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Abstract

This paper examines the interplay between public and private healthcare in a system that
internalizes non-marketed social value. We provide new estimates of the healthcare social value and
highlight the importance of integrating it into national accounts for effective macroeconomic policy
analysis. Traditional metrics often undervalue healthcare by neglecting these externalities, leading
to a suboptimal allocation of healthcare services from a societal perspective. While both public and
private healthcare generate social value, determining the optimal public-private mix is challenging
because they do not necessarily produce the same type of value, and an unregulated mixed system
can impose negative fiscal externalities on public provision. To address these issues, we develop a
general equilibrium model with dual public-private healthcare services, calibrate the non-marketed
social value, and simulate two market liberalization scenarios with optimal Pigouvian tax policies. A
key finding with significant policy implications is that healthcare social value accounts for at least

28% of public healthcare expenditure, or more.
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1 Introduction

Over the past 40 years, healthcare demand has risen significantly, while supply has failed to keep pace.
To address this gap, many healthcare systems that were once publicly owned (and funded) have moved
toward privatization and liberalization, often by outsourcing services—particularly in hospitals and
secondary healthcare. Supporters of increased private-sector involvement argue that it enhances
efficiency and drives innovation. However, critics have recently raised concerns about its potential risks
to quality and social welfare. (Goodair and Reeves, 2024, provide a review.)

In this study, we define social value as the benefits beyond the marketed economic value of
production which are non-marketed positive externalities, generated by both the private and public
healthcare services. These include things such as preventative medical care, health promotion and
disease prevention, equal access, health education and empowerment, furthering R&D, enforcement of
laws and regulations, and modification of unhealthy behavior (Morris et al., 2005; Carande-Kulis et al.,
2007). They also include less-tangible things such as caring externality, option value, solidarity, equity,
fairness, and medical altruism (Batifoulier and Silva, 2014; Hurley and Mentzakis, 2013).

The problem is that these social values are difficult to quantify in monetary terms and difficult to
internalize (ustify) by the healthcare providers or government policy. As a result, healthcare is
generally undervalued and sub-optimally allocated from society’s point of view (Arrow, 1963; Ojo, 1991).
In addition, the level of social value clearly rises with more healthcare production, but the optimal mix
of how it is financed is equally crucial because public-financing and private-financing promote different
types of social value. For example, public-financed healthcare is more likely to encourage health
promotion, equal access, and solidarity, while private-financed healthcare focuses on quality and
furthering R&D.

Policymakers use regulations to manage the public-private healthcare mix, mitigate negative fiscal
externalities on public services, and pursue specific social goals to improve well-being, defined as the
combined social and economic value. The challenge is that social values are often unknown, difficult to
quantify, and omitted from national statistics. As a result, decisions about the optimal mix, how to
address unmet demand, and how to maximize well-being often rely on political beliefs and opinions.
Without incorporating social value into their policy decisions, policymakers risk implementing changes
that could harm well-being instead of enhancing it.

Thus, the aim of this paper is to highlight the importance of calibrating and incorporating social
value into national accounts and policy analysis. Using a general equilibrium model of a mixed public-
private healthcare system, we estimate the non-marketed social value (in monetary terms) based on ex-
post revealed preferences. We then demonstrate how policies promoting healthcare liberalization could
reduce well-being if additional measures to protect social value are not put in place.

We demonstrate that any allocation mechanism that incorporates social value will perform better,
ceteris paribus, than those that do not. While a fully liberalized market could enhance well-being by
allocating resources more efficiently, it must also account for its impact on social value. For instance,
Glied (2008) estimates a Pigouvian tax on private healthcare in Canada within a liberalized market to
help fund the public sector and reduce negative fiscal externalities on public services. However, the
optimal tax depends on accurately estimating social value. Using our calibrated value, we simulate this
policy in Israel and calculate the optimal tax on private healthcare to be at least 15%. We find that this
second-best policy is only weakly superior to the current regulated system and is thus best avoided. In
contrast, we simulate a first-best policy that could improve well-being beyond the regulated system,



though it is more difficult to implement. Overall, our findings support maintaining a mixed public-
private healthcare system.

This paper is important for three reasons. First, while our focus is on healthcare, the same
considerations apply to other sectors with a public-private mix, such as education and transportation.
Our modeling framework can be adapted to these sectors as well. Second, although we focus on the
Israeli economy, our approach is equally relevant to many European countries with a strong centralized
public healthcare system, such as Denmark and the United Kingdom. Finally, our paper introduces a
new method for policy analysis. Unlike typical studies that use willingness-to-pay (WTP) or willingness-
to-accept (WTA) for specific treatments through contingent valuation methods (CVM), we provide a
macro-level WTA estimate that is applicable for broader, economy-wide policy analysis.!

The intuition of our approach is the following: We model social value as a non-marketed byproduct
of healthcare production from both public and private services. The economy is calibrated to Israel's
2012 public-private healthcare mix, reflecting the peak share of private healthcare, shaped by
regulation and policy within a parliamentary system.2 While these political regulations have created
economic distortions, they also established a baseline level of social value. The primary distortions stem
from wage differentials between the public and private sectors and restrictions on establishing private
clinics that compete with public ones. We then simulate a liberalization policy that increases economic
output by removing these distortions, but it also reduces net soczal value by altering the public-private
mix.

To calibrate a lower-bound estimate of social value, we identify the point at which Israeli
households are indifferent in their well-being between the current regulated healthcare system and a
deregulated alternative. We justify this calibration using ex-post revealed preferences. The fact that
Israelis have continued to support the regulated system—and even increased the public healthcare
share after 2012, despite known economic distortions—indicates that the true social value is likely
higher than our calibrated estimate. Finally, we incorporate this imputed social value into the economy-
wide model and simulate two Pigouvian tax policies, highlighting the importance of considering social
value in policy analysis.

One key finding from this paper, which could be used for further health policy research, is that social
value is estimated (imputed) to be at least 28% of healthcare expenditure by public finance, or higher.
This is equivalent to an annual per capita value of at least USD 472 (2019 prices) for providing the 2012
level of the mix. In comparison, Ballard et al. (1985); Brent (2003) and Al-Hanawi et al. (2018) find
similar order of magnitudes. The inframarginal social value must certainly be larger because Israelis
have chosen to continue with the regulated system and even enlarge the public share in the mix in the
years after 2012 because they have internalized social value.

In what follows, Section 2 explains why public and private healthcare are similar but different,
and why we model a dual system. Section 3 provides a brief background on Israel’s healthcare services
to motivate specific model requirements and setup. Section 4 calibrates (fits) the model to Israel with
data. Section 5 provide results and Section 6 policy recommendations. Finally, Section 7 concludes. An
online supplementary appendix provides further information, results, sensitivity analysis and computer
code.

1 Diener et al. (1998) and Olsen and Smith (2001) provide a systematic review of traditional WTA and WTP in healthcare.

2 The public/political system has led to choices on, for example, the public health tax to fund public services, universal healthcare
coverage, etc. 3



2 A mix of public-private services and fiscal externality

Public and private healthcare provide similar but not identical services and cover different societal
objectives. An optimal mix would maximize well-being, though opinions differ on what this mix should
be and what its welfare effects would be like. Support for more deregulation and liberalization focuses
on the need to respond to the rising excess demand, to promote cost control, further R&D and promote
the efficient use of resources through healthy competition (Andritsos and Tang, 2014; Cooper et al.,
2011). Competition in healthcare is also argued to lower prices and enhance quality and treatment
decisions (see review by Gaynor et al., 2015). However, some of these same arguments are also used to
support the protection and extension of the public sector. For example, Chernichovsky and Leibowitz
(2010) have argued that in the U.S., the lack of an integrated public healthcare system actually lowers
efficiency and raises administration costs. Goodair and Reeves (2024) provide a literature review.

Though both providers generate social benefits, elements such as moral arguments for access and
equity to treatments, inhibiting “supplier induced demand” that push unnecessary treatments on
patients, preventative care, and health-education are less important to the private sector. The two
systems are not perfectly substitutable and some regulation is necessary to provide the public service and
target certain social objectives (Culyer, 1989; Batifoulier and Silva, 2014).

In addition, an unregulated mixed system also imposes negative fiscal externalities on public
provision. For example, when private healthcare is supplemental to public services, the unmet-demands
of high income households drives them to top-up with private financing. If allowed to partially opt-out,
this would raise overall financing but at a cost of lowering public financing (Epple and Romano, 1996).
Also, private insurers could vary premiums to make sicker patients prefer the public system, and even-
if premiums do not vary, they could design mechanisms to “cream skim” the system to attract the
healthier and deter the sicker. This unequally burdens the care on the public sector (Glied, 2008; Frank
et al., 2000).

Negative fiscal externality also occurs when private healthcare insurance is complementary to public
services or when it is possible to substitute non-price mechanisms (e.g., longer waiting time) with an out-
of-pocket purchase that is complementary to treatments in the public system. Both compound the moral
hazard effect inherent in the public system and raise the demand for the services covered, but without
raising the premiums of private insurance or the costs of direct purchases (Glied, 2008).

To mitigate some of these market failures, private-public partnerships (PPP) have been set up
whereby the private party provides public services and bears significant risk and management
responsibility. Roehrich et al. (2014) provide a systematic literature review of this type of partnerships
and find that opinions are mixed: it may allow the public sector to access idiosyncratic resources and
capabilities that would help innovate and improve health service quality. However, it could also create
low value for money, higher cost of capital and stifle innovation. In the case of Israel, Filc and Davidovitch
(2016) argue that PPP blurred the boundaries between public-private healthcare, pushing the system

towards lower equity and efficiency.

In conclusion, public and private healthcare provide diverse types of services, and modeling their
mix is important for analyzing the healthcare system.



3 Method

Economy-wide computable general equilibrium (CGE) models are tools for capturing both direct and
indirect (ripple) effects in economic systems, which is especially important when considering health-
care (Hafner et al.,, 2023). Variants of CGE models have been used in healthcare policy analysis
(Warshawsky et al., 2024; Nugroho et al., 2021; Kabajulizi et al., 2017; Hsu et al., 2015), pandemic
influenza (Smith et al., 2011), antimicrobial resistance (Cortignani and Coderoni, 2022; Smith et al.,
2005) , HIV/AIDS (Kabajulizi and Ncube, 2017) , Malaria and vaccine (Smith et al., 2020; Yerushalmi et
al., 2019), value of physical exercise (Hafner et al., 2020b) and Covid-19 (Kabajulizi, 2023; Keogh- Brown
et al., 2020). Our model is based on the same building blocks but includes new features that (i) provide
public healthcare free-of-charge at the point of service, (ii) simulate liberalization, and (ii7) is the first to
use calibration (imputation) to measure the social value as a byproduct of production.

