of 1965.

Costs lower than 0.005 trillion yen are shown with a "–".

Institute of Health Economics and Policy, 1997 (1)

2.73 (24.81)

Subtotal

Source

0.01 (0.07)

–

0.06 (0.55)

–

Death

Labor Force Loss by Fire Due to Smoking
Hospitalization by Injury

Excess Mortality

Passive Smoking
Hospitalization by Excess Morbidity

2.63 (23.91)

1.23 (11.23)

Subtotal

Excess Mortality

0.01 (0.10)

–

Not calculated

1.22 (11.13)

1993

Passive Smoking
Health Expenditures by Excess Morbidity

Dental Health Expenditures by Excess Morbidity

Health Expenditures by Effects on Embryos

Excess Health Expenditures
Smoking
Health Expenditures by Excess Morbidity

Index year

The unit cost of the opportunity cost
was the per capita Net Domestic
Product (NDP).

• Subjects were 40 years of age or
older.
• Subjects were individuals from 45
to 75 years of age with breast cancer.

• The unit cost of the opportunity cost
was the average compensation for
employees.
• Compensation for employees was
discounted by 3%.

Aburatani, 2002 (2)

7.15 (65.04)

5.85 (53.14)

0.01 (0.08)

–

• The unit cost of the opportunity cost
was the per capita NDP.
• Compensation for employees was
discounted by 3%.

The unit cost of the opportunity cost
was the per capita NDP.

Institute of Health Economics and Policy, 2010 (3)

4.13 (37.59)

2.37 (21.51)

0.01 (0.06)

–

• Subjects were 40 years of age or
older.
• The unit cost of the opportunity cost
was the average compensation for
employees.
• Compensation for employees was
discounted by 3%.
The unit cost of the opportunity cost
was the average compensation for
employees.

• Subjects were 40 years of age or
older.
• The unit cost of the opportunity cost
was the per capita NDP.
• Compensation for employees was
discounted by 3%.

0.13 (1.17)

• Subjects were 40 years of age or
older.
• The unit cost of the opportunity cost
was the average compensation for
employees.

–

0.11 (1.00)

• Subjects were 40 years of age or
older.
• The unit cost of the opportunity cost
was the per capita NDP.

–

• The unit cost of the opportunity cost
was the average compensation for
employees.
• Compensation for employees was
discounted by 3%.

5.38 (48.92)

2.00 (18.17) • The unit cost of the opportunity cost
was the per capita NDP.
• Compensation for employees was
discounted by 3%.

0.22 (1.97)

0.34 (3.10)

0.14 (1.30)

0.18 (1.59)

–

1.45 (13.18) Smoking rate as of 1980.

1.77 (16.07)
The unit cost of the opportunity cost
was the average compensation for
employees.

• Subjects were 40 years of age or
older.

• Smoking rate as of 1974.
• "Bronchitis or COPD" was included
in Emphysema.

2005

1.31 (11.90)

0.01 (0.13)

–

–a

1.29 (11.76)

1999

Table 1. Estimation of disease burden due to smoking in previous studies in trillions of yen (billions of US dollars)
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2014 could be estimated as 4.10-4.12 trillion yen (US$
37.3-37.5 billion). In any case, smoking poses a huge
burden to society.
The disease burden due to tobacco was estimated
to be € 21 billion in Germany (5), US$ 15.8 billion in
California (6), US$ 5.03 billion in China (7), US$ 3.154.58 billion in South Korea (8), and US$ 291-336 million
in Taiwan (9). If these estimates are converted to per
capita figures, then the disease burden would be € 286
(assuming € 1 = US$ 1.1), US$ 471.60, US$ 4.05, US$
68.00-98.90, and US$ 13.00-15.00. The disease burden
per capita in Japan is US$ 570, which seems to be larger
than that in the countries or regions listed. However,
populations, smoking rates, and the unit cost of the
opportunity cost may differ by country, so international
comparisons should be made with great caution.
Smoking differs from other diseases because
smokers decide to smoke of their own free will and
because smoking may have some utility for them.
Needless to say, the disease burden is a negative
externality for them, and thus they do not factor it when
they assess smoking's utility. However, smokers are
also members of society, so the utility they derive from
smoking should not be ignored as long as smoking is
evaluated from a societal point of view.
Thus, a zero-smoking policy could be rationalized
if the deadweight loss due to the zero-smoking policy
proves to be less than the disease burden. If not, a zerosmoking policy would be a welfare loss to society. To
the extent known, such a welfare analysis has not been
conducted. Therefore, this paper has examined the
social welfare resulting from a zero-smoking policy.
2. Methods
A general demand curve for a good in a market is
shown in Figure 2. According to basic economics, if
tax rate t were imposed on the consumer in this market,
consumer surplus would be abg, tax revenue would be
gbeh, and thus deadweight loss should be bec, which
is the welfare loss due to taxation. If the tax rate rises
to t' in Figure 3, demand for this good disappears, and
thus consumer surplus and tax revenue must be zero.
In this case, the deadweight loss would be b'e'c. Hence,
a zero-smoking policy reduces social welfare by the
amount of this deadweight loss, and thus the additional
deadweight loss should be the consumer surplus plus
tax revenue before prohibition in Figure 2. However,
a society in which smoking is prohibited can earn as
much as the disease burden due to smoking. If the
deadweight loss is smaller than the disease burden, then
the zero-smoking policy would be a welfare gain to
society, but if not, the zero-smoking policy would be a
welfare loss to society.
To estimate the demand curve for smoking, its
quantity is defined as the number of cigarettes smoked,
according to the Japan Tobacco Association (http://
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www.tioj.or.jp/data/index.html), and its price is defined
as the total amount of tobacco sales divided by the
number of cigarettes smoked, deflated by the Consumer
Price Index.
The demand curve for tobacco estimated was
using the ordinal least squares method, with the price
of tobacco serving as the dependent variable and the
quantity of tobacco serving as an explanatory variable.
The period studied was from 1990 to 2014. The price
and the quantity of cigarettes smoked were determined
simultaneously, and the two-stage least squares method
was used with the tax on tobacco as the instrumental
variable.
This study involved no ethical concerns since only
previously published data were used.
3. Results and Discussion
Figure 4 shows the observed quantity and price as
dots and the fitted line according to the two-stage least

