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Abstract

We quantitatively explore the welfare benefits of health insurance over the lifecycle in a
dynamic general equilibrium model with health risk and a health care sector. We consider
three distinct approaches to designing a health insurance system: (i) a mixed private and
public health insurance system similar to the US system, (i7) private health insurance (PHI),
and (444) universal public health insurance (UPHI). Our results indicate that the introduction
of the US system into an economy without any health insurance results in large welfare gains,
but does not produce the best welfare outcome. The PHI system with some government
regulation on premiums is viable and produces welfare gains comparable to the welfare gains
generated by the US system. The UPHI system with a high enough coinsurance rate produces
better overall welfare outcomes than the other two systems. There exists an optional coinsur-
ance rate that maximizes the welfare benefits of the UPHI system. A structural reform that
replaces the US system with the UPHI system—i.e., Medicare for all—is welfare improving,
but would face political headwinds due to opposing welfare effects across income groups.
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1 Introduction

Health shocks are an important source of risk over the lifecycle. A common view in the health
insurance literature is that health risk is not easily insurable via private health insurance due to
moral hazard and adverse selection issues caused by information asymmetries in health insurance
markets as well as other factors specific to health risk (highly auto-correlated health shocks,
age dependent shock magnitudes, etc.) that impede insurance markets from functioning well
for a large group of individuals. These issues provide a rationale for government regulation in
insurance markets as well as calls for the provision of some kind of social health insurance (e.g., see
Rothschild and Stiglitz (1976)).! While we do observe some differences in the health insurance
systems across OECD countries (Carrin and James (2005)), most of them do provide public
health insurance for a large share of their population, while private health insurance is voluntary
and relegated to provide supplementary insurance to higher income groups. Figure 1 provides
a breakdown of health expenditures by funding source—public insurance, private insurance and
out-of-pocket—for select OECD countries. The one notable exception in this group is the US.
The US has a hybrid system in which private health insurance plays a more prominent role as
it covers most of the working population, while public health insurance focuses on retirees and
low income individuals. As shown in Figure 2, this different approach has led to much different
insurance coverage rates, health expenditures and cost sharing in the US.

Pressing issues surrounding the health insurance system in the US, including lack of health
insurance and high health care cost, continue to draw attention from both policy-makers and
academics. There is a large literature examining the effects of health insurance reforms in the US.
However, relatively little effort has been devoted to assessing the overall welfare benefits of the
US health insurance system in comparison with other approaches to providing health insurance.
This paper uses a dynamic general equilibrium model with a health care sector to quantitatively
analyze three distinct approaches to designing a health insurance system: (7) a mixed private and
public health insurance (US) system, (i7) a private health insurance (PHI) system, and (iii) a
universal public health insurance (UPHI) system. The PHI and UPHI systems in consideration
are two counter factual systems, but essential for comparing the benefits of the US system.

In an environment where individuals are subject to idiosyncratic health shocks but have limited
access to private insurance markets, the public provision of health insurance can significantly
improve welfare. However, these welfare benefits may decrease sharply once we factor in the
financing cost of public health insurance systems. The overall welfare benefit of a health insurance
system depends on how these insurance and incentive trade-offs play out. We first illustrate how
these effects determine the optimal amount of social (public) insurance in a simple two period
model with health risk. We then formulate a more realistic quantitative framework—a dynamic

general equilibrium model with income and health risks and a healthcare sector calibrated to

ntroducing social health insurance can also be justified on other grounds including high administrative costs of
private health insurance systems, altruism, free riding issues, optimal taxation problems, equity reasons including
redistribution of wealth and health capital across and within age cohorts (e.g., see Blomqvist and Horn (1984a),
Besley (1988), Culyer and Wagstaff (1993), Cremer and Pestieau (1996), Zweifel and Manning (2000) as well as
Nyman (2003)).



US data in 2009— and quantitatively analyze the welfare outcomes of the three approaches to
providing health insurance.

Our quantitative model has two key features: health capital accumulation over the lifecycle
similar to Grossman (1972b) and agent heterogeneity due to idiosyncratic risks and incomplete
markets similar to Bewley (1986). In the model health affects utility and labor productivity and
serves as a consumption and as an investment good. Individuals are exposed to idiosyncratic
health shocks in addition to labor productivity shocks. They can buy health insurance and
invest in their health via the consumption of medical services. Health care and health insurance
choices are jointly determined with consumption, savings and labor supply. In the presence of
idiosyncratic earnings and health shocks individuals use savings and health insurance to smooth
their consumption and health over the lifecycle. Individuals know their individual-specific health
capital and insurance status at the time they make their decision on medical consumption and
health insurance. This feature introduces incentives for individuals to purchase health insurance
and medical services. Thus, elements of adverse selection and ex-post moral hazard are present
in our framework.?

To discipline our quantitative analysis we require our benchmark model to match the lifecycle
patterns of income and health, labor supply, asset holdings and health expenditures in the US
before Affordable Care Act (ACA) in 2010. Our model is able to capture the lifecycle structure
of health risk in conjunction with income risk as observed in the data. Health expenditures are
low early in life because of low health risk for young individuals, and subsequently rise as the
probability of negative health shocks increases and health capital depreciates. On average, health
expenditures rise exponentially later in life because individuals are exposed to more frequent
and larger health shocks. In addition, our model reproduces the hump-shaped lifecycle profile of
insurance take-up rates in the US. Finally, our model replicates the income distribution from the
Panel of Income Dynamics (PSID) as well as macroeconomic aggregates from national income
accounts (NIPA).

In order to measure the size of the welfare effects of the three different systems, we construct
a hypothetical economy where all private and public health insurance arrangements are removed.
In this no-insurance economy all individuals are forced to self-finance all health expenditures. The
two types of idiosyncratic risks (wage income shocks and health shocks) are not fully insurable
in this economy. The lack of insurance options against health risk interacts with the limited set
of market instruments against income risk (i.e., essentially constrained household savings and
adjustments of the labor supply) and amplifies the welfare cost of amplified consumption variance
viz-a-viz a standard Bewley model without health risk. The overall welfare cost is the sum of the
cost of missing insurance against income rigsk and the cost of incomplete health insurance against

health risk. The former is well documented in a large literature (e.g., Deaton (1991), Huggett

2Ex-ante moral hazard is absent in our framework since agents are not able to influence the probability distri-
bution of health shocks. Ex-post moral hazard, on the other hand, describes the situation where the individual is
assumed to have a choice about the extent of treatment once an illness has occurred. The insurer is not able to
observe how ill the individual is and can therefore not condition the insurance contract on this information, so that
a moral hazard issue arises. See Pauly (1968) and Zeckhauser (1970) for a formal model of ex-post moral hazard.



(1993), Aiyagari (1994) and Levine and Zame (2002)), while the latter only appears in incomplete
market models with health risk (e.g., Jeske and Kitao (2009), Nardi (2010), Capatina (2015),
Jung and Tran (2016)).

With the introduction of the US system into the baseline economy without health insurance,
retirees and poor individuals benefit from public insurance through Medicare and Medicaid, while
working individuals have options to buy private health insurance policies. Even though this
hybrid system is quite segmented and fails to insure everybody, many individuals do benefit
from health insurance. On the other hand, GDP drops by roughly 7 percent due to the adverse
incentive effects. Nevertheless large welfare gains across all income groups can be observed. The
overall welfare gain of a US style health insurance system—relative to an economy with economic
fundamentals similar to the US economy but with a complete lack of insurance contracts—is large
at about 5.2 percent of compensating equivalent consumption variation (CEV).3

We next analyze the welfare effects of introducing a private health insurance (PHI) system into
the no-insurance economy. In particular, we consider two designs of the PHI system: (i) without
government regulation in insurance and healthcare markets and (¢i) with government regulation
in both markets. The PHI system without government regulation provides only individual health
insurance (IHI) plans similar to the ones in the benchmark US system. Insurance companies that
offer THI plans are free to adjust and charge premiums according to the risk type of the household.
Our results show that this pure market-based approach is not feasible due to an adverse selection
spiral that completely unravels the insurance markets. The pure private health insurance system
collapses and the economy is identical to the no-insurance economy. That is, adverse selection
restricts the type of insurance contracts available through markets, which creates a potential
role for government regulation. In an extension, we allow the government to impose certain
regulations on insurance premiums and medical prices in addition to provisions in the tax code
that make premiums tax deductible (similar to group health insurance plans (GHI) in the current
US system). Under these regulations, the PHI system with government regulations becomes viable
and insurance take-up rates reach close to 69.8 percent of the active working population. Welfare
gains, compared to the no-insurance economy, are again realized. The welfare benefit of the PHI
system with government regulations is slightly smaller than that of the US system. The main
reason is that the insurance take-up rate is smaller under the PHI system.

Finally, we assess the welfare effects of a universal public health insurance (UPHI) system.
Not surprisingly, compulsory public health insurance significantly reduces savings (i.e., self insur-
ance) due to crowding-out effects and tax distortions. This subsequently leads to a 12 percent
decline in the long-run capital stock, compared to the economy with no health insurance. The
share of GDP spent on health care increases significantly due to an ex-post moral hazard effect.*
However, under the UPHI system, adverse selection effects are completely eliminated as the entire

population is automatically enrolled in the health insurance program which leads to improvements

3CEV is measured as percent of lifetime consumption of a newborn individual. This is an aggregate measure of
welfare benefit.

‘Ex-ante moral hazard effects are not modeled as consumers cannot affect the probability of a health shock in
our model.



in risk sharing and subsequent welfare gains. Moreover, the UPHI system financed by flat taxes
implicitly redistributes wealth and income in favor of the high-risk low-income cohorts. Overall
the insurance/redistribution effects dominate the distortionary effects so that welfare gains are
realized compared to the economy with no health insurance.

The levels of the welfare gains of the UPHI system depend strongly on the coinsurance rate of
public health insurance.® The coinsurance rate affects the incentive to purchase medical services
and thus the degree of ex-post moral hazard, which subsequently determines the amount of cost
sharing between government and households in the economy. That is, there is a trade-off between
two conflicting objectives: providing risk coverage while incentivizing the insured individuals
to moderate their health expenses. By varying the coinsurance rate, the government is able to
determine the degree of ex-post moral hazard in the economy. We observe a hump-shaped pattern
of welfare gains as we increase the coinsurance rate. There exists an optional coinsurance rate
that maximizes the overall welfare benefits of the UPHI system. Interestingly, we can also identify
a range of coinsurance rates where the welfare benefits of the UPHI system dominate the welfare
gains of the US system over the no insurance case. The logic is as follows. The UPHI system
eliminates all adverse selection effects but results in larger ex-post moral hazard effects and tax
distortions.® Conversely, the US system—a mix of public and private health insurance—suffers
from adverse selection effects, which lead to lower insurance take-up rates among low income
individuals in bad health. On the plus side, the US system triggers smaller tax distortions due
to the smaller size of the public health insurance component. Our results indicate that the
UPHI system with sufficiently large coinsurance rates delivers better welfare outcomes than the
US system as it better balances the insurance and incentive effects, while controlling for moral
hazard and not being negatively affected by adverse selection.

Thus, a structural reform that replaces the US system with a UPHI system can result in large
welfare gains. However, such a radical reform would face political headwinds due to opposing
welfare effects across income groups. Low income groups experience large welfare gains and prefer
to switch to the UPHI system, while middle and high income groups experience welfare losses and
would prefer the US system. This finding highlights political challenges associated with radically
reforming the US system into the UPHI system.

Related literature. Our paper contributes to a large macroeconomics literature analyz-
ing the welfare benefits of public transfer programs in quantitative dynamic general equilibrium
models. Auerbach and Kotlikoff (1987), Imrohoroglu, Imrohoroglu and Joines (1995), Conesa and
Krueger (1999) and Fuster, Imrohoroglu and Imrohoroglu (2007) study the welfare effects of social
security. Hansen and Imrohoroglu (1992) evaluate the welfare benefit of unemployment insurance.
More recently, Braun, Kopecky and Koreshkova (2017) assess the welfare effects of means-tested

social insurance for the older population. We instead focus on the social insurance role of public

®Linear coinsurance under ex post moral hazard, where insurers pay the same fraction of the health care cost
whatever the individuals expenses, has been studied in the health insurance literature (e.g., see Zeckhauser (1970)
and Feldstein (1973)).

6Compare Spence and Zeckhauser (1971), Pauly (1974), Blomqvist and Horn (1984b), Besley (1988), Besley
(1989), Manning and Marquis (1996), Nyman (1999) and Petretto (1999).



health insurance.

Our paper is closely related to the broader literature on incomplete markets macroeconomic
models with heterogeneous agents as pioneered by Bewley (1986) and extended by Huggett (1993)
and Aiyagari (1994). This model has been applied widely to quantify the welfare cost of public
insurance for idiosyncratic income and longevity risks (e.g., Hubbard and Judd (1987), Golosov
and Tsyvinski (2006), Heathcote, Storesletten and Violante (2008), Conesa, Kitao and Krueger
(2009), Huggett and Parra (2010), and Krueger and Perri (2011)). This literature shows that
if the ability of risk sharing in private markets is limited, then publicly provided risk sharing
mechanisms can improve the allocation of risk, smooth non-medical consumption and increase
welfare. Labor income shocks are the source of risk and consumption variation in the Bewley
type model. We introduce medical consumption and health shocks as another source of risk into
the Bewley framework.