We are not interested in modeling the micro-foundation of social value explicitly, as there are a
wide range of mechanisms to consider. Rather, we use ex-post revealed preferences to calibrate these
all together. For example, we model a single household so that we do not need to specify the marginal
utility values of the public good for each household. This simplifies the Samuelson Rule and Lindahl
Pricing (Markusen, 2012; Manning et al., 1985). More complex heterogeneous household CGE and
overlapping generations models have already explicitly linked health insurance spending and moral
hazard with welfare effects. These ex-ante simulations, which require many assumption, show that
introducing more liberalization is likely to cause negative distributional effects on sicker and poorer
households and lower overall welfare (Jeske and Kitao, 2009; Pashchenko and Porapakkarm, 2013;
Jung and Tran, 2016). We calibrate this effect ex-post.

Our approach relates to two fields: (i) literature on the Marginal Excess Burden (from public
economics) compares the dead-weight loss generated by distortionary taxation with the social value it
creates in public services.?> An important contribution by Ballard et al. (1985) compute these for the
USA using a CGE model. In our paper, it is the healthcare regulation and distortionary health tax that
cause the dead-weight loss. (ii) Environmental economics is another field that has had a long history of
quantifying the non-marketed (social) value of environmental amenities. Similar to Yerushalmi (2018)
that calibrates environmental amenities by analyzing the regulated pricing of water inputs, which are
limiting inputs in agricultural production, in our paper, the regulated health-labor market acts as a
limiting factor in healthcare production.

In what follows, we begin with a brief overview of the healthcare system in Israel, to help motivate

the setup of our model. We then provide a model description.

3.1 The Israeli healthcare system

Israel employs a universal healthcare system. Government health service (GHS) is delivered by four
competing health maintenance organizations (HMOs). Every permanent resident must be a member of
an HMO that must supply the same services selected by the government’s healthcare package. The
system is financed by a combination of a health-specific payroll tax and general taxation. Funds are
distributed to HMOs according to a capitation formula (e.g., number of members, age, etc). The
government manages healthcare by controlling public-healthcare wages and permits private services.
In the mid-1980s, like many other western countries, Israel began a process of neo-liberalization.

3 See further discussion on Marginal Excess Burden in Brent (2@16) and Ballard et al. (1985).



Many social welfare services were becoming privatized including healthcare. This shift was partly
ideological but also aimed at improving efficiency (Filc and Davidovitch, 2016). This process coincided
with an accelerated growth in demand for healthcare services that stemmed from a rise in household
incomes, a widening variety of healthcare services on offer, and an aging population. However, the rise
in supply did not match demand, e.g., while GDP per capita increased by 1.6% per year, the number of
physicians per 1,000 people declined from a high of 3.85 in 1999 to 3.1 in 2018 (Bol, 2019).

To catch up with demand, healthcare policy enabled faster growth in private healthcare, which
peaked by 2012. This included the introduction of private services in several public hospitals. For
example, between 1995 and 2012, private healthcare production per capita increased by 4% (in real
terms, on average per year) compared to 0.8% in public healthcare. The result was a decline in the
weight of public healthcare production from 68% to 60% between 1995 and 2012. Public healthcare
financing also dropped sharply from 66% to 61% between 1995 and 2012 (CBS, 2021).

Since private supply only partially solved the acute excess demand, the government set up the
German Committee in 2013 to critically assess and suggest policy reforms (German, 2014). Its main
conclusions were to strengthen public healthcare and mitigate against inequitable access and negative
fiscal externalities caused by private healthcare. Indeed, since 2013, public financing has reversed
course and gradually climbed to 64% in 2019 (CBS, 2021).4

Several Israeli studies provide anecdotal evidence of lost social value from gradual liberalization in
the years leading to 2013 but provide weak quantitative evidence. For example, they discuss the rising
workload of employees in public hospitals, pressures and decline in public-healthcare financing, rising
wage gaps between physicians in public versus private healthcare, while performing the same tasks
with similar skills, and driving physician to moonlight in private healthcare during hours devoted to
public healthcare (Chernichovsky, 2013; Ben Naim and Blinksy, 2019; Blinski et al., 2018). In addition,
studies show duplication of private and public healthcare payments and under-utilization of publicly
funded facilities while investment in similar private facilities is booming (Chernichovsky, 2013; Achdut,
2019).

The next sections describe the basic model that mimics the Israeli healthcare system and designed
to calibrate the social value. Section 4 calibrates the model to “fit” Israel.

3.2 Production of healthcare services and other goods

The basic model has three firms y; indexed by i = (pr,pu,ot). The first two firms are interpreted as
private and public hospitals and medical clinics that provide healthcare services y,, and y,,. The third
firm provides other goods y,;. Each good has a unit price p;, respectively. Firms require inputs of labor
l;, capital k; and intermediate inputs y;; (with index j alias to 9. Labor li_,,,, is defined as the
combination of physicians, nurses and paramedic staff that deliver the necessary labor inputs for
medical care. At this stage, to simplify, we remove non-health labor, [, = 0. Later, in the application
to Israel, it will be introduced within a multi-level production function.

Firm i maximizes profits given a two-level constant return to scale (CRS) production function. In
the lowest-level (level-2), demand for capital k; and labor I; inputs are combined into a composite factor
KL; through a constant elasticity of substitution (CES) function:

4 9020/21 are outlier years whereby public healthcare finanging jumped to 70% of total because of the COVID-19 crisis.
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with parameter o,; the level-2 elasticity of substitution between labor and capital, a; their share
parameter, and §; a scaling factor. Given that we use this standard CES function throughout the model,
from now on, we use the shorthand notation of KL; = 6;f (k;,l;; 05;). Capital is mobile across the
sectors with r the cost-of-capital. In the baseline, labor [; is sector specific with a wage w;. In the
counterfactual liberalization scenario, I; becomes mobile with wage w (explained in section 3.5).

In the top-level (Ievel-1), the value added KL; with unit cost pX*, is combined with intermediate
inputs y;; to form y;, and with oy; the level-1 substitution elasticity:

max p;y; — | pFEKL; + ij}’ji @)
j
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Private and public healthcare firms also create a non-marketed social value externality E as a
byproduct of production in fixed proportion share e;,

E = epuYpu + €prVpr 3)

However, firms do not internalize this and maximize profits solely based on their marketed
economic output. Households consume all social value provided to them. Computationally, we cannot
identify both e,, and e,,.. To avoid having infinite combinations, we set (normalize) epr = 0, and simplify
notation with ey, = e. Thus, we calibrate the net externality generated by both private and public in

monetary terms as

E = ey, (4)

This is obviously a simplification from reality, for example, we do not consider situations where the
marginal benefit of E diminishes as more is available, or if large increases in complications or
malpractices change the preferences of the public-private mix. Our model is a simplification and is not
intended to capture all possible aspects. Rather, its purpose is to calibrate E to a specific public-private

mix, at a point in time.



3.3 Production of government health services (GHS)

The Government Health Service (GHS) supplies publicly financed healthcare G to households, with
shadow unit value of p;, by purchasing services from in-house public medical-clinics cgu or outsourced
from private medical-clinics cy,. GHS maximizes its healthcare service by

= g 9.
max G = g(cgcori on) (5)
CpuCpr
s.t. ppucpgu + pprcpgr = T(ppucz})lu + pprC{olr + potht) (6)

with o5, the substitution elasticity between public and private healthcare services. The GHS budget
constraint (6) is always balanced whereby expenditure (left-side) equals income obtained from a health
tax revenue levied across all privately demanded final goods.

To provide GHS as a free public services at point-of-contact, alongside privately-financed
healthcare, we apply Markusen (2012)’s computational method for providing a public good.? We
introduce two implementability constraints that adjust a distortionary, endogenous (slack), health tax
7 and a slack variable G¢, with unit shadow value of p¢, that is endowed by households (shown in 9
below). More details are provided in the online supplementary appendix A.1.

3.4 Household well-being

The aggregate household maximizes a well-being function W, modeled as a CRS multi-level function
that has two components: economic utility U = u(H,c!) from consuming marketed-goods (health and
non-health goods) and a non-marketed social value E = ey,,, which is unknown and will be calibrated.

_ h.
c{rlr'gj)é,cgt W= u(H' Cots 01) +E (7)
s.t. H="6&h(c}, ch, G;on) ®)
Y1+ Opict +psG = Tk +Ywil; + piGe )

In the lowest-level (8), household demand privately-financed private healthcare services c{}r, privately-
financed public healthcare services C{,lu, and also the publicly-financed healthcare G provided by GHS
(discussed in 5). These are bundled as healthcare goods H by a CES function that has a substitution
elasticity o, and a scale parameter §,. In the top level (7), economic utility U is assembled by
bundling H with all other-non-health goods c/, with substitution elasticity o;. Households also
consume the byproduct externality of healthcare production E. As previously explained, through the
implementability constraints, households are endowed in the budget constraint (9) with a slack
endowment G¢, thus receiving public healthcare free-of-charge, but incur economic distortions through t
(explained in detail in the online appendix A.1.)

Finally, the online supplementary appendix A.3 summarizes the resource balance.

5 Discussed originally by Manning et al. (1985); Chipman (1970) and Kaizuka (1965).
8



3.5 Calibrating social value E with a hypothetical market

We exploit a key intuition: in a pure market economy, wage differentials are explained by gaps in the
marginal productivity of labor. In Israel, since the quality of doctors, nurses and their use of medical
technology are the same for both sectors, one would expect a much narrower gap in wages. Indeed, if
private and public services are close substitutes, wages should be the same. But in practice in Israel,
wages are substantially higher in the private sector because of the wage caps in the public sector.

In the baseline, pre-liberalization, labor is sector specific [; and wages w,,,, # w,,,.. Hospitals and
clinics hire as many workers as required and the marginal productivity of labor (MPL;) equals its real
wage, :—ii = MPL;, but not equal across the sectors, i.e., MPLy, # MPLy,.

In the counterfactual simulation, post-liberalization, the hypothetical market allows medical
employees to move across healthcare sectors which endogenously adjust wages and production to
maximize profits. For example, if % = MPLy, < MPL,, = %, the private sector would hire additional
workers (and the public sector shed workers) up to a point where M PL,, = MPL,,. Wider gaps increase
this distortion. (See online appendix A with more detail on the computational method.)

