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Abstract

This paper develops a model of risky health behaviors to explore the op-
timal cost-sharing mechanism in a single provider health insurance system in
which everyone contributes the same amount. In this economy, health insur-
ance provides coverage against controllable health outcomes, and idiosyncratic
health shocks. The model is calibrated to the U.S. economy using the Medical
Expenditures Panel Survey dataset. I find that the optimal set of policies is
the one in which workers pay 30 percent of their health care bills while retirees
pay 20 percent. Welfare gains mostly come from the healthy who prefers less

generous health insurance policies.

Keywords: Health insurance; life cycle model; medical expenditures.
JEL Classification: D91, E60, 112

1 Introduction

The share of almost any country’s income going to health expenditures is quite

large, either financed by health insurance or out-of-pocket. Risky health behaviors
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include consumption of some goods that are detrimental to health and raise health
care billsEl The goal of this paper is to provide a quantitative analysis of health
insurance policy in the presence of risky health behaviors.

To do this, I incorporate risky health behaviors into a heterogeneous agent over-
lapping generations (OLG) model with endogenous health capital accumulation,
addressing two functions of health insurance: First, it covers medical expenditures
resulting from risky health behaviors; and second, it provides insurance for idiosyn-
cratic health shocks, mostly catastrophic onesEl

The effect of health insurance on the demand for medical care is well examined
in the literature (Arrow, (1963} |Zeckhauser, [1970; Blomqvist, [1997; Feldman and|
[Dowd, 1991} Newhouse, 1993} [Cutler and Zeckhauser), [2000; [Zweifel and Manning,
2000; Baicker et al., 2013; |Cawley and Meyerhoefer, 2011)). Many of these studies

address the issue that health insurance leads to overuse of medical care due to moral

hazard. Other studies estimate the optimal insurance policy as a mix of coinsurance
rates and deductibles (Feldstein and Friedman| [1977; Newhouse| 1993} Manning and|
Marquis, [1996; Blomqvist|, (1997 Eggleston, 2000)). However, risky health behaviors,

such as smoking and poor dietary habits, were not incorporated in the analysis of

optimal health insurance in these studies.

Putting risky health behaviors into the model adds more moral hazard since
insurance not only leads to overuse of medical care, but also affects people’s tendency
towards the consumption of risk-bearing goods. What makes an optimal policy
analysis more interesting is the fact that medical expenses of people engaging in
risky health behaviors are also paid by those who do not through the insurance
system.

The model is calibrated to the U.S. economy, focusing on tobacco consumption
as the only form of risky health behavior. Results suggest that the optimal health
insurance policy consists of 30 percent coinsurance rate for the workers and 20
percent for the retirees. This set of policies brings about half a percentage point

decline in medical expenditures to GDP ratio, 5 percentage points decline in the

'"Empirical literature suggests those risky health behaviors to be costly (Rice et al.,[1986; Baren-|
dregt et all[1997; Miller et al.l[1999; Warner et al.,[1999; [Sloan et al.,[2004; [Finkelstein et al.,[2009),
and fatal (McGinnis and Foege, 1993, [Peto et all, [1994; Mokdad et al.l [2005a]b} [Woloshin et all
[2008} [Danaei et al.| 2009; [Stewart et al.| [2009). For a detailed discussion of the economics of risky
health behaviors, see |Cawley and Ruhm| (2011)).

2As to what may be considered catastrophic is usually decided by the ratio of medical expendi-
tures to total expenditures or total income of the individual. For example, define
catastrophic health expenditures as expenditures exceeding 40 percent of income.




ratio of smokers and a welfare gain equivalent to 3.34 percent more consumption
compared to the benchmark economy with 4.5 percent and 5 percent coinsurance
rates for the workers and retirees respectively. This welfare gain is largely driven by
the welfare gains of the good-health agents. The intuition behind this is as follows.
Since everyone in the economy contributes the same share of their income to the
health insurance system, good-health people with low health maintenance costs are
better off by paying a larger percentage of their medical bills in exchange for less
labor income tax, which can instead go the consumption of other goods.

This work is a contribution to the recently developing macro-health literature.
Several other papers in this literature study the relationship between health spending
and longevity (Hall and Jones, |2007)), savings and medical expenditures (Palumbo),
1999; |Scholz and Seshadri, 2010; [De Nardi et al., [2010); medical expenditures over
the life course (Halliday et al.,2011)), health spending across different income groups
(Ozkan, 2014; Ales et al.l [2012); effects of tax policy on insurance demand (Jeske
and Kitaol [2009)); and the policy outcomes of the Patient Protection and Affordable
Care Act (Feng, 2009; |[Jung and Tran, 2010; Cole et al., 2012; [Pashchenko and
Porapakkarm, 2013; Hansen et al., 2014). I add to this literature by explicitly
modeling risky health behaviors and quantitatively analyzing the effects of health
insurance policy in that setting.

The paper proceeds as follows: Section [2]introduces the model, Section [3|presents
the data and the calibration steps, Section [4] provides the numerical results of the

policy experiments, and Section [5| concludes.

2 Model

This section presents the OLG model that will be used to study the quantitative

implications of different health insurance policies.

2.1 Demographics

Individuals live for a maximum of J years, and are heterogeneous in their health
capital, h; € H where H = {h!,h?, ..., AV} is the finite set of possible health capital
levels. ¢;(hj—1,0n;-1,5j—1) is the conditional probability of surviving from age
j — 1 to j, that depends on the health capital, h;_1, the depreciation rate of health
capital, d, ;—1 and health shock, s;_1 at age j — 1. I am interested in steady-state

properties of the model, hence drop the time subscripts.



2.2 Preferences

Individuals get utility from good consumption, c4;, bad consumption, ¢;; and their

health capitalﬂ They maximize the lifetime utility:

J J
max Y 47 (H @k (hk—1, 0n, k1, 5k—1)> u(cgjs g, j) (1)

j=1 k=1

2.3 Health Production

Following the concept of health capital introduced by (Grossman| (1972), health pro-

duction function is given byﬁ

hj+1 = (1 - (5h7j>hj + Zhjc'mflj (2)

Individuals are ex-ante heterogeneous in initial health, h;. Health capital depre-
ciates at the rate dy, ;, and individuals can accumulate health capital by investing in
health, i.e. by making medical expenditures, m;. This process is irreversible, i.e.,
an individual can only invest as much as to recover from the current depreciation.
Z and £ are scale and curvature parameters for health production respectively. Pa-
rameter ¢ governs the adjustment cost needed to yield higher medical expenditures

for individuals with lower health capital.

2.4 Health Depreciation

Bad consumption affects the stock of health through the health depreciation rateﬂ

Health shock also increases the depreciation rate.
Onj = Opy + Giley; + (55 — 1) (3)

¢; denotes the incremental change in the depreciation rate of health for those

who engage in bad consumption and =; denotes the incremental change coming

3Bad consumption refers to risky health behaviors that can be classified among consumption
goods.

4Similar health production functions were used in [Feng| (2009)), |[Jung and Tran| (2010), [Scholz
and Seshadri (2010), [Halliday et al.| (2011) and |Ozkan| (2014). Some of these studies use a health
production function that incorporates leisure time, or time spent in health producing activities such
as exercise, whereas some like |Ozkan (2014)) uses different health production functions for physical
and preventive health.