A number of studies address health risk and precautionary savings (e.g., Kotlikoff (1988),
Levin (1995), Hubbard, Skinner and Zeldes (1995) and Palumbo (1999)). These studies commonly
assume exogenous health expenditure shocks. More recent contributions to this literature have
incorporated exogenous health expenditure shocks into large-scale dynamic general equilibrium
models which are then used to evaluate the macroeconomic effects of health insurance reforms
(e.g., Jeske and Kitao (2009), Pashchenko and Porapakkarm (2013) and Hansen, Hsu and Lee
(2014)). In their models, incomplete markets and adverse selection restrict the type of insurance
policies available and creates a potential role for health insurance reforms. Unlike these studies we
introduce the micro-foundations of health capital accumulation and endogenize both health care
and health insurance decisions. In our incomplete markets model, adverse selection and ex-post
moral hazard are both present. We account for the two-way interaction between insurance status
and health expenditures, which is a key element in explaining the effects of ex-post moral hazard
arising from health insurance reforms.

Our work can be viewed as a quantitative extension of the Grossman model of health capital.
The roots of the health accumulation process in our model are established in the Grossman
literature on health capital (Grossman (1972b6) and Grossman (1972a)). However, the Grossman
literature abstracts from matching the models directly to the stylized facts of health related
lifecycle behaviors as they tend to be rather parsimonious. Studies in health economics mainly
concentrate on the theoretical and empirical micro-foundations of medical spending (see Grossman
(2000) for a review of this literature). We extend the Grossman model to a dynamic general
equilibrium model where we account for health shocks, insurance choice, supply side of medical
service and institutional features. We demonstrate that our generalized Grossman model can
match the lifecycle patterns of health expenditures and the take-up rates of health insurance in
US data.

More recent studies, including Suen (2006), Hall and Jones (2007), Jung and Tran (2008),
Nardi (2010), Feng (2010), Hugonnier, Pelgrin and St-Amour (2013), Fonseca et al. (2013), Scholz
and Seshadri (2013), Zhao (2014), Capatina (2015), Yogo (2016), Jung and Tran (2016) and

Ozkan (2017) use lifecycle models of medical and non-medical consumption to study implications



of health and healthcare reform. Jung and Tran (2016) in particular analyze the long-run effects
of the Affordable Care Act in the US. We deviate from focusing on the US health insurance system
and explore the welfare effects of different approaches to providing social health insurance in an
incomplete markets model.

Our paper is connected to the literature on optimal insurance and government redistribution
(e.g., Blomqvist and Horn (1984b), Rochet (1991) and Cremer and Pestieau (1996)) as well as the
literature on mixed public-private health insurance systems (e.g., Besley (1989), Selden (1997),
Blomqvist and Johansson (1997), Petretto (1999) and Chetty and Saez (2010)). These studies
analytically investigate the optimal structure of mixed insurance systems in terms of efficiency
and equity in highly stylized models. Differently, we provide a quantitative analysis using a more
realistic model.

The paper is structured as follows. Section 2 describes the insurance and incentive trade off in
a two-period model. Section 3 presents the full dynamic model. Section 4 describes our calibration
strategy. Section b describes our experiments and quantitative results. Section 6 concludes. The

Appendix presents all calibration tables figures.

2 A two period model with health risk

We start by demonstrating how the public provision of health insurance can improve welfare when
health risks are present and markets are incomplete.

Environment. We consider a two period overlapping generations model. Young individuals
in period 1 work and earn labor income. They subsequently retire in period 2 and live on their
savings. Each cohort has measure one. The health state ho of retired individuals is a random
variable with density f (hg). The health state subsequently determines the level of health care
expenditures m (hg) in the second period. Insurance markets are assumed to be incomplete so
that agents are not able to share health risk across households and generations. They rely on
their precautionary savings as self-insurance device.

Health risk and demand for insurance. A young individual knows the distribution of
future health states, f (he2), but not the specific health state that she will end up in when old.
At the beginning of period 1, the individual decides on consumption, labor supply and savings
to maximize expected utility, while forming an expectation about her future health hs. The

optimization problem can be written as

V()= max

C1,11,51,C2

{ u(c1) —0v(n1) + Eu(ca, ho) s.t. }

c1 + s1 = nqwy and ¢y + mo = Rsy,

where Eu (co, he) = [ u(c2, ha) f (ha) dhsy is expected utility derived from health and consumption,
w; and R are the market wage and interest rates, respectively, c¢; is consumption and n; is
labor supply when young, s; is saving, co is consumption when old, ms = m(hg) > 0 is the
health expenditure in the second period as a function of health status. Note that, it is assumed

that the utility functions u (¢), v(n) and w(c,h) have standard properties: u. > 0, v, > 0,



up, > 0, and ue. < 0. The F.0.Cs for the household problem are: w., (¢1) = wilvm (n1) and
Ue, (c1) = RBEu,, (c2,h2). Let I'1 denote the state variable vector. The individual’s optimal
decision rules are ¢f = ¢¢(I'1), nj = ¢" (I'1) and s7 = ¢° (I'1) and the value function with no
health insurance is V' (I'y) .

In our setting agents are risk averse. Since no health insurance option is available they are
forced to self-insure against health risk by “oversaving.” Young agents are therefore willing to pay
more than the actuarially fair premium for an insurance contract that eliminates future health
expenditure risk which creates demand for health insurance.

Social health insurance. In the absence of well functioning health insurance markets,
the presence of health risk gives rise to government intervention through tax-transfer programs
that provide alternative mechanisms for pooling health risk across households. We consider a
government-run health insurance program for retirees where the government sets coinsurance rate
(7) which determines the fraction of total health expenditure that individuals end up paying
out-of-pocket. In order to finance the program the government imposes a tax rate (7) on labor
income in period 1 so that Tniwy = [(1 — y)m (hg) f (he) dhe. Let T'y denote the state variable

vector with social health insurance. The optimization problem can be written as

V(I'2) = max

cinisiez | g+ 51 = (1 — 7)njwy and ¢g + ymg = Rsy.

{ u(cr) —6v(n1) + Eu(ha, c2) s.t. }

The optimal decision rules are ¢f = ¢¢ (I's), nj = ¢g" (I'2) and s = ¢® (I'2) and the value function
with a public health insurance program is V (I'z) .

In our second-best setting the provision of public health insurance institutes more equitable
risk sharing across retirees which results in welfare gains. We refer to this as the insurance effect.
On the other hand, the public health insurance program needs to be financed by taxes which
distort household incentives to work and save in period 1 which tends to cause welfare losses. We
refer to these distortions as the incentive effect. The introduction of a public health insurance
program is often justified based on the classic trade-off between insurance and incentive effects.
If the insurance effect is dominant, welfare gains are realized, V (I'y)> V (T'y).

An optimal design of a public health insurance program is obtained when the system efficiently
trades-off between insurance and incentive effects. We next consider an optimal policy problem in
which the government chooses the coinsurance rate of the public health insurance system ~ and the
tax rate 7 to maximize a social welfare function that weighs every individual equally subject to (i)
balancing the government budget constraint and (i7) solving household optimization problems. In
our framework, each agent has a known and common wage income when young but face uncertain
future health states. Old agents are thus heterogeneous in their health status and their second
period utilities. The government’s objective function takes this distribution into account and

chooses a coinsurance rate v and a tax rate 7 so that the aggregate expected lifetime welfare is



maximized. The government problem can be written as

u(cr) — v (n1) + [ u(ha,c2) f (ha)dhy s.t.
W = max mnwy = [(1—y)maf (ha) dhs,
Ccl = gC (Fz), ny = g" (Fg) and S1 = gs (Fg) .

Evaluating the government’s F.O.Cs yields the optimal coinsurance rate as

_ BR [ (ucymaf (h2)) dha — ue, pu

ny
ny

=1

)
Ue, X b X

_ Ony

where 1 = ['m (h2) f (h) dhs is the average health expenditure and nf = G2

This expression illustrates the classic trade-off that determines how much social insurance
should be provided through a public health insurance program. How the trade-off plays out
depends on economy-based fundamentals such as preferences, endowments including income and
health risks, the evolution of health capital over the lifecycle, the insurance market structure and
institutional settings. In the next section, we therefore formulate a more realistic model where
some of these factors are modeled. We then quantitatively explore the welfare implications of

different approaches to designing a health insurance system.

3 A full model with income and health risk

3.1 Demographics

The economy is populated with overlapping generations of individuals who live to a maximum
of J periods. Individuals work for J; periods and then retire for J — Jy periods. In each period
individuals of age j face an exogenous survival probability 7;.” Deceased agents leave an accidental
bequest that is taxed and redistributed equally to all working-age agents alive. The population
grows exogenously at an annual net rate n. We assume stable demographic patterns, so that age j
agents make up a constant fraction u; of the entire population at any point in time. The relative
sizes of the cohorts alive p; and the mass of individuals dying fi; in each period (conditional
on survival up to the previous period) can be recursively defined as p; = (H;Wuj,l and

fij = %M—h where years denotes the number of years per model period.

"We abstract from the link between health, health expenditures and mortality due to computational constraints
and the empirical issues with the value of life calculations that would require further assumptions (see Hall and
Jones (2007)). While there are studies that support our assumption of exogenous mortality such as Finkelstein
and McKnight (2008) who find evidence that the introduction of Medicare had no discernible impact on elderly
mortality in its first 10 years, there are also studies such as Scholz and Seshadri (2013a) and Ozkan (2017) that do
find links between large public health insurance programs and mortality, especially for lower income groups. We
therefore do acknowledge that the assumption of exogenous mortality can potentially affect the welfare numbers
in our study.



3.2 Endowments and preferences

In each period individuals are endowed with one unit of time that can be used for work [ or
leisure. Individual utility is denoted by function w (¢,l, h) where u : Ri L~ Ris C?, increases
in consumption ¢ and health h, and decreases in labor [. Individuals are born with a specific
skill type ¥ that cannot be changed over their lifecycle and that together with their health state
hj and an idiosyncratic labor productivity shock eé» determines their age-specific labor efficiency
e <19, hj, eé) The transition probabilities for the idiosyncratic productivity shock eé- follow an age-
dependent Markov process with transition probability matrix II'. An element of this transition
matrix is defined as the conditional probability Pr (Eé,j +1|eéj), where the probability of next

period’s labor productivity eé’ i+ depends on today’s productivity shock 6%7 i

3.3 Health capital

Health capital depreciates at rate 5;-‘. In addition, individuals face idiosyncratic health shocks
e;-‘. Individuals can buy medical services m; at price p,, to improve their health capital as in

Grossman (1972b). Health capital therefore evolves according to
h]' =1 (mj,hj,l,éé?,e?) 5 (1)

where h; denotes current health capital and h;_; denotes health capital of the previous period.
The exogenous health shock e? follows a Markov process with age dependent transition probability
matrix H?. Transition probabilities to next period’s health shock e;-‘ .1 depend on the current

health shock e? so that an element of transition matrix H;? is defined as the conditional probability
h h
Pr (ej+1|ej> :

3.4 Technologies and firms

The economy consists of two production sectors. The two sectors are assumed to grow at a
constant rate g. In sector one, there is a representative firm that uses physical capital K and
effective labor services L to produce non-medical consumption goods ¢ with a normalized price
of one. The firm in the non-medical sector are perfectly competitive and solve the following

maximization problem

F(K,L)—qK —wL 2
masx (F (K. L) ~ gK —wL}. @

taking the rental rate of capital ¢ and the wage rate w as given. Capital depreciates at rate ¢
in each period. Sector two, the medical sector, is also populated by a continuum of identical
firms that use capital K,, and labor L,, to produce medical services m at a price of p,,. The
representative firm in the medical sector chooses capital K,, and effective labor L,, in order to

maximize its profit according to

{Kfil7afm} {mem (Kma Lm) —qK,, — 'LULm} . (3)

10



3.5 Government

The government engages in a number of activities via various government programs: social security
program, social insurance programs, a general consumption program and an accidental bequest
redistribution program. The social security program operates on the basis of the Pay-As-You-Go
(PAYG) principle in which the government collects a payroll tax 7% from the working population

t55 per retired household. The PAYG program is self-financed.

to finance social security benefits of

In addition, the government provides a social transfer program (7°!) that guarantees a mini-
mum consumption level. The government also operates a government spending program (G) that
is exogenous and unproductive. The government collects consumption tax revenue at a flat rate,
7¢, and income tax revenue at a progressive rate to balance its budget every period. Finally,
the government collects and redistributes accidental bequests t?eq in a lump-sum fashion to each

working-age household.