To calibrate the indifference social value, we define the baseline before liberalization as superscript
0 and counterfactual post-liberalization as superscript 1. Since national accounts cannot provide a
monetary value for E°, we cannot calibrate a parameter e® within our economy-wide model. Therefore,
we numerically search for a baseline social value E* = e"y,, whereby the post-liberalized gain in
economic utility will match the net loss in social value. Given that well-being is W = U + E, and using
the identity (4), households are indifferent between the pre and post-liberalized healthcare systems
when U — U° = e*(y2, — y&,), with e” the calibrated share of net social value. Succinctly, we search for:

AU = —AE (10)

Based on Israeli data for 2012, E® = e°y,,, > 0 iff yJ, > y,, because public sector real wages were
lower than private sector. As a result, market liberalization improves resource allocation, benefiting the
overall economy. (Similarly, if public sector wages had been higher than private sector wages, the net
social value would have been calibrated as a negative value.)

Figure 1 illustrates the general equilibrium effects on economic utility and externality. The
continuous line represents the value of well-being in the pre-liberalized scenario for different “guess”
values of E°. For example, the point where E° = 0 is the known value of welfare (such as GDP)
provided by national accounts. The broken line illustrates welfare post-liberalization. When omitting
E® = 0, it is obvious that liberalization would raise welfare AW > 0, and is the argument often used
to justify liberalization to lower distortions. But as E° > 0 rises, the post-liberalized marginal
increase AW = AU — AE > 0 begins to decline. At some point above E*, the loss in net externality is
greater than the gain in economic utility and AW < 0. In this region, liberalization is not
preferable. To calibrate social value, we numerically search for E* where the two lines intersect, as
defined by (10).



Figure 1: Optimal social value
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The figure shows E*, the baseline calibrated social value required for the pre and post-liberalization healthcare reform to leads
to no change in well-being, AW = 0. The continuous line illustrates the pre-liberalized value of well-being for different “guess”
values of E°. The broken line depicts post-liberalization.

As stated by Arrow (1963), we assume society can ex post assess the distribution of satisfactions
and, if found inadequate, implement corrective measures. We therefore analyzed the year 2012 because
we know Israelis maintained the baseline regulated system in the years after and have even increased
the public healthcare share e within the overall mix of healthcare financing. This shows that they
perceive being in the region AW < 0. In addition, we use conservative g, that raises the desirability of
liberalization in this model, thus lowering the likelihood of a Type I error.5

Finally, the model is coded in the computer language GAMS? and its sub-language MPSGE that
greatly simplifies the use of multi-level functions, eliminates coding errors, and simplifies calibration.
MPSGE furthermore solves mixed complementarity problem (MCP) (Rutherford, 1995). Intuitively,
this feature allows for both internal and corner solutions which we use for the implementability
constraints and hypothetical labor market. The GAMS/MPSGE code is provided in the online

supplementary appendix E.

4 Model implementation to Israel

This section describes how we “fit” the model to Israeli data based on the accounting format of the Israeli
Central Bureau of Statistics (CBS). The applied model has four production sectors: two healthcare firms
Ypu and y,, that provide hospital and second-tier services, as previously discussed. The third is a fully
private Pharma industry that supplies medicine manufacture, medical supplies, private dental care,
and medical equipment. The fourth sector is all other non-health goods, including non-health
government services (e.g., education and roads). We furthermore add non-health labor inputs, I,

previously omitted.8

6 In our model, Ho is the current regulated healthcare, while the counterfactual policy is market liberalization Hi. A type I error
occurs when the null hypothesis (Ho) is true but incorrectly rejected, i.e., a false positive.

7 http://www.gams.com/
8 These are added to fit the model to Israel’s real data. 10
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Figure 2: Multi-level nested production
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The figure shows the multi-level production function used in the applied model.

Figure 2 depicts the applied CRS nested structure for y;. As is standard in applied models, capital
and non-health labor are assumed to be a Cobb-Douglas function, while health-labor inputs are assigned
a low substitution elasticity of 0.1 to capture their specialized nature.

Intermediate inputs of production (health and others) are illustrated at the right-hand-side of
Figure 2. At the lowest nest, private and public healthcare services are bundled by a CES function with
a substitution elasticity o, > 1. To narrow its value, we use Li et al. (2016) that fit g, by matching the
moments of a macroeconomic model to the mix of public-private healthcare expenditure and other
variables, across 22 countries (not Israel). They find that g, tends towards 1, with a range of up to 41,
e.g., Canada is 2.52. In our case, we assign a mid-point of ¢;, = 5 which is more conservative because
higher values make liberalization (more) preferable and lowers the calibrated social value. We also apply
a Monte-Carlo sensitivity with 2 < g, < 10. Our experience with CGE models is that above 10
realistically implies that goods are near perfect substitutes, which is not reasonable here.

Figure 3 depicts the applied multi-level household utility function U. In the lowest-nest,
households demand privately-financed private and public services c{,‘r, c,’,lu and publicly-financed
services G with substitution elasticity g,. Next, healthcare services are combined with the private
Pharma industry with a substitution elasticity of o, = 0.3, representing quite different products.
Finally, other goods and savings are added, thus summing up economic utility U. Not shown in Figure
3, U and the social value E are then aggregated to arrive at well-being W (as in 7).

To reflect the unmet excess demand for healthcare, the substitution elasticity between health and
other goods a; is expected to be price responsive. To narrow its range, we link empirical estimates of
the compensated demand elasticity of healthcare E with the healthcare expenditure shares 6, and 6,
e+0g(61—

%) (derived in the online appendix B).

from Israel by the identity o; = B-D)

11



Figure 1: Multi-level nested utility
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The figure shows the multi-level utility function used in the applied model.

Kowalski (2016) uses a censored quantile instrumental variable (CQIV) that allows estimates to

vary across conditional expenditure distributions. She finds that € varies from -1.49 to
-0.76, narrowing o; to around 0.87 and 1.7. Borger et al. (2008) develop a CGE health-focused model
and provide an older literature review on € with similar values. Thus, we assign o; = 1.5 and test its
sensitivity to a range 0.25 < g, < 3 and with a Monte-Carlo analysis.

Finally, we introduce closure rules to fit the applied model and correctly interpret economic utility
and well-being across scenarios: (i) a government also demands inputs with which it provides a fixed
baseline level of non-health services (e.g., defense and education), in real terms. This detaches non-
health public services from our measure of well-being.? (ii) Being a static model, the current account is
fixed to baseline levels, and the government, household and rest of the world save a fixed proportion of
income. Otherwise, if for example, the current account deficit would rise, this would act as a ‘free gift’

and raise utility. In the long-run, the current account should balance on average.

4.1 Calibrating to Israeli national accounts

We compile 2012 data into an Israeli health social accounting matrix (SAM). This is a balanced table of
incomes and expenditures across multiple aggregate national accounts. As previously mentioned, 2012
is the best period to calibrate the indifference social value because it was the peak in the share of private

healthcare in the mix.

9 Computationally, we add a constraint that transfers (receives) any budget surplus (deficit) as a lump-sum from the household
and government to maintain this constraint.
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Table 1: National healthcare expenditure and wage differentials

Healthcare expenditure by public and private financing and production

bln NIS, 2012 % of total % of GDP
Healthcare financing (demand)
Public financing 46.8 74% 4.7%
Private financing 16.5 26% 1.7%
Total 63.3 100% 6.3%
Healthcare production (supply)
Public production 50.3 78% 5.0%
Private production 14.2 22% 1.4%
Total 64.5 100% 6.4%

Wage differentials in health production
Wage bill (NISmln) Employees (1000s) Wage per employee
(NIS, per year)
Public production 18,766 143.1 131,139
Private production 10,664 48.7 218,973

Source: CBS (2018, 2021) and authors calculations. The table shows the split between private-public financing and production, and wage
differentials.

To generate the health SAM, Israel’s CBS provided us with a 205 industry-level disaggregation of
Use and Supply tables 2012. We furthermore used the 2012 national accounts data (CBS, 2018), 2012
labor force survey (LFS) (CBS, 2015), and the 2012 national expenditure for health (CBS, 2021). These
are combined to create a detailed SAM, which we aggregated into our Health SAM. (Both SAMs are
provided in the online supplementary appendix C).

In accordance with CBS, the SAM estimates Israel’s 2012 GDP at NIS 1,001 bln. The SAM
disaggregates healthcare production and financing, summarized in Table 1 and the baseline (left
column) of Table 2. In 2012, excluding the pharmaceutical industry to focus solely on hospitals and
second-tier services, total healthcare production amounted to NIS 64.5 billion—approximately 6.4% of
GDP. The public sector accounted for 78% of healthcare production, while the private sector contributed
22%. Total healthcare financing was NIS 63.3 billion, with public sources covering 74% and private
sources—out-of-pocket payments and premiums for supplementary and commercial insurance—
covering 26%.

Finally, the SAM also characterizes four main taxes. Health tax, which finances the GHS, is
collected by the National Insurance Institution and by government tax transfers to the Ministry of Health.
The health tax revenue of 4.7% of GDP is cross-checked and consistent with the level of public
expenditure on healthcare in Israel (CBS, 2018).

4.2 Setting wage differentials

Statistics on wage differentials are not readily available because health professionals can work on “dual
practice” and blurred boundaries (e.g., physicians offer private practice while also holding a salaried
job in the public hospital). Using the 2012 LFS, we estimate that the health sector employed around
191.8 thousand people, of which 25.9 thousand were physicians, 35.4 thousand nurses and 130.5
thousand paramedical and administrative staff (CBS, 2015). Next, no available data splits employees
into public or private healthcare. Using micro-data from the LFS and ISCO 4 digit classification, we
calculate the average weighted split by five categories: (1) General hospitals, (2) Public clinics, (3)
Dentistry, (4) Private medical clinics and institutes, and (5) Other human health activities.

Overall, we find that approximately 75% of medical employees (143.1 thousand) worked in
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the public health sector while 25% (48.7 thousand) worked in the private sector. Dividing the wage
bill by the number of employees in the public and private sectors, we calculate the average wage per
employee at around NIS 131 and NIS 219 thousand per year, respectively (see Table 1). This is a wage
gap of around 67% higher in the private sector, which matches micro-level studies in Israel (Blinski et al.,
2018; Ben Naim and Blinksy, 2019).

5 Results and policy implications

We begin by simulating a policy that liberalizes the healthcare system without considering social value,
E° =0 and U = W.10 As expected, Table 2 reports that liberalization raises household economic utility
by 0.2% to 0.7% (relative to the current system) because liberalization improves efficiency and
affordability. Medical employees migrate across sectors, production adjusts to maximize profits, and
household access more goods for the same budget. The range of increase depends on the substitution
elasticity between private and public healthcare g, = [2,10]. As an extreme test, when private and
public healthcare become perfect substitutes g, —» o, the increase in U converges to 1.8%. This is a
corner solution whereby the public sector completely shuts down and all healthcare services are
provided privately.