5The notion of incorporating bad consumption in such a model was first used by [He et al.| (2014)



from the health shock. I.,; is an indicator function which takes the value 1 if bad
consumption exists and 0 otherwise. s; = 1 when health shock hits and s; = 0

otherwise.

2.5 Survival Probability

The probability of survival from age j to age j+ 1 is a function of the health capital
net of depreciation and health shock at age j, and is denoted by ¢;1(hj,dnj,5;5)-
The survival probability function is governed by the cumulative Weibull distribution

function{]

©j+1(hj, 0nj,85) = [1 - exp(—w[(l - 5h,j)hjr)] (4)

1 and 6 are parameters in the cumulative Weibull distribution.

2.6 Health Care System

There is a single-payer health care system where the government is the provider of
health insurance. Working age individuals pay a fraction, w,,, of their medical ex-
penses whereas retired individuals pay w; of them. These expenditures are financed

by taxes on good consumption, bad consumption and labor income.

2.7 Social Security

Following Tmrohoroglu et al. (1995), the benefits that the retired households get are
defined as a proportion of their average lifetime earnings from working, which is
given by:

Zjﬁfl WE;

b=
P Jr—1

()

where p is the replacement ratio.

2.8 Individuals’ Dynamic Problem

We can denote the individual’s life time maximization problem given in as a dis-

crete time dynamic programming problem and maximize the following value func-

9Feng| (2009) and [Scholz and Seshadri| (2010) use similar functions for survival probability
But here the survival probability depends on health capital net of depreciation and before health
investment.



tion:

Vj(aj,hj,sj) = max {U(ng,ij,hj)
Cg]'7ICb]' ST ,Q5 41

+ Boji1(hy, 0ny, 55) [Pr(sj1 = 0)V (ajq1, hjy1,0) (6)
+ Pr(sjy1 = D)Vjqi(ajpr, hjr1,1)] }

subject to

Cpj =V * chj (10)
hjyr = (1= 8ny)hy + ZhSmy, (11)
5h,j = (523 + gf)jfcbj + (Sj — 1)Ej (12)
(%
pi41(hs, 005, 55) = [1 — eap(—| (1= dy)hs )] (13)

where 7., and 7, are tax rates on good and bad consumption respectively, a;1 is
the saving for the next period. Individuals supply labor inelastically in the market
and earn an income of we; where w is the market wage rate and ¢; is the age specific
efficiency of labor. 7, is the labor income tax rate. 7 is the market interest rate
on risk-free bonds. I; is an indicator function that takes the value 1 if the health
shock hits. Pr(sji1 = 1) is the probability that the health shock will hit at age
7+ 1. v denotes the amount of income spent on bad consumption if the individual

chooses to consume those goods.

2.9 Government Budget Constraint

Revenues from taxes on good consumption, excise taxes from bad consumption
and labor income taxes as well as assets left by the deceased are collected by the
central government and are used to finance health care expenditures, discretionary

government spending and social security benefits. Labor income tax, 7, is set to



clear the government budget constraint. Let’s define u(h, j) as the measure of age
j individuals with health capital h. Let’s further define Jy = {1,2,...,Jr-1},
JIJr ={Jr,Jr+1,..,J} and J = {1,2,...,J}. And H is the set of possible health

capital levels as described earlier. So the following budget constraint has to clear.

Toy+Toy + T+ A=G+B+(1—w)M (14)

Tcg = Teq Z Z N(h’j)cg,hj (15)

heH jeT
ch = T¢, Z Z :U’(h’vj)cb,hj (16)
heH jeJ
T, = Thw Z Z /L(haj)ej (17)
heH jeTw
A=) "(1— )b, ja; (18)
heH jeT
B=bY_ Y uhj) (19)
heH jeTR
M=% plh, j)m (20)
heH jeJ
G =ypY (21)

where ¢ is the fixed share of government spending, G, in income. T, and T,
are total taxes collected from good and bad consumption goods. T, is total labor
income tax collected from individuals. A is the wealth left by the deceased. B
is total expenditures on social security benefits and M is the aggregate medical

expenditures in the economy.

2.10 Equilibrium

A stationary competitive equilibrium of this economy for given insurance policy
wy and wy; tax rates 7.,, ¢, and 7,; social security replacement rate p; wage rate
w; risk-free interest rate r; share of government expenditures ¢ is a set of deci-
sion rules, {Ie,,(a;, hj, ;) /=1, {cgi(az, hy 57)}—1s {evi(ags by, s5) gy {my(ag, by,
sj)}le, {aj+1(aj,hj,sj)}3]:1; value functions {Vj(aj,hj,sj)}}]:l; and measures of
agent types p(h, j) such that:

1. Given insurance policy w, and w;; tax rates 7.,, 7, and 7,; social security

7



replacement rate p; wage rate w; risk-free interest rate r, the decision rules

and the value function solve the individual’s dynamic problem.

2. 1, clears the government budget in ((14]) given insurance policy w,, and wy;
tax rates 7.,, Te, and 7,; social security replacement rate p; and share of

government expenditures g.

3 Data and Calibration

3.1 Data

The model is calibrated using the Medical Expenditures Panel Survey (MEPS)
dataset. I use longitudinal data from nine waves of the MEPS (Waves 6-14 from
2001 to 2010). For this study I include all households who are 20 or older.

Health capital variable used here is the Physical Component Summary (PCS)
based on Short Form 12 Version 2 (SF-12v2) that asks individuals various questions
about their physical and mental health. hjand hy below are PCS scores for two
consecutive years in each panel. Both h; and ho are normalized so that the values
are between 0 and 1. Medical expenditures are deflated by the corresponding year’s
Consumer Price Index (CPI) for medical care (including medical goods and services),
and total incomes of households are deflated by the CPI for all items, obtained from
the Bureau of Labor Statistics[]

Depreciation rates of health capital is then estimated using the constructed
health capital. Health production function is defined in equation . We observe
from MEPS that households with high health capital spend much less on health
compared to those with low health capital. The fact that medical expenditures
are a function of health capital causes an endogeneity problem. To be able to cope
with that, I estimate the following equations simultaneously using a three-stage least
squares method developed by |Zellner and Theil (1962)). The estimation is performed

for smokers and non-smokers separatelyﬂ

J
ha; = Bih1; + Pami; + Z viDjih1i + Dghock,ihi,i + € (22)
=1

"Base year for CPI is 1982-84=100.
8Smokers are households who reported to be a smoker for two consecutive years in the panels
and non-smokers are those who did not smoke in either of the two years.



J
mi; = o + alhl,i + asAge; + 0&3Ag€l2 + Z Gij,ihM + Dshock,ihl,i +v; (23)
Jj=1

Subscripts 1 and 2 denote year 1 and year 2 as mentioned before. D ; is a dummy
variable that takes the value 1 if the individual i is at age j. (1 — B —4;Dj ;) gives the
estimate for Jj, ;, age dependent depreciation rate for health. Dgpocr; is a dummy
variable for health shock that takes the value 1 if a given individual’s total medical
expenditures exceed 40 percent of his/her income, and 0 otherwise. Estimation
results are provided in the Appendix.