3.6 Household problem

Agents with age j < Jj are workers and thus exposed to labor shocks. Old agents, j > Ji, are
retired (I; = 1) and receive pension payments. They do not face labor market shocks anymore.
The agent state vector at age j is given by

(aj,hj_l,ﬂ,eg,eg) €R. xR, xRy xRy x R if j < Ji,

(4)
(aj,hj_l,ﬁ,eg) €R. xRy x Ry x R_ if § > Ji,

ijDjE

where a; is the capital stock at the beginning of the period, hj_; is the health state at the
beginning of the period, 9 is the skill type, eé is the positive labor productivity shock, e? is a
negative health shock. After the realization of the state variables, agents simultaneously chose
from their choice set

(¢j,lj,mjajp1) € Ry x [0,1] x Ry x Ry if j < Jy,

Cj =
(cj7mj7aj+1) € Ry xRy x Ry if § > Ji,

where c¢; is consumption, [; is labor supply, m; are health care services, and ajy1 are asset
holdings for the next period in order to maximize their lifetime utility. All choice variables in the
household problem depend on state vector x;. We suppress this dependence in the notation to

improve readability. The household optimization problem is

Vv (l‘]) = I%}:ai{ {u (Cj, hj, l]) + ﬂﬂ'jE [V (l‘j.H) | .’E]]} s.t. (5)

(1 + TC) i+ (1 +g)aj1 +pm x mj =y; — taxj — taxfs,

0 S aj+1, OSZJ §1, and (1),
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where p,,, x m; is out-of-pocket medical spending, y; is the sum of all income including labor,
assets and bequests, tax; is total income taxes paid and tax]S 9 is the social security tax. Household

income and tax payments are defined as

e (19, hj7e§-) X I x w+ R (aj +t89) 4651 if j < J,

67 + R (aj +1°¢) +1¢5 5>
ta-%'j = %(gj)v
U = yj—aj — B _ 0.5 x taxfs, (7)
taa:fs _ 7_SS % min (gss’ e (197 hj, eé) X lj X w) s
t]S.I = max|0, ¢+ pm X m+ tar; — yj] .

Variable w is the market wage rate and R is the gross interest rate. Variable y; is taxable
income, 7 (g;) is the progressive income tax payment and ta:cfs is the social security tax with
marginal rate 75° that finances the social security payments t]SS . The maximum contribution
to social security is 9ss. The social insurance payment t?l guarantees a minimum consumption
level ¢ and a minimum level of health spending m. The latter is set so that individuals do not
fall below the lowest health capital grid point but also to prevent individual from using social
insurance to build up their health capital to the maximum level. Also, if social insurance is paid
out, then automatically a;11 = 0 so that social insurance cannot be used to finance savings.
For each z; € Dj let A (z;) denote the measure of age j agents with z; € D;. Then expression
piA (x5) becomes the population measure of age-j agents with state vector x; € D; that is used

for aggregation.

3.7 Recursive equilibrium

J1

J
Given transition probability matrices {Hg} and {H?} L survival probabilities {r; };]:1 and
]:

Jj=1

C

.. _\J .. ey .
exogenous government policies {tax (x),T .5 ¢, yss}jzl, a competitive equilibrium is a col-

lection of sequences of distributions {p;, A; (xj)}}]:l of individual household decisions
{cj (zj), 1 (x5),aj41 (z5) ,m; (xj)}jzl , aggregate stocks of physical capital and effective labor
services {K, L, K, L, } , and factor prices {w, q, R, p,, } such that

(a) {cj(xj),l (z5),aj41 (xj),m; (xj)}jzl solves the consumer problem (5),

(b) the firm first order conditions hold in both sectors

w = Iy (K, L) :mem,L (KmaLm)a
qg = Fgk (K, L) :mem,K (KmaLm)a
R = g+1-4,

12



(c) markets clear

J
K+ Ky, = Z“J/ )) dA () + Z/ﬂjaj () dA (z5)
j=1
L+L, = Z,u]/e] xj)l; (x5) dA (z5) ,
(d) the aggregate resource constraint holds

J
G+(1+g)S+Zuj/(c(xj) P () dA (2) = ¥ + pYin + (1 = 0) K,
j=1

(e) the government programs clear

Z uj/tss xj) dA (x;) Zu]/ta:p (xj) dA (x;),

j=J1+1

TSI

ZMJ/tSI ;) dA (z5) + G = Zﬂa/ (7€ (a) + tax; (x))] dA (x;), (8)

7j=1

(f) the accidental bequest redistribution program clears

J1 J
i [ % () dA (25) = ijaj (x;) dA (z;5)
> [ @ dn @) g/u )dA (z;)

(g) the insurance system is self-financed so that insurance payouts over all participants equal

premium contributions and/or ear marked tax collections and®

(h) the distribution is stationary 1, A(xj41) = Tpa (15, A(xj)) where T, o is a one period

transition operator on the distribution.

3.8 Health insurance system and household optimization

In this section we describe how individuals fund their medical expenditures. In an economy with
no health insurance, individuals have to pay all medical expenditures out-of-pocket. When a
health insurance system is introduced, the amount individuals end up paying out-of-pocket for
medical services is a direct function of their insurance status, the coinsurance rate of their health
insurance, the price of medical services and the quantity that the individual buys. We consider

three alternative health insurance systems: (i) a hybrid system of mixed private and public health

¥We discuss the specifics of the insurance system in the following sections.
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insurance (US system), (i7) a private health insurance system (PHI), and (¢i7) a universal public
health insurance system (UPHI).

3.8.1 System 1: A mixed public and private insurance (US) system

This system consists of private health insurance provided by insurance companies for workers and
public health insurance provided by the government for retirees and poor individuals.

Health insurance. Insurance companies offer two types of health insurance policies for
workers: a group health insurance plan (GHI) via the employer or an individual health insurance
plan (IHI). Individuals are required to buy insurance one period prior to the realization of their
health shock in order to be insured in the following period. The insurance policy needs to be
renewed each period. By construction, agents in their first period are thus not covered by any
insurance. GHI can only be bought by workers who receive a GHI offer from their employer. Let
¢SHI be a binary random variable that indicates the state of the GHI offer from the employer.
The GHI offer follows a Markov process which is a function of the permanent skill type ¥ and

age j of an individual. Let Pr (e;}ffk;}m,ﬁ) be the conditional probability that an agent has

GHI status eJG+H11 at age j + 1 given that she had group insurance status engI at age 7. The 2 x 2

transition probability matrix HJG};H collects all conditional probabilities for group insurance status.

GH

The insurance premium, prem©H is tax deductible and group rated so that insurance companies

are not allowed to screen workers by health or age. If a worker is not offered group insurance from

GHI — 0, the worker can still buy IHI. In this case the insurance premium

the employer, i.e., €
is not tax deductible and the insurance company screens the worker by age and health status,
prem!™! (5, h).

The government runs two public health insurance programs: Medicaid for the poor and Medi-
care for retirees. To be eligible for Medicaid, individuals are required to pass an income and asset
test.

The health insurance state in; for workers can therefore take on the following values:

if not insured,

if individualhealthinsurance(IHI),
if group health insurance (GHI),
if Medicaid.

mj =

w NN = O

After retirement (j > Jp) all agents are covered by public health insurance which is a combination
of Medicare and Medicaid for which they pay a premium, prem®?. The government collects a payroll

tax to finance Medicare and Medicaid.

Medical prices. An agent’s total health expenditure in any given period is pirn”

X mj, where
the price of medical services py,’ depends on insurance state in;€ {no Insurance, IHI, GHI, Medicaid, Medicare}.
We accomplish this in the form of insurance specific price mark-ups over a base price p,, of medical

services so that insurance specific premiums can be written as

I THI , GHI _Maid , M
[ Irlr? ns’pm y Pm, 7pma1 7pmcare] = [fnolns 7fIHIa fGHIa fMaida chare] X Pm.-
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These exogenously imposed markups generate profits, profits™, for medical providers that we re-
distribute to all surviving households. The out-of-pocket (OOP) health expenditure of a working-
age agent is given by

in;

Pm’ mj, if in; =0,

o\m;) = . im
( J) A X (p:g]mj), if inj > 0,

(9)
where 0 < fy;nj < 1 are the insurance state specific coinsurance rates.” A retiree’s OOP expen-
diture is o (m;) = B x (pﬁ X mj) , where v is the coinsurance rate of Medicare and pﬁ is the
price that a retiree pays for medical services.

Insurance provider. For simplicity we abstain from modeling insurance companies as profit
maximizing firms and simply allow for a premium markup w. Since insurance companies in the
individual market screen customers by age and health, we impose separate clearing conditions for

each age-health type, so that premium, prem™! (4, h), adjusts to balance

(1+wjn) 1y / [Limsegm=1y (1= 21™) P (5) | dA (5,-) (10)

= Ruj1/ (1[mj_l’h(%._Lh):l]premm (- 1>h)) dA (zj-1,-1) ,

where x; _j is the state vector for cohort age j not containing h since we do not want to aggregate

over the health state vector h in this case. The clearing condition for the group health insurances

is simpler as only one price, prem“H! adjusts to balance
J1
CGHI GHI\ , GHI
(1) S5 [ [Ny ooy (1 =25 555 )] 02 () (1)
j=2
Ji—1
= R Mj/(l[mj(zj)=2]pfemGHI> dA (z5),
j=1
where wﬁ} and wSM" are markup factors that determine loading costs (fixed costs or profits),
’y}HI and 'ijHI are the age dependent coinsurance rates, and p}fl and p%HI are the prices for

health care services of the two insurance types. The respective left-hand-sides in the above
expressions summarize aggregate payments made by insurance companies whereas the right-hand-
sides aggregate the premium collections one period prior. Since premiums are invested for one
period, they enter the capital stock and we therefore multiply the term with the after tax gross
interest rate R. The premium markups generate profits that are redistributed in equal (per-capita)

amounts, denoted profit™, to all surviving agents.'®

9The coinsurance rate denotes the fraction of the medical bill that the patient has to pay out-of-pocket. For
simplicity we include deductibles and co-pays into the coinsurance rate.

0Notice that ex-post moral hazard and adverse selection issues arise naturally in the model due to information
asymmetry. Insurance companies cannot directly observe the idiosyncratic health shocks and have to reimburse
agents based on the actual observed levels of health care spending. Adverse selection arises because insurance
companies cannot observe the risk type of agents and therefore cannot price insurance premiums accordingly.
They instead have to charge an average premium that clears the insurance companies’ profit conditions. Individual
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Medicare is financed by a Medicare tax and premium payments and together with Medicaid

enter the government budget in the following way:

J1
G+T+) u / Liin; (a5)=8) (1 = 7™) oAty (27) dA () (12)
j=2
J
F [ ) bl () A (2)
j=J1+1

J J J1
= Yo [ lroe @)+ taz (el ah )+ Yy [ prem® (o) dh o)+ 3y [ tasedan (o),

J=1 j=Ji+1 j=1

MAid and 47 are the coinsurance rate of Medicaid and of the combined Medicare/Medicaid

where v
program for the old, respectively.
Household optimization. The state vector for the household optimization problem includes
GHI

one additional dimension for workers due to the employer matching shock €,

<aj,hj,1,z9, eg.,e;%,e]GHI,mj) € Ry x Ry x Ry x Ry x R_ x {0,1} x {0,1,2,3) if j < Ji,

i, €D; =
S <aj,hj,1,z9 eh mj) € Ry x Ry x Ry x R_ x {1} it j > J5.

Py

The household choice set is defined as

C (cj,lj,mj’ajﬂ,injﬂ) € Ry x [0, 1] x Ry x Ry X {0, 1,2,3} if j < Jy,
j =
(cj,mj7aj+1) €eR, xRy X Ry if j > Ji.

The insurance system component that enters the household budget constraint on the left hand

side is

(i) i, —1yprem™ (5, k) + 1, —oyprem @™ + tazhed — (profits™ + profits™) if j < Ji,

i(inj41) =
premyed — (proﬁtsM + proﬁtsln) if j > Jy,

where 1z, =1} and lg,, -0y are indicator variables that are equal to one if the individual

chooses the respective insurance state and zero otherwise. Medicare is financed by a payroll

tax tax}-vled and premium payments prem?ﬁed. Per capita provider profits are denoted profits™

and per capita insurance company profits are denoted profits’”. Taxable income y; now includes

provider profits, GHI premium deductions and payroll tax deductions from Medicaid payments:

Z]j = yj—l—proﬁtsM + proﬁtsln —a; — $Bea _ 1[z‘nj+1:2}premGHI —05 (tamfs + tax?/[ed) ’
taxfs — 55 ¢« min <§ss, e (19, hj, eé) X lj xw— 1[m‘7_+1:2]premGH1> ’
taa:?/[ed —  Med o (e (79, hj, eé) X1y xw— 1[m]~+1:2]premGHI) ’

insurance contracts do distinguish agents by age and health status but not by their health shock.
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Med

where 7 is a payroll tax financing Medicare.

3.8.2 System 2: A private health insurance (PHI) system

We next introduce a private health insurance (PHI) system where only private health insurance is
available and all public health insurance programs such as Medicaid and Medicare are removed.
Specifically, we analyze two cases: a PHI system without government regulation in health insur-
ance and health care markets and a PHI system with government regulation in health insurance
and health care market. In the unregulated PHI system insurance companies are free to set premi-
ums according to the health state and age of an individual similar to individual health insurance
(IHI) markets in the US system (i.e., age and health discrimination is possible). Differently, in
the regulated PHI system the government introduces regulations that prevents premium price
discrimination by insurance companies based on health status, and also provides tax credits to
individuals who buy private insurance, which is similar to group health insurance (GHI) markets
in the US system.