Market liberalization raises total production and total finance of healthcare but also changes the
mix of private-public. For example, focusing on g, = 5, total healthcare financing rises by 10.3% but the
public share falls from 74% to 58%. Similarly, total production rises by 10.1% (in real terms) but the
public share falls from 78% to 62%.

Not shown here, expenditure on the Pharma industry rises by 10.3% because it is a complement to
intermediate input for healthcare production (both private and public). Finally, expenditure for other
non-health goods falls by 1.1% because healthcare becomes relatively more affordable and generates
some substitutions. (Further results are presented in the online appendix, Tables 6 and 7.)

Table 2 also reports on the movement of medical employees, changes to wages, and output prices.
For g, =5, 27.3 thousand medical employees would migrate from the public to private healthcare
sectors. Private sector real-wages fall by around 41% but could rise (or fall) in the public sector
depending on elasticity ;. For example, with g, = 2, demand for public healthcare remains strong and
public wages rise by 11%. But with higher o3, the decrease in demand for public healthcare is stronger
than the decrease in supply, and therefore, public wages fall. In all cases, as expected, wages equalize
following a market liberalization policy. Output prices, which we index to 1 for convenience, show that
private healthcare becomes cheaper relative to public healthcare, for all g;,. But as explained with wages,
the output price of public healthcare might rise with low g}, but then falls as gy, rises. Finally, healthcare overall
is cheaper compared to other goods due to liberalization.

10 We remind readers that liberalization here means removing wage caps on public medical employees, removing setup
restrictions on private hospitals and clinics, and enabling complete competition in the medical labor market.
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Table 2: Simulation results with E® = 0

Current (baseline) Liberalized healthcare (counterfactual)
op,=2 I op,=5 I o, =10
Household expenditure (U = W when E° = 0, gross of taxes)
NIS NIS %A diff | NIS %A diff | NIS %A diff
Total, bln NIS 797 798.4 0.2% 1.4 800.2 0.4% 3.2 802.7 0.7% 5.7
Healthcare financing (demand)
Total, bln NIS 63.3 66.1 4.4% 69.8 10.3% 74.8 18.1%
Share of public Share 74% 68% 58% 45%
of private 26% 32% 42% 55%
Healthcare production (supply)
Total, bln NIS 64.5 67.2 4.3% 71.0 10.1% 76.0 17.8%
Share of public 78% 72% 62% 49%
Share o\ sf private 22% 28% 38% 51%
# of medical employees by sector (000s)
# %A diff # %A diff # %A diff
Private 48.7 61.0 25.3% 12.3 76.0 56.0% 27.3 96.2 97.5% 475
Public 143.1 130.8 -8.6% -12.3 115.8 -19.0% -27.3 95.6 -33.2% -4'7.5
Healthcare Wage (NIS 000s, per year)
NIS NIS %A diff NIS %A diff NIS %A diff
Public healthcare 131.1 145.5 11.0% 14.4 129.3 -1.4% -1.9 107.7  -17.9% 93.4
Private healthcare 219.0 1455  -33.5% -73.5 | 129.3 -41.0% -89.7 | 107.7 -50.8%  181.2
Output prices (baseline index =1)
Index | Index %A Index %A Index %A
Public healthcare 1.0 1.0062  0.62% 0.95 -5.2% 0.87 -12.7%
Private healthcare 1.0 0.85 -15.2% 0.82 -18.0% 0.78 -21.7%
Pharma industry 1.0 1.0065 0.65% 1.02 2.0% 1.04 3.9%
Other goods 1.0 1.0056  0.56% 1.02 1.8% 1.04 3.5%

The table shows the pre- and post-liberalization outcomes, for different levels g;,. %A is percent change from baseline.

We furthermore perform sensitivity tests with 0.25 < g; < 3 - the substitution elasticity between
health and other goods. As expected, an increase in o; (i.e., better substitutes) raises the real
expenditure on healthcare goods relative to other goods, welfare rises, and the number of public
healthcare employees migrating to the public sector rises.!!

The overall conclusion, so far, is that a market liberalization policy raises utility. However, this
partial view excludes the lost net social value which we calibrate next.

5.1 Calibrating the social value E*

As outlined in Section 3.5, we computationally search for an E* > 0 pre-liberalization that would lead
to no change in well-being post-liberalization, AW = W' — W° = 0. For various levels of (guess) baseline
E° and o, = [2,5,7], Figure 4 reports the changes to AW, i.e., the vertical differences illustrated in Figure
1. Starting with E° = 0, well-being rises as reported in Table 2 (e.g., with g, = 5, AW = NIS 3.2 bln).
However, as E° > 0 rises for a given oy, the marginal increase in well-being falls because the net
byproduct social value falls despite the economic gains from liberalization. With ¢, = 5, for example, E*
is around NIS 8.8 bln.

Figure 4 furthermore shows that a higher o, lowers E*. This is because private healthcare also
provides social value, and as it becomes a better substitute for public healthcare, less net social value is
lost by liberalization. Figure 5 charts E* for different levels of substitution g;,. The indifference curve

11 Online appendix D.1 provides further results from the sensitivity analysis.
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1s convex because as the substitution between private and public healthcare gy, rises, regulation and the
mix that it targets (for 2012) become gradually less important for generating social value. For example,
with g, = 20, regulation contributes very little for targeting social value.

Importantly, Figure 5 furthermore shows that for a given substitution elasticity (e.g., focus on g, =
5), if the true social value is below the indifference curve E*, market liberalization is always preferable
because the gains in economic utility would be larger than the loss in net social value and AW > 0. In
Israel, using revealed preferences, we know that this is not the case ex-post. In the years following 2012
of this calibration, Israelis have maintained the current regulated system and have increased the public’s
share within the overall mix. This shows that they have internalized a higher social value than the
indifference curve calibrated here. They are in the region AW < 0. Furthermore, as mentioned, using
conservative oy, raises the desirability of liberalization and lowers making a Type I error.

Figure 4: Well-being gains from liberalization, NIS bln

AW, Well-being gains (bln NIS 2012)

The figure shows the change in well-being AW = W' — W? as a function of the baseline (guess) social value E° and substitution
elasticities a;, = [2,5,7].
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Figure 5: The indifference social value curve, 2012 NIS bln
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Figure 5 charts E* for different levels of substitution o;, showing that as it rises, regulation and the mix that it targets become less

important for generating social value.

As previously explained, our model is specifically set for 2012 to capture the peak of private share
within the mix under the regulated system. Since the German Committee in 2013, the Israeli debate on
the optimal mix of public-private healthcare has focused on the negative externalities imposed by
private healthcare on the public (e.g., rising wage gaps, patients diverted towards private services, and
supplier induced demand) with limited social-economic gains (Ben Naim and Blinksy, 2019). Neither the
Ministry of Finance nor Ministry of Health have not supported the extension of private services. In fact,
public (not private) healthcare financing has risen from 61% in 2012 to 64% in 2019 of total financing
(CBS, 2021), with a clear target to deepen the share of public healthcare even further.!2

Monte Carlo simulation

To provide a concrete calibration of the indifference social value E*, we use a Monte Carlo simulation to
randomly generate a range of g, = [2.10], o; = [1,2] and baseline social value E° = NIS [2,22] bln. Due to
a lack of a prior, parameters are generated from a uniform Probably Density Function (PDF), which
jointly enter the model. The model is executed 80,000 times and all results with AW = 0 are collected
and analyzed. Table 3 provides an overall summary reporting the average indifference net social value
estimated at NIS 13.2 bln, or 28.2% of the public finance healthcare expenditure. Figure 6 plots its
sample probability density.

Table 3: Components of social value

bln NIS 2012  Social value as % of CI 99%
Calibrated indifference social value E* 13.2 12.7-13.7
Healthcare expenditure by public finance 46.8 28% 27.1%-29.3%
Total healthcare expenditure 63.3 21% 20.1%-21.6%
Total private consumption (gross taxes) 797 1.7%
GDP 1001 1.3%
Per capita social value NIS 1,668 USD 472 in 2019

Source: Model results and CBS Israel; In 2012, Israel’s population was 7.9 mln.

12 The COVID-19 period is an outlier whereby public financing jumped to above 70%.
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Figure 6: Social value E* is at least NIS 13.2 bln
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The figure shows the probability density of the calibrated social value E*. The model is executed 80,000 times and
results with AW = 0 were kept. The sample average is NIS 13.2 bln (99% CI 12.7-13.7).

This type of result is novel and therefore cannot be directly compared with other studies, but we
find its magnitude similar to them. For example, a related literature is the Marginal Excess Burden
(MEB) of distortionary taxes used to finance public goods provision. Ballard et al. (1985) develop an
economy-wide CGE model of the U.S. economy with various categories of taxes. They find that public
projects must produce marginal social value of above 17% to 56% the sector’s economic value to improve
well-being. The range depends on the domain of the elasticities, as we also show. Brent (2003) uses a
partial equilibrium analysis of the U.S. economy. By varying the tax system, he lowers state financial
responsibilities for mental healthcare and raises it for the federal government and finds that state-level
MEBs are around 16.4% to 28% (with range depending on which US states). Ballard et al. (1985) and
Brent (2003) argue that many projects accepted (rejected) by government agencies, based on cost-benefit
analysis, could have been overturned had they considered the MEB of distortionary taxes. We make a
similar point here and emphasize the importance of our finding to public policy.

Pashchenko and Porapakkarm (2013) simulate the introduction of the Affordable Care Act with a
heterogeneous agent CGE model. They estimate an ex ante gain of 0.64% in annual consumption, most of
it from the redistributive policy reform that subsidizes insurance coverage which mainly benefits low-
income households. Such a policy would lower the number of uninsured people from around 20% to 9%.
However, a reform without subsidized coverage will have limited welfare implications. In Israel, the
regulated healthcare system requires 100% coverage of the same health basket, funded by a designated
health tax. This goes much deeper than the Affordable Care Act. In comparison, we calibrate an ex post
social value of at least 1.7% of private consumption (Table 3).