Nonlinear least squares using Gompertz function is then used to fit a smoothed
curve to the estimated depreciation rates. Finally annual depreciation rates are
converted to 5-year rates. While calculating the additional depreciation of health
caused by a health shock, we assume that the shock hits once throughout a 5-year

interval. Estimated and fitted depreciation rates can be found in the Appendix.

3.2 Calibration

Although the model is designed for any type of bad consumption, in the quantitative
exercise I focus on smoking as the only bad consumption good. There are two sets
of parameters in the model. The first set of parameters are picked from real data
and literature and the second set of parameters are calibrated to match the relevant
features of the U.S. data in the benchmark economy.

The period utility function is defined asﬂ

N A A
u(cgyj, Cyj, hj) = uo + - + ay — + Kepj (24)

ug represents the value of being alivem a and « are quality of life parameters. « is
the weight on utility from bad consumption and o is the coefficient of relative risk
aversion for good consumption.

I start by by setting one model year to 5 years, where individuals start their life
at age 20, retire at 65 and die with certainty at age 90, which coincides to J = 14 and

Jr = 10 in the model. Wage rate, w, is normalized to 1 and interest rate, r, and the

9Hall and Jones) (2007) and [Ozkan| (2014)) use this utility function too. Here bad consumption
is added as an additional component.

10We need this so that the period utility is always positive, i.e., individuals get utility from an
extra year of life.



time discount factor, 3, are exogenously set to 2.5 percent and 0.98 respectivelyE
Efficiency profile for labor, €;, is obtained from Panel Study of Income Dynamics
(PSID) data, following Rupert and Zanellal (2014) and |Abbasoglul (2012).

The coefficient of relative risk aversion, o, for good consumption is set to 2, as

widely used in the literature.
Average sales tax rate in the U.S. is obtained from McDaniel| (2007) and average
excise tax rate on tobacco is obtained from |Orzechowski and Walker| (201 IDH Hence

Teg is taken as 7.42 percent and 7 is taken as 29.68 percent. Table [l summarizes

the fixed parameters of the model.

Table 1: Fixed Parameters

Parameter Explanation Value Source

J Life time 14

Jr Retirement age 10
Teg Sales tax rate 7.42% McDaniel| (2007)

Teb Excise tax rate 29.68% |Orzech0wski and WalkerldQOll}
8 Time discount factor 0.98 yearly

w Wage rate 1.2

r Interest rate 2.5% yearly

o CRRA coefficient for cg4 2

p Replacement ratio 0.4 |Imrohoro§1u et al.l(]1995}
uo Value of being alive 2.5 Ozkan| (2014

« Quality of life parameter 0.2 Ozkan| (2014

¥ Quality of life parameter 1.15 Ozkan| (2014

Using MEPS, annual probability of getting hit by a health shock conditional on
past year’s health shock realization is calculated. The resulting transition matrix is
given by:

(s, s') = (25)

0.474 0.526
0.082 0.918

Since the model period is 5 years, probability of getting hit by a health shock is
set to its unconditional probability, i.e. P(s; =1) = 0.1355.

" Both 0.98 and 2.5 percent are annual rates.

'3 McDaniel| (2007) calculated the tax rates for years 2000-2003. Both sales tax and excise tax

rates are state averages, since sales taxes are imposed by states and excise taxes on cigarettes are
a combination of federal and state taxes in the U.S.

10



Calibration of the rest of the parameters are performed in two steps. First I
calibrate the parameters in the survival probability function, ¢ and @, to match the
life expectancy of good health non-smokers and poor health smokers respectively.

Lew and Garfinkel| (1987)) use American Cancer Society Cancer Prevention Study
I to estimate mortality by age, sex, health status and smoking habits. I use their
estimates of life expectancy at age 35 of good health non-smokers and impaired
health smokers, which are 44.96 and 33.62 respectively, to calibrate the parameters
in the cumulative Weibull distribution that governs survival probability in the model.

Recall that the survival probability is:
[4
oy 0n3,55) = |1 = eap(—w[(1 = dn;)hs] ) (26)

Health capital variable obtained form MEPS is mapped into a finite set of pos-
sible health capital levels, H. I take the minimum and maximum values of the
constructed health capital and equally divide that interval into 20 grid points, with
himin = 0.059898 and Ay, = 1. Assuming there are no health shocks, i.e. s; = 0, we
can define the probability of surviving to age j 4+ 1 for healthy non-smokers and un-
healthy smokers by assuming h = h,,;,, for unhealthy A = h,,4, for healthy. We also
assume that non-smokers always face d;% and smokers always face 6; ; = 6% + ¢;.

Thus we can denote the probabilities as follows:

0

py” =1—exp(—1 [(1 — 5i,j)hmin] ) (27)
0

Py = 1= enp(—[ (1= 635 hma | ) (28)

where p}"s and p?’"s

smoker and health non-smoker respectively.

are the probabilities of surviving to age j + 1 of an unhealthy

We use the methodology developed by (Chiang (1968)) to calculate life expectancyﬁ
Suppose there are 19 age intervals, with interval start points x;: g = 0, 1 = 1,
xo = 5, x3 = 10, ..., x19 = 85. n; denotes interval width. For i = 0, ng = 1, for
i =1,n1 =4 and for ¢ > 2, n; = 5. p; is the probability of surviving the interval i,
which comes from the survival probability function in the model. Since the model
starts at age 20, we set p; = 1 for ¢« < 6. ¢; = 1 — p; is the probability of dying

in interval 7. [; is the number of people alive at the start of interval. We start by

3 Details about life expectancy calculations can be found in [SEPHO) (2005).

11



setting o = 100,000 and then l; = p;—1l;—1 for ¢ > 1. Similarly d; = ¢;l; is the
number of people dying in interval i. We define a; as the average fraction of the

interval that people survive before dying and set:

0.1 for i=0
a; =
05 for i=1,2,..19

Deaths are evenly distributed for ages greater than 1, which is why a; = 0.5 for ¢ > 1.
For under 1 though, deaths are more likely to occur in the perinatal and neonatal
periods, which implies ag = 0.1. L; = n;(l; — d;) + a;n;d; gives the number of years
lived in interval ¢. Finally T; = L; + L1 + ... + L1g is the total number of years
lived beyond the start of interval i. Using these we can calculate life expectancy at

the start of interval ¢ as the ratio of T; to [;:

Calibrating the model to match life expectancy of a healthy non-smoker and a
unhealthy smoker at age 35, we get ¢ = 3.214 and 6 = 0.0857.

I then choose the rest of the parameters to minimize the distance between model
generated moments and target moments from the U.S. data. Let 2 be the vector of

parameters to be calibrated:

Q = (H? I/? Z7 §7 C) (29)
I find Q by minimizing the following objective function:

M

2
' MM, — TMZ-)
min ;( (30)

where M M; refers to model generated moments and T'M; refers to target moments
from data. nj; denotes the number of calibrated parameters.

k is chosen such that the percentage of smokers in the model matches its data
counterpart from MEPS and v is chosen to match the ratio of tobacco use in total
consumption, which is obtained from NIPA accounts. Z and & are pinned down to
match medical expenditure to GDP ratio for the total population and the work-
ersulation in MEPS respectively. And finally, ¢ is chosen to capture the medical
expenditure differentials between healthy and unhealthy people from MEPS. Ta-

ble [2| shows the calibrated parameters of the model and their relevant targets.