Health insurance. The health insurance state in; for individuals can therefore take on the

following values:

) 0 if not insured,
inj =
! 1 if privately insured (either THI or GHI).

The premiums for private insurance are again denoted by prem™" (4, h) or prem©HT, respectively.
The out-of-pocket health expenditures depend on the insurance state

p;zj m; if in; =0,

i x (pm’m; ) if ing > 0,

where 0 < 4" < 1 are the insurance type specific coinsurance rates.

Insurance provider. The respective IHI and GHI sectors are set up similarly to the US case
in expressions (10) or (11) with the exception that private insurance is extended to include the
retired population. IHI companies again screen customers by age and health so that we impose
separate clearing conditions for each age-health type with premiums, prem™! (j, h), adjusting to
balance expression (10) for all age groups j where x; _, is the state vector for cohort age j not
containing h since we do not want to aggregate over the health state vector h in this case. The

GHI

clearing condition for the group health insurances is simpler as only one price, prem~"" adjusts

to balance expression (11) for the working age population and a separate constraint for the retired

population:

S Y g, [ st (1S 6800 )] dn ) (19

j=J1+1

= R Z ,uj/ [in, (z; premGHI> dA (zj) .

j=J1
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Household optimization. The state vector for the household optimization problem is

(aj7hj,1,z9, Eé—,E?,in]’) € Ry x Ry x Ry x Ry x R_ x{0,1} if j < Jy,
(aj,hj,l,ﬁ eh mj) € R. x Ry x Ry x R_ x {1} if §> Jy,

Py I

:L’jGDjE

the household choice set is

C = (cj,lj,mjyajﬂ,injﬂ) € Ry x[0,1] x Ry x Ry x {0,1} if j < Jy,
T (¢j,mjaji1,inj41) € Ry x Ry x Ry x {0,1} it j > Ji,

and the insurance system component that enters the household budget constraint on the left hand
side is
X ) 1{mj+1:1}prempl (j,h) — (proﬁtsM + proﬁtsln) ity <.Jp,

t\Inj41) =

1{ij:1}prempI (J, h) — (proﬁtsM + proﬁtsln) if j > Jy,

with
- prem™ (5, h) if IHI case,
prem' (j,h) =

premGH! if GHI case,

where 1y, =1} 1s an indicator variable that is equal to one if the individual chooses to buy
private health insurance and zero otherwise. Per capita provider profits are denoted profits™
and per capita insurance company profits are denoted profits™. Taxable income y; now includes
provider profits, GHI premium deductions for the case with GHI and payroll tax deductions from
Social Security payments:

U = yj+ profitsM + profits™ — a; — ¢Bea — 1 prem©H — 0.5 x taxjss,

]premGHI> .

ingq1=1]

SS SS . — l
tax7” = 777 X min (yss, e (19, hj,ej> XUy xw =1, =1

3.8.3 System 3: A universal public health insurance (UPHI) system

We finally consider a universal public health insurance (UPHI) system where the government
provides a Medicare type program for all workers and retirees and the private health insurance
markets are not available in the model.

Health insurance. The UPHI is mandatory, covers everybody and is financed by taxes. The

OOP health expenditures of the household are given by
o (mj) = ~IPHL <ngHImj> ,

UPHI

m

where vVPHI is the coinsurance rate of the UPHI program and p is the price that providers
charge uniformly.

Insurance provider. The government is the sole provider of insurance. Aggregate insurance
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payments are defined as
J
InsPayUPHI = Z 1 / [(1 - 7UPHI> pUPHLy, (x])] dA (x;) .
j=1

We consider two financing options. First, a payroll tax 7V finances the UPHI system so that
InsPayUPHI = Zu / 7V x e (x) 1 () w] dA (z;) (15)

has to hold in addition to the government budget constraint in expression (8). Alternatively, we
also solve for the case where a consumption tax 7¢ finances the UPHI system. In this case the

government budget constraint changes to
ImsPaLyUPHI +G+ T = Z“J / %% (2;) + tax; (z;)] dA (z;) .

Household optimization. The state vector for the household optimization problem is

(aj,hj_l,ﬁe e mj>eR+><R+><R+><R+><R_><{1} if § < Ji,

7]7]7

(aj,hj_l,ﬁ ! mj) € Ry x Ry x Ry x R_ x {1} it >,

7]7

ijDjE

the household choice set is

C = (cj,lj,mjﬂjﬂ) € Ry x [0, 1] X Ry x Ry if j < Jy,
j =
(cj,mmaj“) € Ry xRy X Ry if j > Jy,

and the insurance system component that enters the household budget constraint is either
i(in; = UPHI) =1y x e (19 hj,ej) ljw — profits™
if a payroll tax 7y is used to finance the system or
i (inj = UPHI) = 7¢ x ¢; — profits™

if a consumption 7¢ is used. Taxable income 7; now includes provider profits:

J; = y+profits™ —a; — 79— 0.5 x tax®

4 Benchmark calibration

In order to calibrate the structural parameters of our benchmark model we use the US-version

of the model from Section 3.8.1. We match moments generated by the model to moments from
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US data before the implementation of the Affordable Care Act in 2010. We use a standard
numeric algorithm to solve the model and determine parameter values.!! We use data from the
Medical Expenditure Panel Survey from 1999-2009 augmented with data from CMS, the Panel
Study of Income Dynamics (PSID) from 1984-2005 as well as data from the National Income
Accounts (NIPA). In our calibration, there are two sets of parameters: ezternal and internal
parameters. Frternal parameters are estimated independently from MEPS and CMS or borrowed
from previous studies. We list these external parameters in the Appendix, Table 8. Internal
parameters are calibrated within the model so that model-generated data moments match a given
set of targets from US data. We present these parameters in the Appendix, Table 9. We next
discuss how we choose the parameters, followed by a discussion of how well the US-model fits the
data. More details about the data and the calibration strategy are provided inJung and Tran
(2016).

4.1 Demographics

One period is defined as 5 years. We model households from age 20 to age 95 which results in
J = 15 periods. The annual conditional survival probabilities are taken from US life-tables in
2010 and adjusted for period length. The population growth rate for the US was 1.2 percent on
average from 1950 to 1997 according to the Council of Economic Advisors (1998). In the model
the total population over the age of 65 is 17.7 percent which is very close to the 17.4 percent as

fraction of the 20+ year olds in the census.

4.2 Preferences and endowments

Preferences. We choose a Cobb-Douglas type utility function of the form

((e7x (1=1=1ps9) ") % hl—ﬂ)l_a

l—0

u (el h) =

where c is consumption, [ is labor supply, l_J is the age dependent fixed cost of working as in French
(2005), n is the intensity parameter of consumption relative to leisure, & is the intensity parameter
of health services relative to consumption and leisure and o is the inverse of the intertemporal
rate of substitution (or relative risk aversion parameter). Cobb—Douglas preferences are widely
used in the macroeconomic literature (e.g., see Heathcote, Storesletten and Violante (2008)), as
they are consistent with a balanced growth path, irrespective of the choice for .2

The fixed cost of working parameters are set to match labor hours per age group. Parameter

o is set to 3.0 and the time preference parameter 3 is set to 1.001 to match the capital output

'\We use a variant of the Gauss-Seidl algorithm and first guess a price vector, then backward solve the household
problem using these prices, then aggregate the economy and finally solve for a new price vector using firm first
order conditions. We then update the price vector and repeat all the steps until the price vector converges.

2palumbo (1999), French (2005), Nardi (2010) and French and Jones (2011) use similar setups where health
status serves as preference shifter.
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ratio and the interest rate.'?

We set the intensity parameter n = 0.43 to match the aggregate
labor supply and « = 0.75 to match the ratio between final goods consumption and medical
consumption. In conjunction with the health productivity parameters ¢; and £ from the health
production function in expression (17) these preference weights also ensure that the model matches
total health spending and the health insurance take-up rate for each age group.

Labor productivity. The effective quality of labor supplied by workers is

1-x
hi — B
e; (19,hj,el> = (wagejﬂg)x X (exp <M9>> x e for j={1,..,Ji}, (16)

hj9

and has three components. First, we model the work efficiencies of four skill types, denoted 9.
Skill types are assumed to be predetermined and permanent and are formed by wage quartile.
The work efficiencies of the skill types are hump-shaped over the lifecycle and are estimated using
average hourly wage estimates wage; » by wage quartile (i.e., the permanent skill group ) and
age j from MEPS data.

Second, the quality of labor can be influenced by health. Since wage; s already reflects the
productivity for average health capital of an (j,9) type, the idiosyncratic health effect is measured
as percent deviation from the average health capital Ejﬂg of each skill and age group. In order to
avoid negative numbers we use the exponent function. Parameter y = 0.85 measures the relative
weight of the average productivity vs. the individual health effect.

The third component is an idiosyncratic labor productivity shock € and is based on Storeslet-
ten, Telmer and Yaron (2004). We discretize this process into a five state Markov process following
Tauchen (1986) with labor shocks ¢ € {4.41; 3.51; 2.88; 2.37; 1.89}.

4.3 Health capital

Health production technology. The law of motion of health capital consists of three compo-

nents:
Investment Trend Disturbance
P f_/_ P
hy=h(mj, by, o et) = g 4+ (1=0f )b+ e (17)

The first component is a health production function that uses health services m as inputs to
produce new quantities of health capital. The second component measures the natural health
deterioration over time with age-dependent depreciation rate 5;-’. The third component represents
a random and age dependent health shock. Grossman (1972a) and Stratmann (1999) estimate
positive effects of medical services on measures of health outcomes. However, we are not aware of
any precise estimates for parameters ¢; and ¢ in expression (17). A recent empirical contribution
by Galama et al. (2012) finds weak evidence for decreasing returns to scale which would imply
that £ < 0. In our paper we let ¢; be age-dependent and let { and ¢; endogenously adjust to

match aggregate health expenditures and the medical expenditure profile over age.

131t is understood that in a general equilibrium model every parameter affects the equilibrium value of all
endogenous variables to some extent. Here we associate parameters with those equilibrium variables that are the
most directly affected (quantitatively).
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Health capital space. MEPS contains two possible sources of information on health status
that could serve as a measure of health capital: self-reported health status and the health index
Short-Form 12 Version 2 (SF — 12v2).'* Since the SF — 1202 index is more objective and
comparable over the lifecycle, we use this index as measure for health capital in our model. In
order to construct a health capital space we assume a maximum health capital level A" = 3.5.
All other health shock and health production parameters are then re-scaled using this value. We
allow for 15 states on the health grid. The lower bound of the health grid A" is treated as an
internal parameter that is chosen in conjunction with the health production parameters ¢; and &.

Health depreciation rate. We next approximate the natural rate of health depreciation 5;‘
per age group. We calculate the average health capital h; per age group of individuals with group
insurance and zero health spending in any given year. We then postulate that such individuals did
not incur a negative health shock in this period as they could easily afford to buy medical services

m to replenish their health due to their insurance status. This means that for those individuals the

h —
J

law of motion of health capital then reduces to ﬁj = (1 — 5;‘) ﬁj_l, from which we can recover

smoothing and shock component in expression (17) disappear as € 0 and m; = 0. The average

the age dependent natural rate of health depreciation 5;‘. The depreciation rates are increasing
in age and fall between 0.6 and 2.13 percent per period. Note that these values are rather small
because they do not contain the negative health shocks that are modeled separately.

Heath shock. For each age cohort j we separate individuals into four risk groups: group
1, whose health capital levels fall into the 25! percentile of age j individuals, group 2 whose
health capital levels fall between the 25" and the 50" percentile, group 3 falls between the 50
and the 75" percentile, and group 4 whose health capital is in the top quartile. We assume
that group 4 experiences no health shock, so that this group’s average health capital defines the
maximum health capital B;’fgm (where subscript d indicates that this variable is calculated from
MEPS data). Group 3 experiences a “small” health shock, group 2 experiences a “moderate”
health shock, and group 1 suffers from a “large” health shock. The averages of health capital
per age group are denoted {ﬁ;‘fj" > Bjd > B?,d > B;7d}. We next express the shock magnitudes
as percentage deviations from the maximum health state in the data, so that the shock vector

h3 pmax 2 pmax 1l 7, max
i % — ) Miaid” hiamhid hja—hia
1s: 6j - 9 ]_Lmax 9 fLmax 9 Bmax
Jrd J,d Jd

health capital level in the model h»a* to calculate the shock levels in the model. The transition

. This vector is then multiplied with the maximum

probability matrix of health shocks II” is calculated by counting how many individuals move across
risk groups between two consecutive years in MEPS data. We smooth the transition probabilities

and adjust for period length.

"The SF — 1202 includes twelve health measures of physical and mental health. There are two versions of
this index available, one for physical health and the other for mental health. Both measures use the same health
measures to construct the index but the physical health index puts more weight on variables measuring physical
health components (compare Ware, Kosinski and Keller (1996) for further details about this health index). For
this study we use the physical health index.