Finally, by dividing the social value by the Israeli population in 2012, we estimate the willingness-
to-accept (WTA) value to forgo the regulated system at USD 472 per capita (PPP 2019, from Table 3). In
comparison, using a traditional contingent valuation study, Al-Hanawi et al. (2018) collect data from a
pre-tested interviewer administered questionnaire and analyzes a Tobit regression model. They estimate
the willingness-to-pay (WTP) for a national health insurance scheme in Saudi Arabia, at around USD
160 per capita. The literature is clear on the discrepancy between WTP and WTA, whereby WTP tends
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to be three times smaller than WTA (Whynes and Sach, 2007; Grutters et al., 2008; Martin- Ferndndez
et al., 2010). We are therefore similar in magnitude to Al-Hanawi et al. (2018).

5.2 The role of social value and policy implications: optimal Pigouvian
taxation

As discussed, the recent Israeli trend to dampen market liberalization and strengthen public healthcare
services, despite the economic distortions this creates, demonstrates society’s internalization and
adjustments to target social value.

But why do we care about quantifying the social value for policy analysis? Pareto-suboptimal
allocation arise when externalities cannot be marketed or internalized (Arrow, 1963; Ojo, 1991). A
market mechanism that could be made to internalize social value would be better-off and outperform a
regulated system by gaining from efficient resource allocation. For a mixed public-private healthcare
system, Glied (2008) suggests levying a “second-best” Pigouvian tax on private healthcare finance to
partially fund the public sector and minimize the negative fiscal externalities imposed on it. In this
way, society internalizes the negative externalities, while enabling private consumers to continue
purchasing private healthcare and benefit from efficient resource allocation. The tax would reduce the
transfer inequality onto complementary services and a degree of equality would be preserved. It would
also generate revenues earmarked for increasing health services available to public services, without
requiring new distortionary taxes.

Using an over-the-envelope calculation of Canada, Glied (2008) estimates the tax at around 30%,
which would depend on the extent of inequality in healthcare consumption viewed as acceptable,
assumptions about rates of participation in the private sector, and the rate of growth of private and
public healthcare financing. This would ensure that the average spending by private purchasers would
never be more than 30% higher than the average spending by non-purchasers.

With our new estimate of social value, we can now “properly” simulate such a policy using general
equilibrium that internalizes social value. We use the calibrated indifference E*=NIS 13.2 bln (from
Table 3) and randomly sample g, and o; using a Monte-Carlo framework. We simulate the liberalization
of the healthcare system, levy a second-best tax on private healthcare consumption that rises from 0% to
30%, and transfer the tax revenues directly to the GHS to support public healthcare financing. For each
tax increment, the model is simulated 3000 times.

The continuous line in Figure 7 shows our results. First, when liberalizing a mixed public-private
system, without any Pigouvian tax, well-being falls by 1.1% relative to the current regulated system.
(The figure also provides the 99% CI around each point.) We then search for the optimal second-best
policy and find that for the Israeli case, the optimal tax is a 15% on private. Furthermore, a non-optimal
(too high) tax would lower well-being because of the distortions it creates.

One important conclusion from this second-best policy is that liberalization would only bring well-
being nearly back up from below. If the true social value is much higher, the optimal tax would need to
be increased because well-being drops further sharply. We therefore can conclude that the current
regulated system is weakly preferable to a second-best liberalization policy (which we do not recommend).
Recall that the likelihood of making a type I error (i.e., a false positive) is small since we initially used
conservative model parameters that raise the desirability of liberalization.

A second simulation examines a “first-best” policy in which public healthcare production is
subsidized through a non-distortionary lump-sum transfer from households. As shown by the broken line
in Figure 7, without a mechanism to reallocate funds, well-being declines by 1.1% following market
liberalization. This highlights the need for a public healthcare subsidy to preserve well-being during
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liberalization. Furthermore, as predicted by public economics theory, well-being could surpass the
regulated scenario by implementing an optimal subsidy. In the Israeli case, this first-best optimal subsidy
should be approximately 15%, in addition to the current tax regime.

Finally, note that if the true social value is significantly higher than the minimum value used, the
optimal tax would need to be raised to sustain the improvement in well-being. Otherwise, well-being could
decline below the level of the baseline regulated system. Further research is needed to assess the
likelihood of a type Il error (i.e., a false negative) before we can categorically support or oppose this type
of policy in practice.

Figure 7: Optimal taxation in a liberalized healthcare system: first-best vs. second-best policies (%)
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The figure shows the change in well-being (and 99% CI) of a market liberalization policy relative to the regulated
system, with varying levels of Pigouvian taxes.

6 Discussion and policy recommendations

Our study investigates the possibility of combining a private system, which benefits from efficiency
gains, with a subsidy for public production to capture positive externalities that we call social value.
Two financing mechanisms are explored: (i) implementing a dedicated tax on the private healthcare
system to reallocate resources to the public system, thereby enhancing social value benefits, and (i1
funding the subsidy through non-distortionary tax collections.

The analysis reveals that deregulation of the healthcare system must be accompanied by taxation
measures to mitigate social-welfare losses. Without taxation, well-being falls. And with higher taxation,
well-being improves but up to a point. The optimal tax and subsidy rates are 15%.

Based on these conclusions, the primary policy implication is that if parts of the healthcare system
are liberalized, dedicated healthcare taxes must be introduced to restore social welfare to the economy.
Furthermore, the study recommends quantitatively evaluating the efficiency gains from privatizing
specific segments of the healthcare system against the potential welfare losses on a case-by-case basis.
For instance, we propose examining the possibility of establishing private hospitals in Israel using this
model. Our findings highlight several key points for policy makers:
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1. Pursue a mixed healthcare system: Instead of completely privatizing or keeping the system
entirely public, policymakers should target a mixed model that allows both public and private
healthcare providers to coexist. This could help capture efficiency gains from the private sector

while maintaining a strong public safety net.

2. Strengthen public-private partnerships: The government could incentivize and facilitate
partnerships between public and private healthcare providers. This could involve contracting out
certain services to private providers while maintaining public funding and oversight to ensure

accessibility and social values are upheld.

3. Implement targeted privatization: As mentioned in the recommendations, policymakers
could privatize specific segments of the healthcare system where efficiency gains are likely to
outweigh potential welfare losses. This could include areas like elective procedures, diagnostic

services, or ancillary services.

4. Enhance regulatory oversight: If privatization measures are pursued, it will be crucial to
establish robust regulatory frameworks to ensure quality standards, patient protection, and fair

pricing practices in the private healthcare sector.

5. Invest in preventive care: The study highlights the potential externalities of omitting
preventive care in a private system. Policymakers could allocate dedicated funding and resources
to strengthen preventive care programs, public health initiatives, and health education

campaigns within the public healthcare system.

6. Address healthcare workforce challenges: With potential shifts between public and private
sectors, policymakers should develop strategies to attract, retain, and fairly compensate
healthcare professionals in both systems, ensuring an adequate and well-distributed healthcare

workforce.

7. Conduct ongoing monitoring and evaluation: Given the complexities involved, it would be
advisable to continuously monitor the impacts of any healthcare policy changes, particularly on
access, equity, and overall population health outcomes. This could inform necessary adjustments
or course corrections.

7 Conclusion

It is difficult to pinpoint the optimal mix of public-private healthcare production and finance. Those in
favor of deepening the trend towards liberalization argue that it promises to improve efficiency and
enable supply to catch-up with demand. Others, however, believe that a regulated system must be
protected and expanded because it provides specific types of unmeasurable social value. Since the
social value of healthcare is non-marketed and hard to value, it is often neglected and therefore
misallocated from society’s point of view. Other sectors have similar issues that could be explored using
our approach, for example, education and transportation.

The paper demonstrates the importance of incorporating social value when analyzing mixed public-
private healthcare policy. For the Israeli case, our novel computational simulation calibrates social
value of at least 28% of healthcare expenditure by public finance, equivalent to a WTA of USD 472 per
capita in 2019 prices. Furthermore, in a liberalized dual system, the optimal tax is 15% tax on private
healthcare transferred to public healthcare or 15% subsidy on public healthcare funded by a non-

distortionary tax (in addition to the current tax regime).
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Finally, an interesting avenue for further research would be a reverse tactic to this paper whereby
countries with strong privatized healthcare in the baseline are simulated with deeper regulation in
the counterfactual. For example, some evidence shows that countries with stronger private market
financing, or underfunded public healthcare systems, exacerbated higher COVID infection and death
rates because uninsured citizens refrain from reaching clinics, or avoid losing working days to isolate at
home, which helped spread the disease (Duong et al., 2022; Galvani et al., 2022; Kim et al., 2022). Thus,
social value could be calibrated by finding countries who had introduced more healthcare regulations
post-covid.
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Internalizing Social Value in Healthcare:
Optimizing Policy in Mixed Public-Private Systems
An Online Supplementary Appendix

1

Erez Yerushalmi! and Sani Ziv?

A Further information on the model

A.1 Implementability constraints

As explained in the paper, to provide GHS as a free public services at point-of-contact, alongside
privately-financed healthcare, we apply Markusen (2012)’s computational method for providing a pub-
lic good.! We introduce two implementability constraints that adjust a distortionary, endogenous
(slack), health tax 7 and a slack variable G°, with unit shadow value of p¢,, that is endowed by house-
holds (shown in 9).

Computationally, we introduce two interlinked mixed complementarity problems (MCP)? that sum-

marize restrictions on achievable allocations within this distortionary tax system:

G°>0, G-G°>0, G°(G-G°)=0 (A.1)
7>0, pg—ps >0, 7(pe—pg) =0 (A.2)

whereby (A.1) links the healthcare supplied by GHS to the level endowed by households G¢.2 (A.2)
assigns an optimal health tax 7 that funds GHS, while matching the unit value of supply with the
shadow value of endowment.*

In other words, the level of health tax collected and the level of the delivered GHS services are such
that households maximize well-being W, while obtaining public services free-of-charge at the point of
services. We stress, again, that households do pay for public healthcare through their health taxes that
create economic distortions, i.e., they are levied on private goods consumption but not on the public
goods that supply GHS. As a cross-check, when applying this model to Israel, 7 endogenously comes
out to be the value observed in the data.

Importantly, because there is only one household, we do not need to consider the marginal utility of
the public good for each specific household, i.e., Lindahl pricing and the Samuelson rule are trivial in
our case. Developing a heterogeneous household model would have required additional assumptions,
but without adding much insight for calibrating the social value.

ICorresponding Author: Associate Professor in Economics, Birmingham City University, Business School,
Erez.Yerushalmi@bcu.ac.uk, https://orcid.org/0000-0002-9421-9067.

2Academic College of Tel Aviv-Yaffo, Israel, sani.ziv@gmail.com, https://orcid.org/0000-0002-9526-8020.

1Discussed originally by Manning et al. (1985); Chipman (1970) and Kaizuka (1965).

2MCP enforces that for variables z and y, the following conditions hold: z > 0, y > 0, = -y = 0.