12



Table 2: Calibrated Parameters

Parameter  Explanation Value  Target

P Parameter in survival probability 3.1891 Life expectancy of never smokers vs. al-
ways smokers

0 Parameter in survival probability 0.0702  Life expectancy of never smokers vs. al-
ways smokers

K Weight on ¢, 0.5260  Share of smokers in the population

v Amount of ¢, 0.1026  Share of tobacco consumption in total con-
sumption

Z Parameter on health production function 1.9021 Medical expenditures to GDP ratio

3 Parameter on health production function 0.7758 Medical expenditures to GDP ratio (for
ages 20-64)

¢ Parameter on health production function 1.9103  Ratio of medical expenditures of unhealthy
to healthy

4 Results

Tax and coinsurance rates used in the benchmark calibration are given in Table
Coinsurance rate for the workers is set to 4.5 percent and the coinsurance rate for
the retirees is set to 5 percent, both of which are estimated in (Ozkan (2014)
Labor income tax is chosen such that it clears the government budget. Initial
distribution of agents over the health capital is the frequency of age 20-24 households
in MEPS falling into the previously defined health capital grid points. Distribution
of individuals in MEPS is given in Figure [I]

Table 4| displays results from the benchmark calibration. The model matches the
data reasonably well. Notice that the total medical expenditures to GDP ratio is
much smaller than what we would see in aggregate macro statistics, which is about
15 percent for the specified time period. I calculate this statistic from MEPS to be
consistent with the medical expenditures over the life cycle. |Ales et al. (2012)) have
a detailed discussion on the difference between the MEPS data and aggregate U.S.
data where they document health expenditures to GDP ratios both from MEPS and

141 assume a very simple health care system in the model where there are no insurance premiums
and deductibles. Instead, labor income tax is adjusted to balance the health care system. Thus,
higher coverage is associated with higher taxes. One can think of this mechanism as a premium or
coinsurance through taxes. In the U.S., depending on the coverage scheme, Medicare may involve
premiums, deductibles and copayments depending on the duration and the provider of care. For
example, under Medicare Part A, there is $0 cost for home and hospital care and there is no
deductible, but one has to pay 20 percent of durable medical equipment. Also, hospital inpatient
stays require some deductible depending on the duration of stay. Under Medicare Part B, there is
a monthly premium which depends on the income of the individual.

13



NIPA tables. Life cycle profile of medical expenditures generated by the benchmark
model is shown in Figure The model can reproduce the life cycle pattern of

medical expenditures to income ratio.

A2

.10 i

.08

.06 .

Relative Frequency

.04

.02

00 T T I I 1 I I T I T
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Health Capital

Figure 1: Distribution of health capital for individuals aged 20-24

Table 3: Tax and coinsurance rates in benchmark calibration

Parameter Explanation Value(%) Source
Te, Sales tax on good consumption 7.42 McDaniel| (2007))
Tes Excise tax on bad consumption ~ 29.68  |Orzechowski and Walker| (2011)
W Coinsurance rate for workers 4.5 Estimated in |Ozkan! (2014
Wy Coinsurance rate for retired 5 Estimated in |Ozkan| (2014

14



Table 4: Model vs. Data

Target Data  Model

Medical expenditure-output ratio 8.54%  8.53%
Medical expenditure-output ratio (20-64)  6.62%  5.58%
M(h=poor)/M(h=good) 3-10 5.28

Bad consumption-total consumption ratio 1.22%  1.35%
% of population that smokes 20.93% 20.60%

0.35

—O— Data -0~ Model o

0.3 1

0.25

M/Y (%)

0.15

0.14

0.05

T T T T T T T T T T T 1
20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79
Age

Figure 2: Medical Expenditure-Income Ratio by Age

4.1 Policy exercise: Effects of different coinsurance rates

I start by experimenting with various coinsurance rates for the workers and the
retirees. For any coinsurance rate, government budget is cleared by adjusting the
labor income tax rate. Hence, since the health system is financed through taxes,
change in income tax can be thought of as a change in insurance premium too.

Table [5| shows the results of these policy experiments for 10 different values of wy,

15



and 3 different values of w;..

Increase in the coinsurance rate leads to a monotonic decline in medical expen-
ditures to output ratio, M/Y, as well as the ratio of smokers. Going from a full
insurance policy with w, = 0 and w, = 0 to a no insurance policy with w, = 1
and w, = 1, M/Y goes down by 1 percentage point while percentage of smokers

decreases by more than 10 percentage points.

Table 5: Policy exercise with different coinsurance rates

wy 0%  45% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

(wr = 5%)

M/Y 858 853 829 8206 823 819 815 806 801 787 781 T7.74
M/Y (workers) 5.63 558 539 536 534 530 527 520 5.15 503 499 4.93
Ratioof ¢pinec 144 135 1.02 1.01 1.01 099 097 093 089 0.63 0.61 0.50
% of smokers  21.86 20.60 15.83 15.55 15.48 15.17 14.86 14.43 13.73 9.76 9.49 7.76

Tax rate 756 724 559 516 482 436 393 297 235 140 0.67 0.09
(wy = 0%)
M/Y 8.61 848 841 829 828 822 818 808 805 7.89 781 17.76

M/Y (workers) 5.65 5.53 546 538 536 532 529 521 517 505 498 4.94
Ratioof ¢pinc 146 1.18 1.04 1.01 1.01 099 095 090 0.82 0.63 0.50 047
% of smokers 22.21 17.92 1591 15.56 15.49 15.17 14.52 13.89 1258 9.76 7.78 7.40

Tax rate 781 729 6.75 553 528 472 432 331 307 166 1.02 0.39
(wr = 20%)
M/Y 841 838 833 819 799 796 792 789 7.8 781 T7.73 7.62

M/Y (workers) 5.52 550 544 532 518 516 5.13 510 5.07 5.03 4.97 4.87
Ratioof cpinc 148 145 1.33 1.03 0.99 098 097 095 093 0.89 0.80 0.62
% of smokers 22.79 22.29 20.52 15.87 15.51 1544 15.18 14.85 14.51 13.88 12,58 9.76
Tax rate 569 546 514 435 223 183 141 099 056 001 -0.70 -1.73

Note: w,, = 4.5% is the benchmark.

To be able to see the change in smoking behavior of agents in the model according
to their health status, we look at smoking prevalence by health capital. Table [6]
provides shares of population that smoke for 5 different health levels. I divide the
set H into 5 subsets with 4 health capital levels in each, i.e. H; = {h', h2, h3 K%},
7_[2 — {h5,h6,h7,h8}, 7_[3 — {hg,hlo,hll, h12}’ 7‘[4 — {h13,h14,h15, hlﬁ}, H5 — {h”,
h'8 19 K20} and name them as poor, fair, good, very good and excellent health
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respectively. Poor health agents completely give up smoking for coinsurance rates 20
percent and above while fair health agents give up for 50 percent above. Although
agents with other health levels do not completely give up smoking, reduction in
smoking is larger for those with worse health levels since health maintenance is

more costly for them.