22



4.4 Technologies and firms

We impose a standard Cobb-Douglas production technology that uses physical capital and labor
as inputs to produce a final consumption good according to F (K, L) = AK®L'~®. The medical
sector uses Fy, (K, L) = Ap K& LE-2m_ We set the capital share of production a to 0.33 and
the annual capital depreciation rate at § = 0.1, which are both standard values in the calibration
literature (e.g., Kydland and Prescott (1982)). The capital share in production in the health care

sector is set lower at oy, = 0.26 (based on Donahoe (2000) and our own calculations).

4.5 Government

Pensions. In the model, social security transfers are defined as a function of average labor
income per skill type wL () where L (1) denotes the average effective human capital of type 9.
Let t55 () = ¥ x wL (V) be type specific pension payments where ¥ is a scaling factor that
determines the size of the pension payment. Total pension payments amount to 4.1 percent of
GDP. This is close to the number reported in the budget tables of the Office of Management and
Budget (OMB) for 2008 which is close to 5 percent.

Taxes. We use the formula from Gouveia and Strauss (1994) to calculate the progressive

income tax as
[ - - -1
7(9) = ao [y — (77" +a) /al} ;

where ¢ is taxable income. The parameter estimates for this tax polynomial are ag = 0.258,
a; = 0.768 and as = 0.031. The social security system is self-financed via a payroll tax of
75 = 9.4 percent which is similar to the 10.6 percent used in Jeske and Kitao (2009). The
payroll tax is collected on labor income up to a maximum of $97.500. The consumption tax rate
is set to 5.0 percent (Mendoza, Razin and Tesar (1994) report 5.67 percent). The model results in
total tax revenue of 21.8 percent of GDP and residual (unproductive) government consumption

of 12 percent.

4.6 US health insurance system

Medicare. We use data from CMS (Keehan et al. (2011)) and calculate that the share of total
Medicaid spending that is spent on individuals older than 65 is about 36 percent. Adding this
amount to the total size of Medicare results in a combined total of 4.16 percent of GDP of public
health insurance reimbursements for the old. Since MEPS only accounts for about 65-70 percent
of health care spending in the national accounts (see Sing et al. (2006) and Bernard et al. (2012))
we target a size of 3.0 percent of GDP. Given a coinsurance rate of ¥ = 0.20, the size of the
combined Medicare/Medicaid program in the model is 3.1 percent of GDP. We fix the premium

for Medicare at 2.11 percent of per-capita GDP as in Jeske and Kitao (2009). The Medicare tax

7.Mcaure t.15

is set to 2.9 percen

'5Medicare payroll taxes are 2 x 1.45 percent on all earnings split in employer and employee contributions (see
SSA (2007)).
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Medicaid. According to Kaiser (2013), 16 states have Medicaid eligibility thresholds below 50
percent of the FPL, 17 states have eligibility levels between 50 and 99 percent, and 18 states have
eligibility levels that exceed 100 percent of the FPL. In addition, state regulations vary greatly
with respect to the asset test of Medicaid. According to MEPS data, 9.2 percent of working age
individuals have some form of public health insurance. In the model we therefore calibrate the
Medicaid eligibility level to 70 percent of the FPL (F P Lyaiq = 0.7xFPL) and calibrate the asset
test level, aprqid, 50 that 9.2 percent of the working age population become eligible for Medicaid.
For the reasons explained above, using the FPL directly would grossly overstate the Medicaid
population. The size of Medicaid for workers is about 1.46 percent of GDP according to national
accounts data but Medicaid spending in MEPS only accounts for about 0.95 to 1.02 percent of
GDP (see Sing et al. (2006), Keehan et al. (2011) and Bernard et al. (2012)). The Medicaid
coinsurance rate is based on MEPS estimates and depends on age so that va”‘id € [0.11,0.21].
The resulting size of Medicaid for workers is 0.5 percent of GDP in the model.

Group insurance offer. We estimate a Markov process that governs the group insurance
offer probability from MEPS which contains information about whether agents have received a
group health insurance offer from their employer i.e. offer shock eI = {0, 1} where 0 indicates no
offer and 1 indicates a group insurance offer. Since the probability of a GHI offer Pr (GJGEIKJGHI, 19)
is highly correlated with income, we construct the group offer transition matrix H]C-LI;H by skill type
9. That is, for each skill type we count the fraction of individuals with a GHI offer in year j that
is still offered group insurance in j 4+ 1. We smooth the transition probabilities and adjust for the
five-year period length.

Coinsurance rates and insurance premiums. Age and health dependent markup profits

wﬁ-ﬁl in expression (10) are calibrated to match the THI take-up rate over the lifecycle. The GHI

markup profit w&H!

in expression (11) is calibrated to match the insurance take-up rate of GHI.'¢
We define the coinsurance rate as the fraction of out-of-pocket health expenditures over total
health expenditures, so that our coinsurance rates include deductibles and copayments. We again
use MEPS data to estimate the age dependent coinsurance rates of both types of insurances to be
’y}HI € [0.22,0.52] and 'nyI € [0.33,0.5] , respectively. The insurance premiums are endogenously
adjusted to solve the insurance companies’ problems.

Price of medical services. The base price of medical services p,, is endogenous. Shatto
and Clemens (2011) report that the reimbursement rates of Medicare and Medicaid are close to
70 percent of the price that private health insurances pay for comparable health care services.
Furthermore, various studies have found that uninsured individuals pay over 50 percent higher
prices for prescription drugs as well as hospital services than insured individuals (see Anderson
(2007), Gruber and Rodriguez (2007)). According to Brown (2006) the national average is a
markup of around 60 percent. Large group insurance companies are able to operate at lower

average fixed costs and will also be able to negotiate lower prices for health care services (see

16In the GHI we allow for lower premiums for the two youngest age cohorts in order to match the relatively high
take-up rates despite the very low probability of adverse health shocks. Without this “minor” discrimination, GHI
premiums would be too high and not enough young low risk types would buy GHI to match the take-up rate in
the data.
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Phelps (2003)). Based on this information and assuming that Medicaid reimbursement levels
result in zero provider profits, we pick the following markup factors for p,, :

[protns pIHL pGlll pMaid | pMeare] —11.70,1.20, 1.10, 1.0, 0.90] X pyp,.

m

When the experiments are run, this relative pricing structure is held constant so that Medicaid
and Medicare remain the programs that pay the lowest prices for medical services. Thus, providers

are assumed to not being able to renegotiate reimbursement rates.'”

4.7 Properties of the benchmark model

Our calibrated benchmark model is capable of producing lifecycle trends of average medical ex-
penditures that match US data. Table 10 report simulated data moments and target moments
from US data. Figures 3 and 4 and Tables 10 and 11 summarize the model output.

Medical expenditures. Panel 1 of Figure 3 compares health expenditure profiles as fraction
of income with MEPS data for heads of households. Health expenditures are low early in life be-
cause of high initial health capital and low health risk, and then rise as health capital depreciates.
Health expenditures rise exponentially later in life because agents are exposed to more health risk.
Our model also produces a hump-shaped lifecycle profile of insurance take-up rate in the US.

Our model generates total medical expenditures of 17.7 percent of gross household income
which matches data provided by CMS. In addition, we show that our model reproduces the
distribution of health expenditures as seen in panel 2 of Figure 3.

Insurance take-up ratio. Panels 3, 4 and 5 of Figure 3 plot the lifecycle profiles of insurance
take-up rates for individual health insurance (IHI), group health insurance (GHI) and Medicaid
of the working age population. Young agents with low income are less likely to buy private health
insurance compared to middle aged agents at the peak of their lifecycle earnings ability. Young
individuals face lower health risk and are less willing to buy private health insurance than older
individuals who are both, more willing (i.e., they face higher expected negative health shocks) and
more able to buy health insurance. The model slightly overstates the take-up rate of Medicaid
among young agents.

Assets and labor supply. The model reproduces the hump-shaped patterns of lifecycle
asset holdings from the PSID. However, the model does not match the peak age of asset holdings
in the data. Our model slightly overstates the hours worked of the youngest cohort.

Aggregates. The model can reproduce important macroeconomic aggregates in the US data.
Table 10 compares model moments with moments from MEPS, CMS, and National Income data.

Income distribution. Table 11 provides a summary of the income distribution compared
to data from MEPS. Our benchmark model matches the lower and upper tails of the income
distribution with around 14.8 percent of individuals having income below the FPL vs. 16.4
percent in MEPS.

'"We are not able to formally model the bargaining process between medical care providers and the insurance
companies due to computational constraints.
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5 Quantitative analysis

In this section we study the potential welfare benefits of introducing health insurance into an
economy without any health insurance. We start by constructing a hypothetical economy in which
all health insurance arrangements are removed, but all structural parameters and fiscal policies
remained unchanged. This economy has economic fundamentals similar to the US economy but
lacks all forms of health insurance. Individuals rely on their income and savings to cover their
health care expenditures. In this economy, the lack of insurance options against health risk
interacts with the limited set of market instruments against income risk (i.e., household savings
with borrowing constraints) and amplifies consumption variance. This generates a welfare cost
that is the sum of (i) welfare losses due to missing insurance options against income risk, (i)
losses due to incomplete health insurance against health risk and (ii7) the dynamic interaction
between the two.'®

We next introduce different health insurance systems and quantify the welfare implications
compared to the no-insurance economy. As pointed out in the discussion of the small model
in Section 2, the rich interactions between welfare gains from risk sharing and welfare losses
due to distorted incentives when implementing health insurance can now be factored in. These
experiments allow us to isolate quantitatively the welfare benefits of the different designs of a

health insurance system relative to the economy without any health insurance.

5.1 System 1: Mixed private and public insurance

We start with calculating the potential welfare benefit of introducing the US system with private
and public health insurance into the economy without any insurance. We report steady state
results in Table 1. To facilitate model comparison we normalize the values of the No-Health-
Insurance case to either 0 or 100 depending on the context. As seen in column [0], no one has
access to health insurance in the baseline system. The value differences between columns [0]
and [1] are interpreted as the long-run effects of introducing a US health insurance system into
an incomplete markets economy where individuals are exposed to health and income risks, but

subjected to a no borrowing constraint and no health insurance contracts.

!8There are several other social insurance programs including social security, minimum consumption and pro-
gressive income taxes in the model. However, since we focus on the social insurance role of the health insurance
system, we keep these other programs identical to the US model in all simulations.
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| [0] No Health Insurance | [1] US System |

Premium discrimination N/A YES

Medical price markup 70 0—-"70
Insured workers (%) 0 77.23
o THI (%) - 6.44

o GHI (%) - 61.01
o Medicaid (%) ; 9.78

Insured retirees (%) 0 100

eMedicare(% - 100

Med. consumption (M) 100 107.86
Med. spending (p, M) 100 88.55
Capital (Ko) 100 81.14
Output (Y.) 100 85.90
Welfare (CEV - %): 0 +5.21
e Income Group 1-Low (%) 0 +6.54
e Income Group 2 (%) 0 +6.79
e Income Group 3 (%) 0 +2.63
e Income Group 4-High (%) 0 +1.51

Table 1: The Mixed Private and Public Health Insurance (US) System.

This table presents steady state results comparing the counterfactual baseline economy without any health insurance (Column
[0] No Health-Insurance) to an economy with the US health insurance system that provides private insurance for the
working age population and public insurance for the old or poor (Column [1] US System). The No-Health-Insurance
economy is identical to the US-System economy but lacks all health insurance contracts. Data in rows marked with the
% symbol are either fractions in percent or tax rates in percent. The other rows are indexed to normalized values of the
No-Health-Insurance case. Each column presents steady-state results. CEV values are reported as percentage changes of

lifetime consumption of a newborn individual.

There are several important features of the US health insurance system which potentially result
in welfare gains. First, individuals have access to a number of health risk sharing mechanisms:
individual health insurance (IHI) for workers, group health insurance (GHI) for workers through
employers, Medicare for retirees and Medicaid for the poor. Second, the insured now have access
to cheaper medical services at relatively lower medical prices, compared to the no insurance case
as health insurance providers can negotiate lower prices for otherwise identical medical services.
This “negotiation” is implemented through exogenous price markups as described in Section 3.8.1.
Third, some individuals benefit from tax deductions when buying group health insurance (GHI)
policies. Final, low income individuals benefit from redistribution via Medicaid.

As seen in column [1] of Table 1, under the US system retirees and low income workers
have access to Medicare and Medicaid, respectively while working individuals have access to
private health insurance policies (IHI and GHI). Overall, the insurance take-up rate of the working
population is about 77 percent.

Aggregates. The introduction of the US health insurance system introduces distortions
that result in reduced aggregate output. In the No-Health-Insurance economy, individuals rely
on their own investments to self-insure against health and income risk by either accumulating a

risk-free asset, investing in health capital or working longer hours to generate higher per period
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incomes. Conversely, with the introduction of the US health insurance system physical capital
accumulation drops by about 12 percent from the no-insurance steady state. Individuals move
from self-insurance via savings into buying insurance contracts or signing up for Medicaid if they
fulfill the eligibility criteria. As a result, the production of non-medical goods Y, is 14 percent
lower in the US system.