31t imposes that that if G¢ > 0 then G — G¢ = 0. Else, if G¢ = 0 then G — G¢ > 0, i.e., the constraint is non-binding.
41t imposes that if 7 > 0, then pg — pg = 0 and GHS has a positive budget with which it pays for proving healthcare services

G > 0. Else, if 7 = 0, then pg — p, > 0 and public healthcare is not created in (A.1), i.e., G = 0 because the unit value of public
healthcare is too high.
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A.2 Labor market

Below we provide more detail on how we computationally create the hypothetical labor market and
the free GHS service using mixed complementarity problems (MCP). Rutherford (1995) explains MCP
in detail, which is integrated into the the computer language GAMS/MPSGE. MCP enforces that for
variables z and y, the following conditions hold: >0, ¥y > 0, -y = 0.

Using MCP, we setup two mutually exclusive channels to transfer £ units of labor from one sector
to the other.

(A.3)

£pu~>pr Z 07 Wpy — Wpr Z 07 Epu—)pr (wpu - wpr) =0
Lpr—pu = 0, Wpr — Wpy > 0, Lprospy (Wpr — Wpy) =0 (A4)

with w,, and w,, the real wages for the public and private sectors, respectively. In the baseline, total
costs are set to unity, so wages are in real terms.

When (A.3) is enabled, £,,—,,» > 0 workers move from the public to the private sector, up to the
point where public and private unit wages are equalized, w,, = w,,. However, if w,, > w,, (.e., a
strict inequality), the activity goes slack £,,_,- = 0 and (A.4) becomes an active channel. Workers
would move from the private to the public sector. Post-liberalization, the market clearing condition is
updated to >, [; = >, I and wy,, = wp,.

A.3 Resource balance

Finally, we summarize the resource balance (supply on left - demand on right):

k=> ki (A5)
yP’U« = Cgu + C;Lu (A6)
yPT = Cgr + CZT (A7)
Yot = CZt + Zyj,ot (A.8)

J

In (A.5), households supply capital k that is demanded as inputs by the sectors. Households also
supply a sector specific labor /; in the baseline (i.e., trivially I; = [, and therefore not shown), which
becomes mobile in the liberalization scenario. (A.6) shows that public healthcare production y,, is
demanded by publicly-financed healthcare g, and privately-financed healthcare ). Similarly, (A.7)
shows that private healthcare production y,,. is demanded by publicly-financed healthcare cj, and
privately-financed healthcare c’;T. (A.8) shows total supply of non-health goods y,; demanded as final
or intermediate goods.

B Calibrating substitution elasticity o,

To calibrate the substitution elasticity between health and other goods, o1, we use a method outlined by
Shoven and Whalley (1992) and Perroni and Rutherford (1995) for any generalized nested-structure.
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o1 is located in the second-level nest of the utility function (see Figure 3 of the paper), and can be
approximated by the compensated demand price elasticity for health ¢ (obtained from the literature)
and the cost shares 0 (obtained from the Health SAM).

At the baseline, we calibrate input prices and total expenditure to unity. The demand for health is
therefore scaled by

H = py"'plio " rif H

with py, pro and py the baseline values for health, H, sub-aggregate health and other goods, HO, and
utility U (respectively). An over-bar, [J, indicates values at the benchmark.

The derivative of the demand for health with respect to its price (at the initial allocation point
where all prices are unity) is

oH dpHO opu | A

% lp=1= |—01+ (01 — 00) Opn +008pr H (B.9)

By Shephard’s Lemma, the derivative of the unit cost function with respect to input prices equals the

share of inputs at the benchmark calibration, as follows

Opuo _ ?HH __p,
OpH paH + poO
pu _ pWTiT/ _ 4,
Opg  puU

Note that O is the value for other goods, with po its price. 8; and 6, are obtained from the Health SAM.
Combining the above with Equation (B.9), obtain

oH _
. lp=1=[—01 + (01 — 00) 61 + 00bo] H
PH

Define the compensated elasticity of demand as € |,—1= ai% PZ . and therefore

€ [p=1= [—01 + (01 — 00) 01 + 00b0]
Finally, solving for for o yields

€+ og (91 —6‘0)

(61— 1) "

g1 =

C Israel’s 2012 Health Social Accounting Matrix

As explained in Section 4.1 of the paper, the model is set to a health focused Social Accounting Ma-
trix (SAM) for Israel 2012, which has four sectors (Table 4). The matrix documents the financial
transactions between agents in the economy with rows reporting for income (receipts) and columns
expenditures (payments). The detailed SAM is provided in Table 5.
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Table 4: Health social accounting matrix for Israel, 2012

v
h

= = D] © < = — 72} = c O D D T = =
S £ P OgEEZE E §F 2 OTEFH ¢ ¢ OF OFEE O
@ @ S 6l 23 58 ° 2 o E o E © © @ <| £ E s s
= = S o 5 < oo e D c < 1= = >0
© o = o 2 = S O 3 5 58 =] 0 S < ® P Y=
= = = of 5 S 8 3 £ 28 S 2 o] LI 0 > °
S = 58 =2 < =] 2 0 B S = T £ ]
2 S £ 5 = 4 T 3 S @ 3
a o & - S o
< o
=T <4
Code Industry o
187,190 Private health 1,075 13,022 9 1,049 14,094 60 29,310
188,189 Public health 25 10,857 - 402 2,447 46,796 1,069 61,597
82 Pharma industry 2,049 12,769 5,232 10,866 11,755 1,982 30,088 74,741
allother_Other goods 5674 1761 33425 895286 526,939 176,034 208,245 (18,467) 1,828,899
Labor private health 10,664 10,664
Labor public health 18,766 18,766
Labor other 7,075 453,403 (26,769) 433,709
Capital 6,148 1437 29,121 309,380 346,086
Households 10,664 18,766 433,709 346,086 116,391 15,639 941,255
Government 1,948 60,460 104,589 149,259 13,746 330,002
Gov health services 46,796 46,796
Production Taxes 1,122 2,985 (122) 56,475 60,460
sales Taxes 2,553 102,036 104,589
Income tax 148,158 1,101 149,259
Health tax 46,796 46,796
Savings-investment 189,118 37,577 (16,468) 210,227
Rest of world 0
Total 29310 61,597 747411828899 10,664 18766 433,709 346,086 941,255 330,002 46,796] 60,460 104,589 149,259 46,796 210,227 0

Source: CBS (2015, 2018, 2021) and authors arrangement.

Following national accounting rules, the SAM in Table 4 shows that the GDP for 2012 was indeed
NIS 1001 million (mln). In the paper, Table 1 summarizes the following information: Total health-
care production (excluding Pharma industry) stood at NIS 64 billion (bln), around 6.4% of GDP which
corresponds with CBS’ published data. Total health production has two elements: Public sector pro-
duction stood at 2,447+46,796+1,069 = mln 50,313 NIS, around 78% of total health production. Private
healthcare stood at 14,094+60 = mln 14,155 NIS, around 22% of total.

Similarly, total healthcare financing was mln 63,337 NIS and has two elements: Public healthcare
financing stood at mln 46,796 NIS, around 74% of total financing. Private financing was 14,094+2,447
= mln 16,541 NIS, around 26% of total financing. This includes all out-of-pocket and premiums for

supplementary and commercial healthcare.
Table 5 is the detailed Health Israel SAM with 6 sectors:

(1) Manufacture of pharmaceutical products for human and veterinary uses (industry code 82)

(2) Health services - general government non-profit institutions (industry code 188)

(3) Health services - general government (industry code no 189)

(4) Health services - private non-profit institutions (industry code 187)

(5) Health services - private commercial (industry code 190)

(6) All other industries
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trix, 2012

ing ma

Detailed health social account

Table 5

Short PHARMA HMO GE-GOV _ Commercial Private NP-O Other PHARMA  HMO GE-GOV Commercial  Private NP-O  Other
A1 A2 A3 A4 A5 A6 c1 c2 C3 c4 C5 c6 T™M T™_M F F H G TAX s R
Industry Factors ~ Factors Savings-  Rest of
code 82 188 189 190 187 Ot 82 188 189 190 187 ot (lab) (cap) Households Government [Tax investment  world total
Pharma industry, medical
A1 82 supply and equipment 28,301 302 28603.053
Health services, general
government non-profit
A2 188 institutions 39,479 513 39,991
Health services, general
A3 189 government 20,687 - 20,687
Health services, private
A4 190 non-profit institutions 17,950 33 17,983
z Health services, private
2 A5 187 commercial 8,338 - 8,338
2 A6 Ot All other industries 302 513 - 33 - 1,743,959 1,744,807
Pharma industry, medical
c1 82 supply and equipment 5,309 4,436 986 559 311 1,526 - - 4,991 - - 842 21,661 40,621
Health services, general
government non-profit
c2 stitutions - 3,408 2 24 91 - - 1,320 35,099 - - 49 39,991
Health services, general
Cc3 189 government - 6,501 948 - - 311 - - 1,128 11,697 - - 102 20,687
Health services, private
z Cc4 190 non-profit institutions 4 7,377 1,586 1,042 26 873 - - 10,058 - - - 104 21,070
3 Health services, private
m Cc5 187 commercial - 2,430 1,628 7 - 183 - - 4,036 - - - 54 8,338
3 Cc6 Ot All other industries 9,485 5,681 2,509 4,589 1,827 900,296 1,900 3,098 533,703 176,034 - 209,386 347,019 | 2,195,526
Trade T™M_E 1,900 - - - - - 1,900
margins T™_M - - - - - 3,008 3,098
F Factors (Labour) 2,708 10,875 7,891 6,067 4,597 457,771 29,656 519,564
Factors Factors (Capital) 11,145 808 629 5,391 757 327,357 346,086/
H Households 463,139 346,086 116,391 23,836 949,452
G Government 1,948 314,308 14,818 331,074
T Taxes (47) 1,884 1,102 327 795 56,400 1,232 - - 2,553 - 100,804 148,158 1,101 314,308
s Savings-investment 235,916 (9,219) 226,697
R Rest of world 8,886 - - 534 - 346,817 56,425 8,197 1,071 16,468 438,398
Total 28,603]  39,991] 20,687] 17,983 8,338 1,744,807  40,621] 39,991 20,687 21,070] 8,338] 2,195,526] 1,900]  3,098] 519,564] 346,086 949,454] 331,074 314,308]  226,695] 438,398
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Table 6: Main results, real terms (million NIS)

Baseline Derugalaton (externlity = 0)

Level Level Change from Level Change from Level Change from

min NIS| miln NIS % diff] mIln NIS % diff] min NIS % diff
Substitution elasticity between
private and public healthcare 2 5 10
Public consumption of Public
healthcare production 46,796 44,684 -4.5% -2,113[ 40,684  -13.1% -6,112] 33,729 -27.9% -13,067
Private consumption of
Private healthcare production 14,094 19,061 352% 4,967 26,893 90.8% 12,799 38,793 175.2% 24,699
Private consumption of Public
healthcare production 2,447 2,350 -4.0% 97| 2,261 -7.6% -186 2,270 -12% 177
Private consumption of
Pharma 11,755 12,254 4.2% 499 12,963 10.3% 1,208 13,962 18.8% 2,207
Total private health
cosumption 28,296| 33,665 19.0% 5,369| 42,118 48.8% 13,822| 55,025 94.5% 26,729
Total health cosumption 75,092| 79,209 55% 4,116 85,157 13.4% 10,064 93,690 24.8% 18,597
Total other consumption 526,939| 524,591 -0.4% -2,348( 521,228 -1.1%  -5,710| 516,745 -1.9% -10,194
Total consumption 796,985| 798,387 0.2% 1,402| 800,167 0.4% 3,182 802,661 0.7% 5,676

Note: The table provides detailed results (in real terms) of the counterfactual and baseline simulations. The table excludes the social value of
public healthcare.