Table 6: Change in smoking behavior by health capital

wy 0%  45% 10% 20% 30% 40% 50% 60% T0% 80% 90% 100%

(wr = 5%)
Health Status
Poor 16.51 16.43 15.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fair 21.77 15.16 15.18 14.78 10.05 4.22 0.00 0.00 0.00 0.00 0.00 0.00
Good 21.15 14.90 14.92 14.90 14.91 12.87 10.65 6.91 5.50 551 3.17 3.17

Very good 20.70 20.18 15.01 14.76 14.76 14.76 14.76 14.76 14.15 9.54 9.54 7.55
Excellent 20.64 20.70 15.66 14.71 14.69 14.66 14.74 14.71 14.63 14.67 14.70 14.64

(wr = 0%)
Health Status
Poor 22.59 15.27 14.59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fair 18.89 15.10 15.08 14.65 10.03 4.17 0.00 0.00 0.00 0.00 0.00 0.00
Good 20.17 14.92 14.94 1491 14.93 1288 7.64 6.92 550 548 3.19 3.17

Very good 21.63 17.08 14.76 14.77 14.75 14.76 14.77 14.14 1281 9.55 7.55 7.55
Excellent 15.61 20.62 20.64 14.72 14.71 14.69 14.68 14.67 14.68 14.72 14.71 8.57

(wr = 20%)
Health Status
Poor 11.52 12.00 6.45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fair 21.31 15.13 15.11 13.52 11.69 6.13 4.24 0.00 0.00 0.00 0.00 0.00
Good 21.83 18.27 14.90 14.86 14.92 14.90 12.91 10.66 7.65 6.93 5.51 5.50

Very good 21.63 21.62 20.03 14.74 14.75 14.77 14.76 14.75 14.75 14.13 12.81 9.54
Excellent 21.58 21.56 21.51 20.71 14.89 14.72 14.71 14.69 14.69 14.64 14.62 14.70

4.1.1 Welfare Analysis

So far we have seen how changing the coinsurance rate affected smoking behavior
as well as medical expenditures. But since smoking also generates utility, we need a
welfare analysis to see which set of policies is the optimal one. To be able to do that,

I calculate the total welfare under each coinsurance rate and the consumption com-
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pensation required to make agents in the benchmark economy as well off as agents
under different health insurance policy regimes. I examine required consumption
compensation for the whole economy as well as for each health capital separately. 1

start by defining the discounted life time utility of a newborn individual for policy

X as
20 15 A
wx=3" Zﬁa—lﬂ(h,j)u@‘m, i pj hf) (31)
h=1 j=1
15 ‘
Wf)l( - ZBJ_1U<C§,hj’C§hjah;<)7 h=1,2,...,20 (32)
J=1

So the consumption compensation, x, required for agents in the benchmark
economy, denoted by x", to make them as well off as under policy y is calculated
as:

20 15 20 15

S B alh (L )¢ cng B ) = 300 B e (e s oY) (33)

h=1j=1 h=1j=1

15 15

_— 0 0 oy o _
S g u((l +2)CX s oo ) =S u(c;hj,c?hj,h;(), h=1,2,..,20  (34)
i=1 i=1

Tables [7], [§ and [9] display the 2’s calculated from the above equations compared
to the benchmark economy. Since there are no households on the lowest 3 and
top 1 health capital levels, I report welfare changes for h* — h'? as well as for
the aggregate. Positive numbers mean higher welfare whereas negative numbers
mean lower welfare in those tables. As health insurance becomes less generous,
healthy agents become better off while unhealthy agents become worse off. Healthy
people would rather not contribute to a health insurance system where everyone
pays the same premium because they incur less medical expenditures due to low
health maintenance costs. Unhealthy people, on the other hand, would be unwilling
to give up the health insurance since they would be spending much higher on health
without the insurance.

Overall the largest welfare gain compared to the benchmark economy is when
ww = 30% and w, = 20%[™] Under this set of policies, only the 2 least healthy

agents incur welfare losses while all others have welfare gains.

157 disregard larger than 80 percent coinsurance rate for the workers when w, = 20% since labor
income tax turns negative in those cases.
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Table 7: Welfare change with different coinsurance rates(w, = 5%)

we 0% 45% 10% 20% 30% 40% 50% 60% T70% 80%  90%  100%
health capital
ht 0.69 0.00 -1.06 -1.42 -3.11 -4.39 -6.56 -8.83 -8.80 -11.69 -11.55 -12.81
hb 044 0.00 -0.80 -0.53 -1.96 -3.00 -4.20 -4.99 -5.98 -6.80 -7.83 -8.95
S 044 0.00 -0.57 -0.03 -1.20 -2.03 -2.93 -3.32 -3.96 -4.29 -5.00 -5.80
n’ 0.35 0.00 -0.31 0.32 -0.46 -1.40 -2.13 -2.32 -2.85 -3.07 -3.34 -4.13
h8 0.28 0.00 0.06 057 -0.13 -0.55 -1.31 -1.33 -1.76 -1.81 -2.06 -2.39
h? 0.23 0.00 0.12 096 024 -0.16 -0.53 -0.70 -0.94 -0.58 -0.74 -0.98
h10 0.13 0.00 0.17 104 064 025 -0.19 -0.03 -0.15 0.02 0.00 -0.19
Rt 0.14 0.00 0.22 115 0.82 058 0.14 036 056 0.81 059 0.51
h12 0.04 0.00 027 1.18 091 0.74 055 091 0.87 117 126 1.23
htd 0.02 0.00 030 1.26 1.04 092 078 120 125 158 174 1.76
h4 -0.06 0.00 0.32 1.26 1.08 1.00 091 1.38 146 1.8 206 2.11
h1® -0.08 0.00 034 1.33 1.18 1.14 1.08 159 170 212 236 245
h16 -0.09 0.00 037 1.38 1.26 125 123 1.76 192 236 271 275
hl7 -0.11 0.00 0.38 142 133 135 136 1.92 209 257 295 3.10
h18 -0.12 0.00 0.39 146 1.40 144 154 204 224 274 335 3.33
h9 -0.13 0.00 056 1.50 1.46 153 1.63 220 242 301 355 3.79
Aggregate -0.05 0.00 032 130 1.11 1.04 094 140 150 1.89 211 215
Table 8: Welfare change with different coinsurance rates(w, = 0%)
ww 0% 45% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%
health capital
ht 1.12 041 -0.25 -1.08 -3.24 -4.80 -6.70 -7.74 -10.58 -9.52 -11.02 -12.52
hb 0.73 0.27 -0.14 -0.52 -2.04 -3.22 -4.30 -4.80 -6.71 -6.65 -7.56 -8.62
h 0.52 0.13 -0.10 0.18 -1.37 -1.78 -2.70 -3.04 -4.30 -4.33 -5.29 -5.82
n" 0.18 040 0.25 0.34 -0.59 -1.38 -2.01 -2.14 -298 -2.85 -3.30 -3.87
h8 0.29 034 031 052 -0.16 -0.67 -1.40 -1.42 -2.05 -1.81 -2.10 -2.40
h? 0.19 0.30 0.34 0.72 0.08 -0.15 -0.68 -0.73 -1.37 -0.88 -1.08 -1.30
h1o 0.05 0.20 0.29 0.76 023 0.07 -0.26 -0.03 -0.84 -0.17 -0.04 -0.17
h 0.11 0.16 0.36 0.88 0.44 027 002 033 -012 0.75 0.53 047
h1? -0.01 0.13 030 0.88 0.52 041 021 056 022 115 1.16 1.14
h'3 -0.03 0.14 037 094 064 059 040 082 053 150 1.58 1.65
h14 -0.13 0.06 0.31 1.11 066 086 053 1.17 071 175 1.84 1.95
hl® -0.16 0.05 031 1.15 0.92 098 089 145 1.10 2.06 218 235
h16 -0.19 0.12 0.32 1.19 1.00 1.08 1.03 1.62 142 228 246 2.65
ni7 -0.28 0.10 0.38 122 1.05 1.17 1.14 1.7 159 248 268 291
h'® -0.30 0.10 0.39 124 1.10 1.26 124 1.89 174 267 2.86 3.22
Ao -0.32 0.09 038 1.28 1.16 136 1.37 200 184 283 307 342
Aggregate  -0.13 0.09 032 1.10 0.81 0.86 0.70 1.24 089 1.81 191 204
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Table 9: Welfare change with different coinsurance rates(w, = 20%)