On the other hand, the medical sector production in the US system is 7.8 percent larger due
to increases in demand triggered by the wide availability of insurance. This is a typical ex-post
moral hazard effect. Insurance decreases the effective price of health care via two channels: (i)
health insurance picks up a share of the medical bill so that households only pay a fraction of the
price and (i7) health insurance reduces the sticker price charged for medical services by providers
because insurance companies have market power and can negotiate lower prices on behalf of their
clients.'® Overall medical spending under the US system is lower despite the increase in medical
consumption. This is mainly driven by the decrease in the price of medical services.

Welfare. In a conventional Bewley model, idiosyncratic income shocks and missing consump-
tion insurance impose a welfare cost caused by consumption uncertainty. In our extended Bewley
model, the presence of health shocks introduces an additional source of spending and income risk
which affects consumption, savings and the stock of health capital. Risk-averse individuals bene-
fit, at least in expectation, from health insurance contracts against health risk as these contracts
facilitate consumption smoothing. In order to quantify the welfare gains from having access to
health insurance we construct a welfare measure expressed in terms of permanent consumption
compensation. More specifically, we compute the consumption equivalent variation (CEV) which
is the percentage increase in lifetime consumption required to make a newborn individual indif-
ferent between the No-Health-Insurance system and the US system. A negative CEV denotes a
welfare loss from introducing the US system into the No-Health-Insurance economy and a positive
CEV denotes a welfare gain of the US system over the No-Health-Insurance case.

There are two opposing welfare effects in our setting. Insurance causes incentive distortions
(i.e., ex-post moral hazard) and decreases aggregate income which lowers overall welfare due to
a negative income effect. On other hand, some of the insurance policies redistribute income
and reduce the exposure to health risk which results in welfare gains. When these two effects are
evaluated together, the positive welfare effects outweigh the negative welfare effects. These welfare
gains are observed across all four permanent income (or skill) groups. The low income groups
benefit relatively more from health insurance. The lowest income group experiences welfare gains
of about 6.5 percent of CEV compared to the more moderate welfare gains of 1.5 percent for the
highest income group. This outcome is mainly due to the redistribution effect of Medicare and,
more importantly, Medicaid which targets low income groups. Overall, the US system generates
a significant welfare gain of about 5.2 percent. Other things equal, all income groups prefer to
live in an economy with the US health insurance system over an economy without any health

surance.

19 As discussed in Section 4.6 we do not model this bargaining process explicitly. We exogenously impose markups
over a base price for medical services so that the price difference between an uninsured and insured individual
matches price differences observed in the data.
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The welfare benefit of the US health insurance system reported in our paper is larger than
the welfare benefits of other social insurance programs reported in previous studies, including
unemployment insurance program in Hansen and Imrohoroglu (1992), social security program in
Imrohoroglu, Imrohoroglu and Joines (1995) and Fuster, Imrohoroglu and Imrohoroglu (2007),

and means-tested social insurance programs in Braun, Kopecky and Koreshkova (2017).

5.2 System 2: Private health insurance

In this section, we explore the welfare and output effects of a private health insurance system in
a dynamic general equilibrium economy with a health rigk structure similar to the US economy.
We consider two private health insurance (PHI) systems which differ in terms of government

regulations of insurance premiums and medical prices as described in Section 3.8.2.

| [0] No Health Ins. | [2] Private Health Insurance (PHI) |

[2A] Unregulated | [2B] Regulated
Premium discrimination N/A YES NO
Premium tax deduct. N/A NO YES
Medical price markup 70% 70% if not insured | 70% if not insured

20% if insured 20% if insured

Insured Workers (%) 0 0 69.85
e IHI (%) - 0 -
o GHI (%) - i 69.85
Insured Retirees (%) 0 0 29.83
e IHI (%) - - -
o GHI (%) - 0 29.83
Med. consumption (M) 100 100 103.64
Med. spending (pp,, M) 100 100 87.45
Capital (K,) 100 100 98.76
Output (Y.) 100 100 100.44
Welfare (CEV-%) 0 0 +5.01
e Income Group 1 (%) 0 0 +1.92
e Income Group 2 (%) 0 0 +4.60
e Income Group 3 (%) 0 0 +7.23
e Income Group 4 (%) 0 0 +10.34

Table 2: Private Health Insurance (PHI) System.

This table presents steady state results after introducing a market-based system of private health insurance into an economy
with no health insurance. We model two different versions. First, an unregulated economy with individual health insurance
(THI) and premium price discrimination and second, a regulated economy with group health insurance (GHI). Government
regulation prevents price discrimination in GHI markets and allows premium payments to be tax deductible. Data in rows
marked with the % symbol are either fractions in percent or tax rates in percent. The other rows are indexed to normalized
values of the No-Health-Insurance case. Each column presents steady-state results. CEV values are reported as percentage

changes in terms of lifetime consumption of a newborn individual.

Unregulated PHI System. We start with an unregulated PII system without government
regulations on insurance premiums and medical prices. Insurance companies are allowed to price

discriminate and charge premiums according to health status and age, while healthcare providers
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can charge markups on medical prices. Under this unregulated PHI system, health insurance
policies are similar to individual health insurance (THI) policies in the US model. We report the
results in column [2A] of Table 2.

The unregulated PHI system is not viable in an economy with a health risk structure sim-
ilar to the US economy. The main reason is an adverse selection spiral caused by information
asymmetry in our setting. Individuals know their past and current health shocks when they form
expectations about future health shocks which determines their willingness to pay for health in-
surance. Insurance companies, on the other hand, have only limited information about the history
of individual-specific health shocks as they only observe the current age and the current health
state before the new health shocks arrive. Insurance companies are therefore unable to work out
the actuarially fair price for each age and health risk type, which consequently causes adverse
selection in the PHI markets. The viability of PHI markets depends crucially on who chooses to
enroll. If relatively healthy individuals exit from the pool, premiums of PHI contracts rise and
more individuals will exit. In our model this adverse selection problem eliminates unregulated PHI
markets completely so that all individuals are left without insurance. The equilibrium outcome
with the unregulated PHI system is identical to the no-insurance benchmark. This complete mar-
ket failure in our model is consistent with classic results documented in the insurance literature
on adverse selection spirals (e.g., Pauly (1974) and Rothschild and Stiglitz (1976)).2°

Regulated PHI System. In our calibrated model, incomplete markets and adverse selection
restrict the type of private insurance contracts available in equilibrium, which creates a potential
role for government regulation. We therefore consider a regulated PHI system next. In this system
the government does not allow insurance companies to price discriminate by health status and
age. In addition, the government allows for tax deductibility of premium payments from income
taxes. Under this regulated PHI system, health insurance policies are similar to group health
insurance (GHI) policies in the US system. We report the results of this system in column [2B]
of Table 2.

We find that these regulations make the PHI market viable. As reported in column [2B] of
Table 2, with 20 percent negotiated price markup (down from 70 percent in the no-insurance
case) the PHI take-up rates are 70 percent and 30 percent for the working population and the
retired population, respectively.?!’ When insurance companies are able to secure lower prices
from providers, they can offer more affordable insurance premium to individuals. However, the
market-based system, even with government subsidies and premium regulation, fail to eliminate
the adverse selection issue and therefore does not result in universal insurance take-up. Many
young and healthy individuals who face very low health risk opt out of PHI as do low income
groups who cannot afford the premiums.

Regulated PHI markets provide a mechanism to pool health risk so that households are able
to defray some of the healthcare cost. This improves the allocation of health risk and redistributes

income toward unhealthy individuals. Although the government does not provide health insurance

*OWelfare costs of adverse selection have been estimated in Cutler and Reber (1998).
211f PHI companies are not able to negotiate lower price markups with providers, then regulated PHI markets
are also not viable and an adverse selection spiral sets in that completely unravels the insurance market.
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directly, it implicitly provides social health insurance via subsidizing PHI premiums and regulating
premium pricing policies. On other hand, similar to our earlier experiments individuals with health
insurance reduce their savings. The stock of aggregate capital decreases slightly by about 1.2
percent, while human capital increases due to increases in labor supply. There is a small increase
in non-medical goods production and an expansion of 3.6 percent in medical goods production.
Overall, even though this market-based approach to sharing health risk does not result in universal
coverage, welfare gains are realized for all income groups as reported in the lower part of Table 2
in column [2B]. High income individuals benefit the most as they are the most likely to buy PHI.
The tax deductibility introduces a regressive element that further benefits high income groups.
The PHI system with government regulation exhibits a lower degree of risk pooling and a lower
degree of redistribution of wealth compared to the US system. However, the efficiency losses in
terms of reduced capital accumulation and output are less pronounced under the regulated PHI
system because of the lower tax burden. Overall, the PHI system with government regulation

produces slightly smaller overall welfare gains than the US system.

5.3 System 3: Universal public health insurance

In this section we analyze the effects of a universal public health insurance (UPHI) system as
described in Section 3.8.3. Specifically, the government sets the coinsurance rate fyUPHI = 0.2,
which is identical to the calibrated value of Medicare in the benchmark model. The government
uses either a consumption tax or a payroll tax to finance the UPHI system. The government also
eliminates all markups on medical prices in the UPHI system.??

The results for the UPHI system financed by a consumption tax and a payroll tax are reported

in columns [3A] and [3B] of Table 3, respectively.

22We later provide results for 20 percent and 70 percent medical price markups in the UPHI system to demon-
strate the role of medical price markups.
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| [0] No Health Ins. |

[3] UPHI (VFHI = 0.2)

[BA] with 7« | [3B] with 7

Medical price markup 70% 0% 0%

Insured via UPHI (%) 0 100 100

Cons. tax - 7¢ (%) 4.31 19.87 2.86

Payroll tax - 7y (%) 0 0 14.11
Med. consumption (M) 100 117.44 111.43
Med. spending (pp, M) 100 90.34 85.38
Capital (K.) 100 90.07 81.85
Output (Y,) 100 92.70 87.53
Welfare (CEV - %): 0 T4.86 +5.38
e Income Group 1-Low (%) 0 +18.62 +26.27
e Income Group 2 (%) 0 +7.30 +6.83
e Income Group 3 (%) 0 —6.96 —10.46
e Income Group 4-High (%) 0 —12.53 —15.62

Table 3: Universal Public Health Insurance (UPHI) System.

This table presents the effects of introducing a UPHI system into an economy with no health insurance. The UPHI system is
either financed by a consumption tax in column [2A] or a payroll tax on wage income in column [2B]. The coinsurance rate is
set at 20%, i.e., yYYPHI = 0.2. Data in rows marked with the % symbol are either fractions in percent or tax rates in percent.
The other rows are indexed to normalized values of the No-Health-Insurance case. Each column presents steady-state results.

CEV values are reported as percentage changes in terms of lifetime consumption of a newborn individual.

Aggregates. The introduction of the UPIHI system reduces individuals’ dependence on self-
insurance. This subsequently leads to significant decreases in capital accumulation and output.
In particular, aggregate capital stock decreases by 8.3 percent and subsequently output decreases
by 10 percent (column [3A]) compared to the No-Health-Insurance case. The decline in capital
accumulation is due to disincentives to save as well as negative income effects triggered by higher
taxes that are needed to finance the UPHI system. Notice that the introduction of UPHI com-
pletely eliminates the adverse selection problem as participation in the health insurance program
through the tax system is compulsory. In order to finance the large increase in demand for medical
services after the UPHI is introduced, the government has to increase the consumption tax 7¢
from 4.3 percent to 19.87 percent. This increase represents a direct measure of the cost of full
health insurance coverage. If the UPHI system is financed by a payroll tax on wage income then
a 14.1 percent tax is required.

Welfare. The introduction of the UPHI system pools the health risk of all individuals which
is welfare improving (insurance effect). On the other hand, the UPHI system creates incentive
problems as it introduces large tax distortions, discourages individuals to save for self-insurance
and encourages increased health spending (ex-post moral hazard) which potentially leads to effi-
ciency and welfare losses (incentive effect). The welfare benefit of a UPHI system depends on the
trade-off between the insurance and the incentive effect.

In our heterogeneous agent framework, the welfare effects vary across income groups. First,
low income groups experience welfare gains while higher income groups experience welfare losses

compared to the No-Health-Insurance economy. The welfare gain is 18.6 percent for the lowest
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income group as opposed to a welfare loss of 12.5 percent for highest income group. These
opposing welfare effects are driven by redistribution. The UPHI system redistributes income
towards “unlucky” individuals that experience large health shocks. Owverall, the UPHI system
creates a welfare gain of about 4.9 percent in terms of CEV. This finding indicates that the
welfare gains associated with the insurance effect dominate the welfare losses associated with the
adverse incentive effects.

The insurance and incentive effects are also influenced by the specific tax policy that the
government implements to finance the UPHI system. The payroll tax on wage income is slightly
progressive as low income individuals are tax exempt. As reported in column [2B] of Table 3,
the positive welfare effects experienced by low income groups are much larger while high income
groups suffer from larger welfare losses. The overall welfare effect is larger with a payroll tax as
a financing instrument.