D Further details of results

Table 6 provides further results (in real terms) on the changes to consumption (expenditure) for the
various sectors. Column 1 provides the baseline levels, while columns 2 through 4 report results for
varying degrees of substitution elasticity between private and public healthcare goods (i.e., for o}, = 2,
5 or 10 in equation 8 of the paper). Note that the externality associated with healthcare is not yet
accounted for, i.e., E° = 0.

Table 7 reports the same data in nominal terms which accounts for the decline in the prices of
healthcare. Thus, although total health consumption in real terms rises, the total expenditure in
nominal terms remains stable at around 7.5% to 7.6% of GDP. The share of private financing rises
to 49% (given elasticity of 5) compared to 38% in the baseline and reflects the sharp rise in private
healthcare consumption. The decline in the public finance on health means reduction in the health
tax rate. Currently, the average healthcare tax rate is 8.4% which amounts to around NIS 46.8 billion
(i.e., 4.7% of GDP). In the liberalization simulations, the health tax rate drops to 6.8% - a fall of 17.6%,
and the amount of health tax collected drops to NIS 38.6 billion. Income tax rate (net of healthcare
tax) remains fixed at 26.7% throughout the various simulations, but the amount of tax collected rises
by 2.3% due to income growth.
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Table 7: Main results, nominal terms (million NIS)

Baseline Derugalaton (externlity = ()

Level Level Change from Level Change from Level Change from

min NIS[ mIn NIS % diff] mln NIS % diff] mln NIS % diff
Substitution elasticity between
private and public healthcare 2 5 10
Public consumption of
Public healthcare
production 46,796| 44,962 -3.9% -1,834] 38,574 -17.6% -8,222| 29,453 -37.1% -17,343
Private consumption of
Private healthcare production 14,094] 16,161 14.7% 2,067 22,056 56.5%  7,962| 30,384 115.6% 16,289
Private consumption of Public
healthcare production 2,447 2,364 -3.4% -83] 2,144 -12.4% -303 1,982  -19.0%  -465
Private consumption of
Pharma 11,755] 12,333 4.9% 578 13,222 12.5%  1,467] 14,503 23.4% 2,748
Total private health
cosumption 28,296| 30,859 9.1% 2,562| 37,423 323%  9,126| 46,869  65.6% 18,573
Total health cosumption (net
taxes) 75,092 75,821 1.0% 728 75,997 1.2% 905 76,322 1.6% 1,230
Other consumption 526,939 527,537 0.1% 599( 530,605 0.7% 3,666 534,930 1.5% 7,991
Total consumption (net of
taxes) 602,031| 603,358 0.2% 1,327 606,602 0.8% 4,571 611,252 1.5% 9,221
Income tax revenue 148,158 149,001 0.6% 843| 151,571 2.3%  3,414| 155,246 4.8% 7,088
Health tax revenue 46,796| 44,962 -3.9% -1,834] 38,574  -17.6% -8222| 29453 -37.1% -17,343
Total Consumtpion 796,985| 797,321 0.0% 336] 796,748 0.0% -237] 795,951 -0.1% -1,034
income tax rate 26.7% 26.7% 26.7% 26.7%
health tax rate 8.4% 8.1% 6.8% 5.1%

Note: The table provides detailed results (in nominal terms) of the counterfactual and baseline simulations, used to calculate the average health

tax.
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D.1 Additional Sensitivity analysis

We furthermore test alternative values for 0.25 < o; < 3, while holding all else equal. Figures 8 to 11
show a convergences as o rises, and that the model well behaved.

As o0, rises, Figure 8 shows that the real expenditure on healthcare goods increases while it de-
creases for other good. As Figure 9 shows, the weighted price of private and public healthcare falls
(relative to the baseline), which raises the overall demand for healthcare goods. This coincides with an
increase in healthcare production due to a greater increase in the production of private healthcare and
a small fall in the production of public healthcare (see Figure 10). Finally, Figure 11 shows a rise in the
number of health-labor employees that migrate from the public to private rises. It furthermore shows
that welfare (i.e. total consumption expenditure) rises in the deregulated healthcare system (relative
to the regulated baseline scenario) because the economy is more efficient and resource are allocated
more efficiently. The main point in the paper however is that this conclusion might be wrong, and that
well-being might fall when we do not internalize the net social value that healthcare creates.

Figure 9: Change in prices after liberalization (baseline

Figure 8: Real expenditure (NIS mln 2012) prices = 1)
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The figure shows the simulated change in public and private healthcare prices after liberal-
The figure plots the real expenditure on healthcare and other goods. As the substitution ization relative to the baseline. Private healthcare becomes relatively cheaper compared to
elasticity between them rises, real expenditure on healthcare rises and falls for other goods. public healthcare. The overall prices of healthcare falls relative to baseline.
Figure 11: Well-being and the number of healthcare
Figure 10: Healthcare output (baseline output = 1) employees rise
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The figure shows that the higher the substitution elasticity between healthcare and others,
The figure plots the change in private and public output (production) relative to the baseline. the larger the number of employed workers will shift from the public to private healthcare.
As the substitution elasticity rises, private production rises and public production falls. Welfare rises as the substitution elasticity rises.
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E The GAMS code

Below is the GAMS code for the simulation. All data in excel format can be obtain upon request.

scalar DocTrade Scalar flag for health rights trade /0/;

*

* Defines the various sets in the model
*

SETS I MATRIX ACCOUNTS /Num_doc, Rel_Wage, Pri_H, Pub_H, Other, L_Pri, L_pub, L_oth, K,
HH, gov_health, tax_health_N/

a(i) activities /Pri_H, Pub_H, Other/
f(1) factors /L_Pri, L_pub, L_oth, K/
1(1) labour /L_Pri, L_pub, L_oth/
h(i) households /HH/

;

ALIAS (i,3), (a,aa);

*

* LOADS the Social Accounting Matrix (SAM)
*

$CALL GDXXRW SAM_basic.xlsx O=sam par=SAM rng=SAM_v10!B17:N27 Cdim=1 Rdim=1

$SGDXIN sam.gdx

Parameter

SAM (1, j) balanced matrix;
SLOAD SAM

SGDXIN

parameter number /1/;

SAM (i, j) = SAM(i, j) /number;

display SAM;

* Define sub-matrices

*

PARAMETERS

YO0 (a) Base year output

Int0 (a,aa) Demand for Intermediate inputs by firm a

LDO (1, a) Demand for Labor by firms of worker type 1

KDO (a) Demand for Capital by firm

CO (a) Demand for consumption

CTO Total Household Expenditure

LSO (1) Labour supply Endowment

KSO Capital Supply Endowment

G_healthO Government provision of healthcare

G_ho0 (a) Government demand for healthcare (which is equivallent to provision)
health_tax_rev0 Total tax health revenue collected from household
tax_healthO BASELINE health tax

tax_health COUNTERFACUTAL health tax

HHO Transfer from household to household
sub_health substitution between private and public health products
sub_oth_health Substitution between other and health products
PLO (1) Baseline Wage Rates

Num_docO0 (1) Baseline number of health labor units

*

YO0 (a) = sum (i, SAM(i,a));

INTO (a, aa) = SAM(a,aa);

LDO (1, a) = SAM(1,a);

KDO (a) = SAM("K",a);

LSO (1) = SAM("HH",1);

KSO = SAM("HH", "K");

G_ho0 (a) = SAM(a, "gov_health");

G_healthO = sum(a,G_h0(a));

co(a) = SAM(a, "HH");

HHO = SAM("HH", "HH") ;

CTO = sum(a,C0(a));

health_tax_rev0 = SAM("tax_health_N", "HH");

tax_healthO = health_tax_rev0/CTO;

tax_health = tax_healthO;

sub_health = 3;

sub_oth_health = 0.2;

PLO (1) = SAM(1, "RE1l_Wage");

Num_docO0 (1) = SAM (1, "Num_doc");
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Parameter
externalityO (a)
externality (a)

7

externality(a) =
display YO,

parameters
tax_exter (a)
i

tax_exter (a)=1;

Sontext
$model:health

$sectors:
Y1 (a) !
Y2 (a) !
C !
UTIL !
DOClS$DocTrade
DOC2$DocTrade
G_s !

Scommodities:
PY1 (a) !
PY (a) !

P_exter(a)$ (externality (a)>0) !

PL (1) !
PK !
PC !
PU !
PG_s !
PG_d !

$consumers:
HH !
GOV_inc !