wy 0% 4.5%

10% 20% 30% 40% 50% 60% T70% 80%  90%  100%

health capital

h* 0.90 0.28
hb 1.12 0.61
8 1.05 0.56
h7 1.09 0.67
h8 1.16 0.87
h? 1.26  1.02
h10 1.32 1.06
R 1.36 1.14
h12 1.34 1.28
h13 1.39 1.35
h4 1.35 1.33
h1® 1.38 1.38
h16 1.40 1.41
h7 1.42 1.45
his 1.44 1.48
h1o 1.46 1.50

Aggregate 1.38 1.35

-0.62 -2.07 -2.32 -4.46 -5.62 -7.72 -9.30 -10.95 -12.47 -13.36
-0.46 -091 -0.65 -2.28 -3.41 -4.73 -5.72 -7.60 -8.14 -8.37
0.14 -0.26 0.47 -0.73 -1.66 -2.59 -3.50 -4.22 -5.24 -5.54
0.38 -0.06 1.16 048 -0.70 -1.38 -2.06 -2.58 -3.16 -3.25
066 037 181 115 066 -032 -091 -1.31 -1.60 -1.24
0.86 077 231 179 134 0.64 022 -024 -0.13 0.00
1.01 1.01 260 221 180 147 091 1.00 0.73 0.95
113 1.21 286 257 228 196 1.71 1.63 1.62 1.92
1.16 1.31 3.02 2.78 257 235 211 220 216 252
121 146 3.21 3.04 287 271 257 248 276  3.16
122 1.50 3.29 317 3.04 294 282 285 3.09 354
1.42 1.60 343 334 325 3.18 3.12 317 336 3.94
148 1.68 3.57 349 345 340 3.37 345 3.67 419
152 1.90 3.67 3.62 3.61 358 359 370 395 4.50
1.57 1.92 383 3.78 381 3.82 380 395 424 4.78
1.62 198 398 394 392 399 397 4.09 447 505

1.35 1.54 3.34 321 310 298 288 291 3.08 3.57

4.2 Policy exercise:

Effects of excise tax rates on bad consumption

Next I look at the effects of an increase in the excise tax on smoking, 7. A major

excise tax increase occurred in 2009 in the U.S.; after which the national average
of excise taxes on tobacco became about 42 percentm Table [10| reports the results

for the benchmark economy with 7., = 29 and higher excise tax rates of 42 percent

and 55 percent respectively.

Increase to 42 percent implies a 5 percentage point decline in the ratio of smokers

and about 0.4 percentage point decline in M/Y. A further increase to 55 percent

severely reduces the smoking prevalence to 7.6 percent while adding only 0.2 percent-

age point to the reduction in M/Y. Higher excise taxes are also welfare enhancing.

Increase to 42 percent excise tax increases welfare that is equivalent to 1.46 percent

more consumption.

16See |Orzechowski and Walker| (2011)) for excise tax rates by states.
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Table 10: Policy exercise with different tax rates on bad consumption

Teb 29% 42% 55%
M/Y 8.53 8.30 8.11
M/Y (workers) 5.58 5.39 5.20
Ratio of ¢ in ¢ 1.36 1.01 0.49
% of smokers 20.62 15.56 7.61
Tax rate 7.24 5.72 5.10
Change in Welfare 1.46 1.83

5 Conclusion

Risky health behaviors such as smoking are utility generating activities with external
costs. The direct cost of those risky behaviors is higher medical expenditures due to
increased health conditions. There are also indirect costs of risky health behaviors
in an economy where health care expenditures are financed by taxes.

This paper develops a macroeconomic model of risky health behaviors to exam-
ine how policy affects those risky behaviors as well as medical expenditures in an
equilibrium framework. An OLG model is calibrated to investigate different health
insurance policies.

Results suggest that the optimal pair of coinsurance rates for the workers and
the retirees are 30 percent and 20 percent respectively. Compared to the benchmark
economy with 4.5 percent coinsurance rate for the worker and 5 percent coinsurance
rate for the retired, the optimal policy leads to about half percentage point reduction
in the medical expenditures to GDP ratio and 5 percentage points reduction in the
percentage of smokers. In a health insurance system where everyone contributes the
same amount regardless of their health capital, healthy people prefer less generous
insurance policies whereas unhealthy people prefer more generous ones.

Results also suggest that the 2009 hike in excise taxes for tobacco generates a
decline in the steady state ratio of smokers by about 5 percentage points coupled
with a 0.2 percentage point decline in medical expenditures to GDP ratio.