The role of coinsurance rates. In our endogenous health model, the coinsurance rate
affects household’s incentives to consume medical services. By changing the coinsurance rate the
government is able to vary the degree of ex-post moral hazard in medical consumption. Smaller
coinsurance rates shift the financial burden of medical care toward the government. On the other
hand, larger coinsurance rates require households to contribute more out-of-pocket to finance their
health expenditures.

In the baseline analysis, the coinsurance rate is set at 20 percent which is the level of Medicare
in the US benchmark calibration. We next allow the government to set different coinsurance rates
according to ’)/UPHI =[0.1,0.2,0.3,0.4,0.5]. We report the results in Table 4.

[3A] UPHI with 7¢

Coinsurance rate -yUPHI 0.1 ‘ 0.2 ‘ 0.3 ‘ 0.4 ‘ 0.5
Medical price markup 0% 0% 0% 0% 0%
Cons. tax - ¢ (%) 31.0 19.9 16.6 14.1 12.1
Output (Y;) 88.3 92.7 93.7 95.2 96.4
Welfare (CEV): -70 | +48 | +73 | +7.1 | 464

e Income Group 1 (%) +10.1 | +18.6 | +20.2 | +18.0 | +15.3
e Income Group 2 (%) —5.1 | +730 | +94 | +9.3 | +8.2
e Income Group 3 (%) —20.6 | —6.96 | —4.0 | =24 | —1.6
e Income Group 4 (%) —26.5 | =125 | —6.7 | —6.7 | —5.2

Table 4: UPHI System with Different Coinsurance Rates.

This table presents steady state results comparing the No-Health-Insurance regime to the equilibrium outcomes with UPHI
financed by a consumption tax. We allow for different levels of generosity of UPHI as presented by variations in the
coinsurance rate. Data in rows marked with the % symbol are either fractions in percent or tax rates in percent. The other
rows are indexed to normalized values of the No-Health-Insurance case. Each column presents steady-state results solved
with a different co-insurance rate for UPHI. CEV values are reported as percentage changes in terms of lifetime consumption

of a newborn individual.

The coinsurance rate affects the incentive to purchase medical services and thus the degree of

ex-post moral hazard, which subsequently affects the trade-off between the insurance and incentive
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effects.?? In our model, the improved risk sharing and redistributional measures embedded in the
UPHI system result in welfare gains for low income individuals in poor health and welfare losses
for high income individuals in good health. The final welfare outcome depends on the strength of
the negative effects triggered by ex-post moral hazard and fiscal distortions. In our framework,
the size of these negative effects depends on the magnitude of the coinsurance rate. When the
coinsurance rate is small, individuals pay for a smaller share of total health expenditure out-of-
pocket. This implies a larger ex-post moral hazard effect which leads to larger tax distortions as
the government has to impose higher taxes to finance a higher level of medical spending.

More specifically, our results indicate that with a small coinsurance rate of WUPHI = 0.1 the
welfare losses caused by the ex-post moral hazard effect (i.e., it increases medical consumption by
49 percent) and fiscal distortions of high consumption tax rate (i.e., 7 = 31 percent) dominate
the welfare gains from improved risk sharing and income redistribution. The net welfare effect
is negative and households are worse off with this UPII system than if there was no insurance
available at all. A higher coinsurance rate reduces the degree of ex-post moral hazard in the
economy. With coinsurance rates of ’yUPHI > 0.2 positive welfare outcomes are realized as moral
hazard is reduced. As the coinsurance rate increases further the welfare gains increase. However,
for coinsurance rates larger than 30 percent, the exposure to health spending risk increases and
the welfare gains start to decrease. Overall, we observe a hump-shaped pattern of welfare gains
over the range of coinsurance rates reported in Table 4.

In order to characterize the optimal coinsurance rate where the UPHI system optimally bal-
ances the insurance against the incentive effect we follow the approach in Conesa, Kitao and
Krueger (2009) and assume that the government maximizes the ex-ante lifetime utility of an
individual born into the stationary equilibrium implied by the chosen coinsurance rate. More

formally, the government’s objective is defined as

UPHI _ argmax /V (:Bj:1; ’YUPHI) dA (xzj=1) .

’Ymax
'yUPHIE[O,l]

Notice that the government maximizes the social welfare function over the coinsurance rate only
and keeps all other fiscal policy variables unchanged. We assume that the government uses a
consumption tax to finance the UPHI system in this optimization.

Our results indicate that a coinsurance rate of 38.5 percent efficiently trades off the positive
insurance/redistribution effects with the negative incentive effects and results in the largest welfare
of a newborn individual. When the government uses a payroll tax the optimal coinsurance rate
is slightly larger at 39 percent. This estimate is in the range of studies by Blomqvist (1997) who
finds optimal coinsurance rates in the mid 20 percent range and studies by Feldstein and Friedman
(1977) and Manning and Marquis (1996) who find higher values up to 60 percent.

Our positive welfare outcome of a UPHI system is somewhat different from the classic re-

sult in the literature analyzing the welfare implications of social security in stochastic dynamic

23The effects of linear coinsurance under ex post moral hazard, where insurers pay the same fraction of the health
care cost whatever the individuals expenses, have been analyzed in partial equilibrium models (e.g., see Zeckhauser
(1970) and Feldstein (1973)).
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general equilibrium frameworks (e.g., Auerbach and Kotlikoff (1987), Imrohoroglu, Imrohoroglu
and Joines (1995), Conesa and Krueger (1999) and Fuster, Imrohoroglu and Tmrohoroglu (2007)).
This literature shows that the general equilibrium channels amplify the fiscal distortions caused
by social security so that the introduction of a pay-as-you-go social security program generates
welfare losses. Hansen and Imrohoroglu (1992) report welfare gains after the introduction of
an unemployment insurance program. More recently, Braun, Kopecky and Koreshkova (2017)
demonstrate the welfare benefits of means-tested social insurance programs. Our results indicates
a similar welfare outcome for a public health insurance program such as the UPHI system.

The role of medical price markups. In the benchmark calibration we stipulated that price
markups for medical services are the result of price negotiations between health care providers and
insurance companies or individuals without insurance. We did not explicitly model the formation
of these markups but rather imposed exogenous markups that were calibrated to data. In this
section we postulate that the government can regulate these markups directly in order to influence
the price of medical services and the level of medical consumption.

Since medical prices affect household’s incentives to consume medical services, the government
is able to affect the degree of ex-post moral hazard in medical consumption via this channel.
By changing the medical price markups, the government also changes the lump-sum dispersion
of provider profits which by itself provides a redistribution channel from households with high
medical expenses to households with good health and low medical spending.

In the baseline analysis, the medical price markup is set to zero which is the markup for
Medicare in the US calibration. In order to better understand the effects of this channel we
analyze two alternative cases where the government allows higher markups on medical prices of
20 percent and 70 percent, respectively. Note that in these experiments all other fiscal policy
variables are identical to the ones in the baseline analysis, including the 20 percent coinsurance

rate. We report the results of this exercise in Table 5.
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| [0] No HI | [3] UPHI (VI = 0.2)
[BA] with 7¢ [3B] with 7

Med. price markup 70% 70% 20% 0% 70% 20% 0%
Insured via UPHI (%) 0 100 100 100 100 100 100
Cons. tax - 7¢ (%) 4.31 31.26 22.54 19.87 1.50 2.57 2.86
Payroll tax - (%) 0 0 0 0 26.29 17.13 14.11
Med. consumption (M) 100 106.51 | 112.23 | 117.44 102.59 | 107.85 | 111.43
Med. spending (p,, M) 100 139.58 | 103.71 90.34 133.63 | 99.18 85.38
Capital (K.) 100 85.33 89.52 90.07 70.01 79.13 87.53
Output (Y¢) 100 86.09 91.24 92.70 74.90 84.49 81.85
Welfare (CEV-%): 0 +11.73 | +7.70 | +4.86 +6.93 | +7.02 | +5.38
e Income Group 1 (%) 0 +49.04 | +27.79 | +18.62 +59.61 | +36.62 | +26.27
e Income Group 2 (%) 0 +12.48 | +9.89 | +7.30 +4.49 | +7.76 | +6.83
e Income Group 3 (%) 0 —14.22 | —8.10 —6.96 —26.41 | —13.95 | —10.46
e Income Group 4 (%) 0 —25.21 | —15.44 | —12.53 —36.87 | —20.98 | —15.62

Table 5: Universal Public Health Insurance (UPHI).

This table presents steady state results comparing the economy without health insurance to economies with UPHI and
different price markups for medical services. The UPHI program is either financed by a consumption tax in column [3A]
or payroll tax in column [3B]. The coinsurance rate is set at 20%, i.e., yYYPH! = 0.2. Data in rows marked with the %
symbol are either fractions in percent or tax rates in percent. The other rows are indexed to normalized values of the
No-Health-Insurance case. CEV values are reported as percentage changes in terms of lifetime consumption of a newborn

individual.

Our results show that higher markup rates reduce the quantity of medical services (M) con-
sumed, but increase the total medical spending costs (p,, x M) due to higher medical prices.
This implies that the government can mitigate the adverse effects of moral hazard by raising the
markup. However, this policy amplifies the adverse effects of tax distortions caused by the need
for higher taxes to finance relatively larger UPHI systems. Overall, we still observe positive wel-
fare outcomes for all cases. Interestingly, the welfare gains from introducing UPHI in an economy
without insurance are larger for cases with higher markup rates than the case with a zero markup.

It is important to note that the lump-sum redistribution of provider profits that are generated
by the price markups plays a crucial role in generating overall positive welfare effects. If profits
would be redistributed to a subset of households (say high income households only), then overall

welfare gains from higher markups are less likely.

5.4 Switching from the US system to the UPHI system

Our previous analysis shows that the UPHI system can outperform the US system in terms of
welfare if the coinsurance rate is appropriately chosen. In this section, we consider a structural
reform proposal that replaces the US system with a UPHI system. Technically, the proposal is
synonymous with the expansion of Medicare to all workers.?* We consider a number of different

coinsurance rates: 'yUPHI = [0.2, 0.3, 0.4, 0.5] and let the consumption tax adjust to finance

24 A policy reform that would allow younger workers to purchase Medicare coverage from the government has
been discussed in the US since the Clinton administration. Hansen, Hsu and Lee (2014) study the welfare effects
of Medicare buy-in for older workers aged 55-64.
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the UPHI system. We report the results in Table 6. The economy with the US system now serves

as benchmark with level variables normalized to 100 or 0.

[1]] US System [3A] UPHI with o

ZVPHL— 02 03 | 04 [ 05
Cons. tax - ¢ (%) 5.0 19.9 166 | 141 | 121
Med. consumption (M) 100 108.71 100.58 | 96.82 | 95.17
Med. spending (p,, M) 100 98.52 94.33 90.87 89.37
GDP 100 99.08 100.68 | 101.99 | 103.18
Welfare (CEV): 0.00 —-1.90 +1.58 | +1.80 | +1.33
e Income Group 1 (low) 0.00 +10.23 +12.72 | +10.92 | +8.83
e Income Group 2 0.00 —1.30 +2.25 | +2.33 | +1.60
e Income Group 3 0.00 —10.73 —6.60 | —4.89 | =3.97
e Income Group 4 0.00 —14.42 —-1044 | —797 | —6.43

Table 6: A Switch from the US-System to a UPHI System Financed by Consumption
Tax.

This table presents steady state results comparing the US health insurance system to the equilibrium outcomes with UPHI
financed by a consumption tax. We allow for different levels of generosity of UPHI as presented by variations in the coinsurance
rates. Data in rows marked with the % symbol are either fractions in percent or tax rates in percent. The other rows are
indexed to normalized values of the US-benchmark case. Each column presents steady-state results. CEV values are reported

as percentage changes in terms of lifetime consumption of a newborn individual.

UPHI _ (9 yesults in a 1 percent drop of GDP

The UPHI system with a coinsurance rate of ~y
compared to the steady state outcome under the US system. The same experiments with slightly
less generous UPHI, i.e. VUPHI > 0.3, lead to GDP growth. This implies that higher coinsurance
rates can mitigate the adverse effects from moral hazard and tax distortions. This risk pooling
and redistribution mechanism indeed lead to increases in capital accumulation and output.

The welfare outcomes are non-linear. There is overall welfare loss when switching from the
US system to the UPHI system with 'yUPHI = 0.2 . However, there are large welfare gains when
switching to the UPHI system with VUPHI > 0.3. The intuition is as follows. The UPHI system
pools risk more efficiently across the different groups and redistributes wealth more equitable. The
overall welfare gains are mainly driven by welfare gains of the low income groups who now can
access medical services at a lower price. High income groups are better off under the US system.
As can be seen in Figures (5) and (6) the variation of out-of-pocket health expenditures and health
capital is lowest over the entire lifecycle under the UPHI system (red line in the figures). Figure
(7) shows relative variation normalized with the mean value of health capital per age group over
the lifecycle. °

Payroll tax as financing tool. We next assume that the government uses a payroll tax to

finance the reform proposal. We report the results in Table 7.