Figure 1. Tobacco use in Japan. The solid line represents
the number of cigarettes smoked according to the Japan
Tobacco Association (http://www.tioj.or.jp/data/index.html),
and this number is scaled on the left-hand axis. The dashed
line represents the number of cigarettes smoked per capita,
which is divided by the population over 15 years, as was cited
from http://www.health-net.or.jp/tobacco/product/pd070000.
html. This number is scaled on the right-hand axis. The authors
created this figure from the data mentioned above.

Figure 2. Demand curve for tobacco. In this market, the
pyramid-shaped area of abg indicates consumer surplus, the
square area of gbeh indicates tax revenue, and the pyramidshaped area of bec indicates deadweight loss. The authors
created this figure.
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Figure 3. Deadweight loss due to a zero-smoking policy. If
the tax rate rises to t', the quantity should be zero. In this case,
deadweight loss would be the pyramidal shape of b'e'c. The
authors created this figure

Figure 4. Plot of the price and quantity of tobacco in
Japan and a fitted line. Dots indicate the price and quantity
of tobacco from 1990 to 2014 according to the Japan Tobacco
Association (http://www.tioj.or.jp/data/index.html). The line
represents the fitted line as a result of estimating two-stage
least squares. The authors created this figure from the data
mentioned above.

squares method. The estimated constant term was
31.90, and the estimated coefficient of quantity was −
0.0061. The p-values for both were less than 0.0004.
The determinant coefficient was 0.9187.
On the basis of these results, the consumer surplus
in 2015 was calculated to be 932 billion yen (US$ 8.48
billion) with a 95% confidence interval (CI) ranging
from 746 billion yen (US$ 6.788 billion) to 1.20 trillion
yen (US$ 10.2 billion). Because tax revenue from the
tobacco tax in 2011 was 2.38 trillion yen (US$ 21.6
billion), the deadweight loss if smoking were prohibited
in 2014 was estimated to be 3.31 trillion yen (US$ 30.2
billion) with its 95% CI ranging from 3.13 trillion yen
(US$ 28.5 billion) to 3.50 trillion yen (US$ 31.8 billion).
If smoking were prohibited in 2014, the deadweight
loss, which was estimated as 3.31 trillion yen (US$
30.2 billion), would be about 0.8 trillion yen (US$ 7.27
billion) less than the disease burden in 2014, which was
4.10-4.12 trillion yen (US$ 37.3-37.5 billion). Therefore,
a zero-smoking policy would improve social welfare in
Japan.

The estimated demand curve implies that the price
elasticity of tobacco was about 0.85 when evaluated
using the average price and quantity with a 95% CI
ranging from 0.73 to 0.92. Studies in countries other
than Japan such as India (10,11), China (12), the U.S.
(13), and Jordan (14) have examined the price elasticity
of tobacco, yielding figures ranging from 0.212 in India
to 1.15 in Jordan. In comparison, the price elasticity in
the current study was moderate. Japanese studies have
estimated the price elasticity of tobacco to be 0.1 to 0.3
(15,16), so the current result seems high in comparison.
In general, a higher price elasticity implies greater
consumer surplus, and thus the additional deadweight
loss due to a zero-smoking policy would be greater and
might exceed the disease burden. A more accurate value
for the price elasticity is needed to reach a definitive
conclusion.
Moreover, the specified demand curve for tobacco
seems somewhat simpler than that in previous studies.
Other factors, such as total population or income, need
to be taken into account when specifying the equation
with which to estimate the demand curve. In this sense,
a limitation of this study is that estimates should be
evaluated as an average with other factors excluded.
Therefore, conclusions should be similarly evaluated.
The other excluded factors might strongly affect this
study's estimates and conclusions. More detailed
specification of the estimation equation is beyond the
scope of this paper and represents a topic for further
study.
The disease burden may not have been sufficiently
specified. Estimates in three previous studies (1-3) did
not consider the disutility of smoking to non-smokers.
More detailed specification of the disease burden is also
a topic for the future.
Even though this study only considered price
controls on smoking, in principle, other methods of
reducing smoking, such as limiting the areas in which
smoking is allowed, could have the same impact on
the utility of smoking to smokers if these methods also
reduce the rate of smoking. However, price controls
only lead to deadweight costs according to the overall
welfare analysis, especially when certain externalities
are taken into consideration. Therefore, this paper does
not mean to suggest that price controls are the only way
to reduce smoking.
In conclusion, social welfare due to a zero-smoking
policy in Japan was estimated based on available data.
The deadweight loss was smaller than the disease
burden in 2014, leading to the conclusion that a zerosmoking policy would improve social welfare. This
conclusion can be buttressed by further studies that
consider other factors, such as price controls.
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