The focus of the quantitative exercise in this paper is smoking. An interesting
extension will be to add other risky health behaviours such as poor dietary activ-
ities and health generating activities such as physical exercise, both of which are

important factors concerning obesity. I leave this subjects for future research.
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Appendices

A Additional Tables and Figures

Table Al: Estimation Results

NON-SMOKERS SMOKERS
VARIABLES h2 mq h2 mq
Constant 11,441%%* 8,218%**
(415.0) (716.6)
hy 0.999%** -17,880%** 1.037*** -12,271%%*
(0.0488) (1,201) (0.0913) (1,861)
Age -197.2%%* -162.1%%*
(15.53) (28.92)
Age? 1.380%** 1.343%%*
(0.138) (0.283)
my 3.60e-05*** 4.47e-05%+*
(7.06e-07) (1.90e-06)
Dispocr™h1 -0.275%%* 6,520+ -0.362%** 6,920%**
(0.00667) (80.67) (0.0175) (140.2)
Di7*hy 0.0223 5,516%** 0.00709 2,953%*
(0.0511) (1,121) (0.101) (1,766)
D1g*hy 0.0107 5,955%** -0.0291 3,923**
(0.0496) (1,099) (0.0944) (1,691)
Dig*hy 0.0114 645244 -0.0259 4,040%
(0.0497) (1,106) (0.0940) (1,694)
Dog*hy -0.00945 6,787*** -0.0539 4,573%**
(0.0498) (1,113) (0.0935) (1,700)
Do1*hy -0.00124 7,026%** -0.0407 4,702%+*
(0.0497) (1,117) (0.0935) (1,711)
Doo*hy -0.00647 7,370%** -0.0412 4,854F**
(0.0496) (1,121) (0.0929) (1,715)
Dos*hy -0.0138 T, TA3*** -0.0501 4,992%#*
(0.0496) (1,127) (0.0931) (1,729)
Doy*hy -0.0250 7,874%H* -0.0569 5,538%#*
(0.0496) (1,132) (0.0930) (1,740)
Dos*hy -0.0235 8,263*** -0.0857 5,577H**
(0.0496) (1,137) (0.0930) (1,748)
Dog*hy -0.0308 8,428%** -0.0605 5,531 %+
(0.0495) (1,142) (0.0930) (1,760)
Do7*hy -0.0305 8,628%** -0.0765 5, TTH¥**
(0.0495) (1,146) (0.0932) (1,772)
(continued. . .
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Table Al: Estimation Results

NON-SMOKERS SMOKERS
VARIABLES ha my ho my
Dog*hy -0.0235 8,788 %+ -0.0787 5,857 **
(0.0495) (1,151) (0.0931) (1,783)
Dog*hy -0.0305 8,020%%* -0.0600 6,071%%*
(0.0494) (1,156) (0.0931) (1,793)
Dso*hy -0.0339 9,155%+* -0.0632 6,167+
(0.0494) (1,161) (0.0929) (1,802)
Ds1*hy -0.0385 9,452% ¥ -0.0983 6,494
(0.0494) (1,165) (0.0931) (1,812)
Dsy*hy -0.0354 9,511%¥* -0.0785 6,666%**
(0.0495) (1,171) (0.0928) (1,819)
Dss*hy -0.0380 9,652+ -0.0866 6,761%**
(0.0494) (1,175) (0.0930) (1,830)
Dsy*hy -0.0357 9,780%¥* -0.0900 6,654%%*
(0.0494) (1,179) (0.0929) (1,838)
Dss*hy -0.0403 9,047%%* -0.0982 7,065%%*
(0.0494) (1,184) (0.0930) (1,846)
Dsg*hy -0.0432 10,171+ -0.0948 7,023%%%
(0.0494) (1,188) (0.0930) (1,856)
Ds7*hy -0.0399 10,161%** -0.118 7,211%%%
(0.0493) (1,192) (0.0929) (1,861)
Dsg*hy -0.0327 10,165%** -0.104 7558
(0.0494) (1,197) (0.0929) (1,869)
Dsg*hy -0.0305 10,261%** -0.110 7,805 *%*
(0.0493) (1,199) (0.0927) (1,874)
Dyo*hy -0.0388 10,540%** -0.115 7 846%**
(0.0493) (1,203) (0.0929) (1,883)
Dyr*hy -0.0446 10,705%** -0.0918 7,374%%%
(0.0494) (1,207) (0.0927) (1,887)
Dyo*hy -0.0385 10,842 -0.107 7,668%%*
(0.0494) (1,211) (0.0925) (1,891)
Dys*hy -0.0494 10,898*** -0.0999 7,628%%*
(0.0493) (1,214) (0.0926) (1,897)
Dys*hy -0.0352 10,893 -0.112 7 8547
(0.0494) (1,217) (0.0925) (1,901)
Dys*hy -0.0535 11,290%** -0.108 8,037%%%
(0.0493) (1,220) (0.0926) (1,907)
Diyg*hy -0.0490 11,337 -0.0909 7, 7A6%**
(0.0493) (1,223) (0.0927) (1,914)
Dyr*hy -0.0572 11,501 %% -0.112 8,155%**
(0.0494) (1,226) (0.0925) (1,914)
Diys*hy -0.0573 11,466%** -0.107 8,033%#*
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Table Al: Estimation Results

NON-SMOKERS SMOKERS
VARIABLES hs mi ho mi
(0.0493) (1,228) (0.0925) (1,918)
Dio*hy -0.0474 11,583%% -0.107 8,129%#*
(0.0494) (1,231) (0.0926) (1,923)
Dso*hy -0.0592 11,8407 -0.141 8,180%%*
(0.0494) (1,233) (0.0929) (1,930)
Ds1*hy -0.0686 12,028%% -0.0974 7,094%5%
(0.0494) (1,235) (0.0927) (1,929)
Dsy*hy -0.0613 11,973%% -0.117 8,151%%*
(0.0494) (1,237) (0.0928) (1,931)
Dss*hy -0.0767 12,1574 -0.150 8,660%**
(0.0494) (1,239) (0.0928) (1,932)
Dsy*hy -0.0731 12,3554 -0.147 9,032%%%
(0.0494) (1,239) (0.0933) (1,939)
Dss*hy -0.0738 12,458%% -0.132 9,016%**
(0.0494) (1,241) (0.0930) (1,934)
Ds¢*hy -0.0866* 12,608*%* -0.131 8,465%%*
(0.0494) (1,242) (0.0934) (1,939)
Ds7*hy -0.0901* 12,613%% -0.152 8,830%%*
(0.0495) (1,245) (0.0938) (1,942)
Dsg*hy -0.0953* 12,841 %% -0.131 8,787
(0.0495) (1,245) (0.0935) (1,938)
Dso*hy -0.0760 12,539%% -0.124 8,355%#%
(0.0496) (1,247) (0.0941) (1,946)
Deo*hy -0.0850* 12,9754 -0.169* 8,879 **
(0.0496) (1,247) (0.0942) (1,944)
De1*hy -0.0804 12,7245 -0.200%* 9,305%%*
(0.0496) (1,247) (0.0941) (1,938)
De2*hy -0.0826* 12,662 -0.122 8,088%#*
(0.0497) (1,249) (0.0948) (1,943)
Des*hy -0.0937* 12,920%% -0.173% 8,066%**
(0.0498) (1,249) (0.0943) (1,933)
Des*hy -0.101%* 13,0125 -0.148 8,877HH*
(0.0497) (1,247) (0.0947) (1,933)
Des*hy -0.0939* 12,853 -0.129 8,068%**
(0.0498) (1,247) (0.0951) (1,937)
Des*ha -0.105%* 12,9207 -0.160% 8,550
(0.0499) (1,247) (0.0963) (1,946)
Degr*hy -0.107%% 13,1725 -0.160* 8,442%5%
(0.0499) (1,246) (0.0965) (1,944)
Des*hy -0.0940% 12,766%%* -0.108 7,651%%%
(0.0500) (1,246) (0.0965) (1,937)
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Table Al: Estimation Results