25We assume that all markups on the price of medical care are removed when switching to the UPHI system.
Changing the price of medical services is another redistribution mechanism that affects the final welfare outcome.
After the reform, the working population can consume medical services at a lower price; meanwhile, the retiring
population has to pay a higher price. We compare the reforms with and without markups and find that the effects
from this channel does not change our main result.
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This payroll tax is more progressive as it redistributes funds from high income individuals
to low income and less healthy individuals. The positive welfare effects experienced by low in-
come groups are now much larger while high income groups suffer from larger welfare losses.

Surprisingly, the aggregate welfare effect is similar across the two financing regimes.

[1] US System [3B] UPHI with

ZUPHL — 02 03 | 04 | 05
Payroll tax - v (%) 0.00 14.1 11.2 9.1 7.2
Med. consumption (M) 100 103.58 97.86 95.75 94.86
Med. spending (p,, M) 100 93.37 91.50 89.65 88.90
GDP 100 93.82 96.33 98.61 | 100.58
Welfare (CEV): 0.00 —2.47 +0.78 | +0.93 | +0.51
e Income Group 1 (low) 0.00 +15.17 +15.97 | +12.94 | +10.03
e Income Group 2 0.00 —2.57 4+0.93 | +1.11 | 4+0.50
e Income Group 3 0.00 —14.51 —9.74 | —7.46 | —5.99
e Income Group 4 0.00 —17.67 —13.18 | —10.15 | —8.00

Table 7: A Switch from the US-System to a UPHI System Financed by Payroll Tax.

This table presents steady state results comparing the US health insurance system to the equilibrium outcomes with universal
public health insurance (UPHI) financed by a payroll tax on wage income greater than $200,000. We allow for different levels
of generosity of UPHI as presented by variations in the coinsurance rates. Data in rows marked with the % symbol are either
fractions in percent or tax rates in percent. The other rows are indexed to normalized values of the US-benchmark case.
Each column presents steady-state results. CEV values are reported as percentage changes in terms of lifetime consumption

of a newborn individual.

Taxing labor income to finance the UPHI system reduces labor supply and therefore GDP by
more than in the earlier case with consumption tax financing. However, the overall pattern of
the welfare effects are quite similar and vary significantly across income groups. Interestingly, the
optimal coinsurance rate is higher when using a payroll tax as financing source. The intuition
is that the higher coinsurance rate reduces the degree of moral hazard and mitigates the fiscal
burden and adverse effects on work incentives.

Hence, our findings indicate that switching from the UPHI system to he US system results
in overall welfare gains if the coinsurance rate is large enough at around 30 percent in order to
keep the negative effects of ex-post moral hazard in check. However, such radical reform faces
political impediments because of opposing welfare effects across different income groups. Low
income households prefer to switch to the UPHI system while high income households oppose the
change and prefer to keep the US system.

6 Conclusion

In this paper we investigate the welfare implications of different health insurance systems and
their effectiveness in insuring health risk over the lifecycle. We develop a generalized Bewley-
Grossman model that matches the lifecycle structure of earnings and health risks in US data. We
use the model to evaluate the potential welfare benefits of three different health insurance systems

that differ in the degree of government involvement. We specifically consider: (i) a mixed public
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and private insurance system similar to the pre-ACA US system, (i¢) a private health insurance
system with /without government regulation, and (7i7) a universal public health insurance system.

Our results indicate that the introduction of the US system into an economy with no health
insurance results in large welfare gains. This implies that the positive insurance/redistribution
effects strongly dominate the negative incentive effects caused by tax distortions and ex-post moral
hazard effects. However, the US system does not deliver the best welfare outcome. A UPHI system
with appropriately chosen coinsurance rates can outperform the US system in terms of overall
welfare gains. The coinsurance rate plays an important role in determining the welfare benefit
of the UPHI system. There is an optimal coinsurance rate that balances the trade-off between
positive insurance and negative incentive effects and maximizes welfare.

More importantly, we find that these three distinct approaches to providing health insurance
lead to opposing welfare outcomes for different income groups. Low income households benefit
more from the UPHI system whereas high income households benefit more from the US system
or the PHI system. There are significant welfare gains when switching from the US system to
the UPHI system with coinsurance rates of 30 percent and higher. However, this radical reform
faces political challenges as middle and high income groups would experience welfare losses and
will therefore oppose such reform proposals.

Other elements in the model—such as high administrative costs, price markups due to ineffi-
ciencies of private insurance markets, concerns about equity in health outcomes, and other forms
of social insurance provided through social security, minimum consumption floors and progressive
taxes—could potentially interact with the social insurance role of a health insurance programs.
We leave a detailed analysis of these further issues for future research.

There are also several modeling extensions possible in future work. The optimality of insurance
contracts is currently restricted to the analysis of a single policy instrument — coinsurance rates
with a linear tax adjusting to balance the public insurance program or a base premium adjusting
to balance the private health insurance contract. More general policy instruments (i.e., progressive
taxes, differential premiums, etc.) can be investigated to describe optimal equilibrium outcomes.
The large state space of the model and computational constraints prevent us from providing a
description of the transition dynamics. Solutions for transitions between different health insurance
systems would be required to answer the question of reform implementability that we hinted at in
the welfare discussions. The lack of a bequest motive and the imposed independence of survival
from health states lead to lower than observed assets holdings of the retired cohorts and affect

the level of self-insurance via savings.
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7 Appendix

7.1 Appendix A: Calibration tables

’ Parameters:

Explanation/Source:

- Health Shocks
- Health transition prob.
- Productivity shocks

Technical Appendix
Technical Appendix
see Section 4

- Periods working J=9

- Periods retired Jo=26

- Population growth rate n=1.2% CMS 2010

- Years modeled years =75 from age 20 to 95

- Total factor productivity A=1 Normalization

- Growth rate g=2% NIPA

- Capital share in production a=0.33 Kydland and Prescott (1982)
- Capital in medical services prod. oy = 0.26 Donahoe (2000)

- Capital depreciation 5 =10% Kydland and Prescott (1982)
- Health depreciation On,j = [0.6% — 2.13%] MEPS 1999,/2009

- Survival probabilities v CMS 2010

MEPS 1999,/2009
MEPS 1999,/2009
MEPS 1999,/2009

- Productivity transition prob.
- Group ins. transition prob.
- Price for medical care
for uninsured
- M price markup for
IHI insured
- M price markup for
GHI insured
- M price markup for
Medicaid
- M price markup for
Medicare

Technical Appendix
Technical Appendix

yrolns — 0.7
VL= 0.25
vl =01
yMaid — 0.0
yMceare — () 1

MEPS 1999,/2009
MEPS 1999/2009

MEPS 1999,/2009

Shatto and Clemens (2011)
Shatto and Clemens (2011)
Shatto and Clemens (2011)

Shatto and Clemens (2011)

- Coinsurance rate: IHI in %
- Coinsurance rate: GHI in %
- Medicare premiums/GDP

Vi € [22,46,48,49, 50,53, 52, 50]
v € 33,33, 33, 34, 36, 36, 45, 50]
2.11%

MEPS 1999,/2009
MEPS 1999/2009
Jeske and Kitao (2009)

- Medicaid coinsurance rate in %

- Public coinsurance rate retired in %

71 e [11,14,17,16, 17,18, 20, 22]

AR =20

Center for Medicare and
Medicaid Services (2005)
Center for Medicare and
Medicaid Services (2005)

Table 8: External Parameters.

These parameters are based on our own estimates from MEPS and CMS data as well as other studies.
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Parameters: Target Moment: Nr.M.
- Relative risk aversion =30 % and R 1
_vlz.rieiZiTZ:e on consumption n =043 labor supply and % 1
;:rﬁijliice on ¢ and { k=0.75 labor supply and % 1
- Discount factor 68=1.0 % and R 1
- THI markup profits wjp € [0.6 — 1.5] spending profile 8
- Health production productivity ¢j €10.2 — 0.45] spending profile 15
- TFP in medical production A, =04 p>;,M 1
- Production parameter of health £=0.26 B é,M 1
- effective labor services production | xy = 0.85 labor supply 1
- Health productivity =10 used for sensitivity analysis | 1
- Pension replacement rate U = 40% T8¢ 1
- Residual Government spending Ac =12.0% size of tax revenue 1
- Minimum health state Amin = 0.01 health spending 1
-Total number of 34
internal parameters:

Table 9: Internal Parameters.

We choose these parameters in order to match a set of target moments in the data.

Moments \ Model \ Data \ Source Nr.M.
- Medical expenses HH income 17.6% 17.07% CMS communication 1
- Workers THI 5.6% 7.2% MEPS 1999/2009 1
- Workers GHI 61.1% 62.2% MEPS 1999/2009 1
- Workers Medicaid 9.6% 9.2% MEPS 1999,/2009 1
- Capital output ratio: K/Y 2.7 2.6 -3 NIPA 1
- Interest rate: R 4.2% 4% NIPA 1
- Size of Social Security/Y 5.9% 5% OMB 2008 1
- Size of Medicare/Y 3.1% 2.5—3.1% | U.S. Department of Health (2007) | 1
- Payroll tax Social Security: 7°°¢ | 9.4% 10 — 12% IRS 1
- Consumption tax: 7¢ 5.0% 5.7% Mendoza et al. (1994) 1
- Payroll tax Medicare: 7M¢? 2.9% 1.5 —=2.9% | Social Security Update (2007) 1
- Medical spend. profile Figure 3 | Figure 3 MEPS 1999,/2009 15
- IHI insurance take-up profile Figure 3 | Figure 3 MEPS 1999/2009 8
Total number of moments 34

Table 10: Matched Data Moments.
We choose internal parameters so that model generated data match data from MEPS, CMS and NIPA.
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Quantiles MEPS Data Model
(in $1,000) (in $1,000)
10% 11.02 .12
20% 18.17 15.86
30% 24.88 23.39
40% 31.14 31.05
50% 37.98 38.00
60% 45.75 48.05
80% 68.82 78.21
100% 391.18 323.52

Table 11: Select Quantiles of the Income Distribution.

We compare model generated income quantiles to income quantiles from MEPS. These quantiles were not targeted

in the calibration.
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7.2 Appendix B: Figures
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Figure 1: Health Expenditures by Sources in OECD Economies (OECD, 2004).
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Figure 2: Health Spending over the Lifecycle by Financing Source.

We present average health spending per 5-year age cohort based on MEPS 1999-2009. We break down health

spending by spending source. Spending values are inflation adjusted to 2009-dollar values.
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Figure 3: Moment Matching using MEPS Data 2000-2009.
Blue lines are model generated data moments and black dotted lines are MEPS data. Panel [1] depicts the
percentage of average medical spending as percent of total household income of a 5-year age-cohort. Panel [2]
shows the health expenditure distribution of heads of households from MEPS vs. model generated health spending.
Panels [3-4] show the fraction of individual, group and Medicaid insurance for the working age population.
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Figure 4: Model vs. Data.

Average lifecycle profiles normalized to values from the age 55 cohort.
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The vertical lines in panels [1]-[3] are

standard deviations of log-values. Asset data in Panel [1] is from PSID 1984-2007. Income data for panel [2] is
from MEPS 2000-2009. Consumption data in panel [3] is from CEX 1980-2007. Data on weekly work-hours by

age-cohort in panel [4] is from CPS 1999-2007.
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Standard deviation of OOP Expenses by Skill Group
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Figure 5: Standard Deviation of OOP Health Expenditure over the Lifecycle.

Panel [1] shows the standard deviations of out-of-pocket health expenditures of 5-year age-cohorts over the lifecycle
for different policy regimes for skill group 1 (lowest wage quartile). The regime without any insurance (denoted:
1 Nolns) exhibits the largest standard deviations throughout the lifecycle. The regime with universal public health
insurance (denoted: 3_UPHI) exhibits the least amount of variation over the lifecycle. The remaining panels show

the standard deviations over the lifecycle for the second, third and fourth wage quartile.



Standard deviation of H Capital by Skill Group
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Figure 6: Standard Deviation of Health Capital over the Lifecycle.

Panel [1] shows the standard deviations of health capital of 5-year age-cohorts over the lifecycle for different policy

regimes for skill group 1 (lowest wage quartile). The regime without any insurance (denoted: 1 _Nolns) exhibits the

largest standard deviations throughout the lifecycle. The regime with universal public health insurance (denoted:

3_UPHI) exhibits the least amount of variation over the lifecycle.

The remaining panels show the standard

deviations over the lifecycle for the second, third and fourth wage quartile.
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Coefficient of Variation of H Capital by Skill Group
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Figure 7: Coefficient of Variation of Health Capital over the Lifecycle.

Panel [1] shows the coefficients of variation of health capital of 5-year age-cohorts over the lifecycle for different
policy regimes for skill group 1 (lowest wage quartile). The regime without any insurance (denoted: 1 Nolns)
exhibits the largest variations throughout the lifecycle. The regime with universal public health insurance (denoted:
3__UPHI) exhibits the least amount of variation over the lifecycle. The remaining panels show the coefficients of

variation over the lifecycle for the second, third and fourth wage quartile.
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