NON-SMOKERS SMOKERS
VARIABLES ha my ho my
Dgg*hy -0.0787 12,639%** -0.219%* 9,914%**
(0.0500) (1,245) (0.0987) (1,959)
D7o*hy -0.107** 13,257#%* -0.150 8,420%**
(0.0501) (1,245) (0.0977) (1,941)
D71*hy -0.122%* 13,347%%* -0.180%* 8,536%**
(0.0500) (1,240) (0.0975) (1,932)
Dyo*hy -0.104** 13,296*** -0.141 7,941%%*
(0.0502) (1,241) (0.0976) (1,926)
D7s*hy -0.128%* 12,982%** -0.200%* 8,585%**
(0.0501) (1,236) (0.100) (1,954)
D74*hy -0.137%%* 13,456%** -0.227%* 9,081%**
(0.0501) (1,233) (0.101) (1,962)
Dos5*hy -0.130%** 13,214%%* -0.201%* 7, 742%%*
(0.0503) (1,234) (0.101) (1,954)
D7*hy -0.141%%* 12,997%%* -0.223%* 8,419%**
(0.0503) (1,231) (0.103) (1,975)
Dyr*hy -0.117%* 12,722%%%* -0.126 7,111%%*
(0.0505) (1,230) (0.106) (2,002)
Drg*hy -0.119%* 13,021 %% -0.0255 6,9897%**
(0.0507) (1,232) (0.109) (2,032)
Dr7o*hy -0.151%%* 13,395%%* -0.311%%* 9,789%**
(0.0508) (1,229) (0.110) (2,042)
Dgo*hy -0.154%%%* 12,793*** -0.210%* 8,051%**
(0.0514) (1,236) (0.111) (2,044)
Dg1*hy -0.155%** 12,624%%* -0.223** 6,784%**
(0.0512) (1,227) (0.108) (2,002)
Dgo*hy -0.138%** 12,289%*** -0.292** 8,844 ***
(0.0514) (1,228) (0.120) (2,157)
Dgs*h, -0.152%%%* 12,658%** -0.323%* 10,589%**
(0.0517) (1,228) (0.155) (2,677)
Dgs*hy -0.127%* 11,727%%* -0.197 9,302%**
(0.0525) (1,239) (0.131) (2,314)
Dgs*hy -0.182%** 12,607*%* -0.3217%%* 8,263%**
(0.0499) (1,188) (0.108) (1,980)
Observations 45,004 45,004 9,247 9,247
R-squared 0.948 0.211 0.940 0.290

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table A2: Health Depreciation Rates by Age

Age

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

Smoker Non-smoker
Actual  Fitted Actual Fitted
0.0169  0.0301 0.0105  0.0178
0.0037  0.0311 0.0022  0.0187
0.0042  0.0321 0.0075  0.0197
0.0131 0.0331 0.0148  0.0207
0.0199  0.0342  0.0260  0.0217
0.0487  0.0353  0.0245  0.0227
0.0235 0.0365  0.0318  0.0238
0.0395  0.0377  0.0315  0.0250
0.0417  0.0389  0.0245  0.0262
0.0230  0.0401 0.0315  0.0274
0.0262  0.0414 0.0349  0.0286
0.0613  0.0428  0.0395  0.0299
0.0415  0.0442 0.0364  0.0313
0.0496  0.0456  0.0390  0.0326
0.0530  0.0470  0.0367  0.0341
0.0612  0.0485  0.0413  0.0355
0.0578  0.0501 0.0442  0.0370
0.0810  0.0517  0.0409  0.0385
0.0670  0.0533  0.0337  0.0401
0.0730  0.0550  0.0315  0.0417
0.0780  0.0568  0.0398  0.0434
0.0548  0.0586  0.0456  0.0451
0.0700  0.0604  0.0395  0.0468
0.0629  0.0623  0.0504  0.0486
0.0750  0.0643  0.0362  0.0505
0.0710  0.0663  0.0545  0.0523
0.0539  0.0684  0.0500  0.0542
0.0750  0.0706  0.0582  0.0562
0.0700  0.0728  0.0583  0.0582
0.0700  0.0750  0.0484  0.0602
0.1040  0.0774  0.0602  0.0623
0.0604  0.0798  0.0696  0.0644
0.0800  0.0822  0.0623  0.0666

Age

53
54
95
o6
57
58
99
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85

Smoker Non-smoker
Actual Fitted  Actual  Fitted
0.1130 0.0848  0.0777  0.0688
0.1100 0.0874  0.0741  0.0711
0.0950 0.0901  0.0748  0.0734
0.0940 0.0929  0.0876  0.0757
0.1150 0.0957  0.0911  0.0781
0.0940 0.0987  0.0963  0.0805
0.0870 0.1017  0.0770  0.0829
0.1320 0.1048  0.0860  0.0854
0.1630 0.1080  0.0814  0.0880
0.0850 0.1113  0.0836  0.0905
0.1360 0.1147  0.0947  0.0931
0.1110 0.1182  0.1020  0.0958
0.0920 0.1217  0.0949  0.0985
0.1230 0.1254  0.1060  0.1012
0.1230 0.1292  0.1080  0.1039
0.0710 0.1331  0.0950  0.1067
0.1820 0.1371  0.0797  0.1096
0.1130 0.1412  0.1080 0.1124
0.1430 0.1454  0.1230  0.1153
0.1040 0.1498  0.1050  0.1183
0.1630 0.1542 0.1290 0.1212
0.1900 0.1588  0.1380  0.1242
0.1640 0.1635  0.1310  0.1272
0.1860 0.1684  0.1420  0.1303
0.0890 0.1734  0.1180 0.1334
-0.0115  0.1785  0.1200 0.1365
0.2740 0.1838  0.1520  0.1397
0.1730 0.1892  0.1550  0.1428
0.1860 0.1948  0.1560  0.1460
0.2550 0.2005  0.1390  0.1493
0.2860 0.2063  0.1530  0.1525
0.1600 0.2124  0.1280  0.1558
0.2840 0.218  0.1830  0.1591
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Table A3: Health Depreciation Rates by Age Interval

Age Non-smoker Smoker Difference(¢)
20-24 0.0947 0.1506 0.0559
25-29 0.1190 0.1748 0.0558
30-34 0.1470 0.2023 0.0553
35-39 0.1786 0.2333 0.0547
40-44 0.2135 0.2680 0.0546
45-49 0.2513 0.3066 0.0553
50-54 0.2917 0.3492 0.0575
55-59 0.3341 0.3957 0.0616
60-64 0.3779 0.4460 0.0680
65-69 0.4225 0.4996 0.0771
70-74 0.4672 0.5561 0.0889
75-79 0.5113 0.6145 0.1031
80-84 0.5545 0.6737 0.1192

Table A4: Additional depreciation if health shock hits

Age Non-smoker Smoker
20-24 0.2539 0.3177
25-29 0.2485 0.3104
30-34 0.2422 0.3021
35-39 0.2349 0.2927
40-44 0.2269 0.2821
45-49 0.2182 0.2701
50-54 0.2087 0.2567
55-59 0.1987 0.2419
60-64 0.1881 0.2257
65-69 0.1772 0.2081
70-74 0.1662 0.1890
75-79 0.1551 0.1688
80-84 0.1440 0.1478
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