SAUXILIARY:
LGP
tax_health_N

baseline externality made by eacy sector /Pub_H 0,
counterfactual

externality,
health_tax_rev0,

Pri_H 0, Other 0/

externalityO(a);

INTO, CTO

HHO,

DO,
G_ho ,

PLO, KDO, KSO, INTO,
G_healthO, Num_docO;

co, ,tax_healthoO,

hundred percent externality tax

Production
Production with externality
Economic Consumption (utility)
Well-being level

! Doctors transfers - pri to pub

! Doctors transfers - pub to pri
Production of Government Health Services

before externality

(GHS)

Price of output

Price of output after CET of externality

Shadow price of externality
wage

rent on capital

Consumer price index of private goods

CPI of Well-Being

Price of GHS

Price of endowed GHS viewed by households

Representative household
GHS

! Endogenous Level of government provision (Markusen 2012)

! Endogenous tax on consumption

* Hypothetical labor market - ON-OFF
$prod:DOC1l$DocTrade

0:PL("L_Pub")
i:PL("L_Pri"

$Sprod:DOC2$DocTrade

o0:PL("L_Pri")
i:PL("L_Pub")

:0.9999
01

*production of public health

Sprod:Y1 (a) s:0 sl(s):1
0:PY1 (a) q:Y0 (a)
i:PY (aa) q:INTO (aa, a) s:0
i:PL(1) g: (LDO(1l,a)/(PLO(1l))) P:(PLO(1l)) sl:
i:PK q:KDO (a) sl:
*CET production of the externality
Sprod:Y2 (a) t:0
0:P_exter (a)$ (externality (a)>0) q:externality (a) a:HH t:tax_exter (a)
0:PY (a) q:Y0 (a)
i:PY1l(a) q:Y0 (a)

* Government supplies healthcare services

SPROD:G_s
O:PG_s
i:PY ("Pub_H")
i:PY("Pri_H")

$prod:C
0:PC
i:PY("Pri_H")
i:PY("Pub_H")
i:PY("Other")

s:sub_oth_health

s:sub_health
q: (G_hO ("Pub_H")

+ G_hO("Pri_H")
q:G_hO ("Pub_H")
q:G_hO ("Pri_H")

s_hl(s) :sub_health
+ health_tax_rev0 )

g: (sum(a, (CO(a)))+G_healthO

q:CO("Pri_H") P: (1l+tax_healthO) s_hl: A:GOV_inc N:tax_health_N
q:CO ("Pub_H") P: (l+tax_healthO) s_hl: A:GOV_inc N:tax_health_N
q:CO ("Other") P: (l+tax_health0) A:GOV_inc N:tax_health_N

10
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1:PG_d g: (G_hO ("Pub_H") + G_hO("Pri_H")) s_hl: ! Household gets for free

Sprod:UTIL s:0.1

0:PU q: (CTO+G_health0 + sum(a,externality(a)) + health_tax_rev0 )
i:P_exter (a)$ (externality(a)>0) q:externality (a)
I:PC q: (CTO+G_healthO0 + health_tax_rev0

$demand: HH

d:PU

e:PL (1) q: (LSO (1) /PLO (1)) ! endowment of real people because value/wage
e:PG_d g: (G_hO("Pub_H") + G_hO("Pri_H")) R:LGP

e:PK g:KsS0

e:PU q:HHO

* Gov collects health tax and demands government services
Sdemand:GOV_inc

d:PG_s q: (G_hO ("Pub_H") + G_hO("Pri_H"))
* gov produces a services which is given free to households by making them endowed with it endogenously
SCONSTRAINT:LGP

LGP =E= G_s;

% Unit cost of GHS equals unit cost of GHS endowment
SCONSTRAINT:tax_health_ N
PG_s =E= PG_d;

SREPORT:

V:C_pri 1i:PY("Pri_H") PROD:C
V:C_pub i:PY("Pub_H") PROD:C
V:C_other 1i:PY("Other") PROD:C
V:Ctot O:PC PROD:c
V:Utot O:PU PROD:UTIL
V:G_pri i:PY("Pri_h") PROD:G_s
V:G_pub i:PY("Pub_h") PROD:G_s
V:G_tot i:PG_d PROD:C
V:G_tot2 i:PG_s PROD:G_s
V:DOC_Movl O:PL("L_Pub") PROD:DOC1
V:DOC_Mov2 O:PL("L_Pri") PROD:DOC2
V:Lab_all(l,a) i:PL (L) PROD:Y1 (a)
V:Cap_all (a) I:PK PROD:Y1 (a)
V:val_exter (a) 0:P_exter(a) PROD:Y2 (a)
Sofftext

LR R R RS S S S SRS R EREEEEEEEEEEEEERESS

* elasticities

sub_health = 3;

sub_oth_health = 0.2;

RS RS SRS RS RS EEEEEEEEEEEEEEEEEEEES

$sysinclude mpsgeset health

option decimals = 2;

PU.FX=1;

Yl.L(a) = 1; Y2.L(a) = 1; C.L =1;

UTIL.L = 1; G_s.L = 1; PYl.L(a)= 1;

PY.L(a) = 1; P_exter.L(a)=1; PL.L(1l) = 1;

PK.L 1; PC.L = 1; PU.L = 1;

PG_s.L = 1; PG_d.L = 1; LGP.L = 1;
tax_health_N.L = health_tax_rev0/ (CTO);

R R R S R

* baseline

* no trade between private and public doctors

* externality is zero

tax_health_N.L = health_tax_rev0/ (CTO);
PL.L("L_pri") = PLO("L_pri");

LGP.L = 1;

DocTrade = 0;

tax_exter (a)=1;

health.iterlim = 1000;

$include health.gen
solve health using mcp;

11
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dhkkkhkhkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkrxhkrkhkhkhkhkhkkkhkkkhkkkk

* Private and public doctors can move around

* externality is zero

* utility rises, PUBLIC Healthcare falls, PRIVATE healthcare rises

LGP.L = 1;
tax_health_N.L = health_tax_rev0/ (CTO);

DocTrade = 1;

health.iterlim = 8000;
$include health.gen
solve health using mcp;

hhk kA kA Ak Ak rkhkhkhkhkhkhkhkhhkhhkhhkhhkhkhkhkhkhkhkhAxrrrhkrhkrhkhhkkhkk
* Private and public doctors can move around

* externality is positive

* public doctors move to private

« Higher baseline externality lowers wellbeing
DocTrade = 1;

tax_health_N.L = health_tax_rev0/ (CTO);

LGP.L = 1;

externality ("pub_h") = 4.5;

$include health.gen

solve health using mcp;

* Sofftext

* Sexit

*

* All model RUNS

*

set scall Scenarios /level, base, scl*scl000000/
scbase (scall) Baseline /base/
c(scall) SCENARIOS TO BE RUN /base, sclxscb6/

hok ok ok ok kkkhkkkkhkhkkkkhkhkkkhkhkkkkkhkkkkhkkkkhhkkkkhhkkkkkkkkhkkkkkk ko hokk ok ok dkokk ok kok ok ko kokk ko kok ok ok Kok ok ok ok Kok ok ok Kk ok ok ok Kok ok ok ok ok
* REPORTING STARTS HERE

Kok khkkkhkkhkhkhkkkkkkkkkkkkhkhkhkkhkhhkkhkkkkkkkhkhkkkkkkkkkhkkhkhkkhkhkhkkhkkkkkkkkkkkhkhkkkhkkhkkhkkkkkkkkkkkkk k%

parameter

Y1l_sc(a, sc) Output level without externality
Y2_sc(a,sc) Output level with externality
C_sc(sc) Consumption level

Util_sc(sc) Utility level - includes externality
G_sc(sc) Government healthcare services

PY1_sc(a, sc)
PY_sc(a, sc)
P_EXTER_sc (a, sc)
PL_sc(l,sc)
PK_sc(sc)
PC_sc(sc)
PU_sc(sc)
PG_sc(sc)
PG_U_sc(sc)
HH_sc(sc)
GOV_inc_sc (sc)
Tax_health_sc(sc)

C_Pri_sc(sc) Household consumpton of private health
C_Pub_sc(sc) Household consumpton of public health
C_Oth_sc(sc) Household consumpton of other
G_Pri_sc(sc) Household consumpton of private health
G_Pub_sc(sc) Household consumpton of public health
C_tot_health_sc(sc) Household total cons of health
G_tot_health_sc(sc) Gov total cons of health

Doc_movl_sc(sc)
Doc_mov2_sc(sc)

Lab_all_sc(1l,a,sc)
Cap_all_sc(a, sc)

sub_health_sc (sc) substition elasticity for health products
sub_oth_health_sc(sc) substitution elasticty between other and health products
externality_sc(a, sc) externality

val_exter_sc(a,sc) Value of externality

12
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Ctot_sc(sc)
Utot_sc(sc)

RESULT (%, *, %, %) Main Table with Aggregate Results

7

Kok khkkkhkkhkkhkhkkkkkkkkkkkkhkhkhkkhkkhkkhkkkkkkkkkkkkkkkkkkkkk Kk ***

loop (sc,
* re—initialize baseline
tax_health_N.L = health_tax_rev0/ (CTO);
PL.L("L_pri") = PLO("L_pri");

LGP.L = 1;
DocTrade =
tax_exter (a
Y1l.L(a)
UTIL.L =
PY.L(a)
PK.L
PG_s.L

; Y2.L(a)

; G_s.L

; P_exter.L(a
; PC.L

; PG_d.L

; C.L =
; PYL.L(a)

O.
)
= 1
= 1
=1; PL.L(1)
1
1

Il
O

Il
=R R e e

; PU.L =
; DOC_mov2.L =

LGP.L = 1;
tax_health_N.L = health_tax_rev0/ (CTO);

DocTrade = 1;
tax_exter(a)=1;
KAk hkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkkhkkkhkkkhkhkkkkxk

sub_health = 3;
sub_oth_health = 0.2;
Sontext

if (scbase (sc
DocTrade = 0;
externality ("pub_h") = 0;
tax_health_N.L = health_tax_rev0/ (CTO);
LGP.L = 1;

)i

)

externality ("pub_h") = 0 + 1x(ord(sc)-1);
if (scen(sc),

DocTrade = 1;

tax_health_N.L = health_tax_rev0/ (CTO);
LGP.L = 1;

)i

Sofftext

* Sontext
externality ("pub_h") = -1 + 1x(ord(sc)-1);

if (scbase(sc),
externality ("pub_h")
sub_health = 3;
sub_oth_health = 0.2;
DocTrade = 0;

else

DocTrade = 1;

)i

« $offtext

Kk kkkkkk ok ok ok kokokkokkkkk
PU.FX=1;

KA KK KKK K KKK KKK KK KKK

|
o

$include health.GEN
SOLVE health USING MCP;

ABORTS (health.OBJVAL > 0.001) "Model does not calibrate.

R R

* Placing scalars into time series
R SRS SRS RS EEEEEEREE R E RS EEEEEEEEEEEEEEES]

Yl_sc(a,sc) = Y1l.L(a);
Y2_sc(a, sc) = Y2.L(a);
C_sc(sc) = C.L;
Util_sc(sc) = Util.L;
G_sc(sc) = G_s.L;
PY1l_sc(a, sc) = PYl.L(a);
PY_sc(a,sc) = PY.L(a);

P_EXTER_sc(a,sc)= P_exter.L(a);

13
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PL_sc(l,sc) = PL.L(1);

PK_sc(sc) = PK.L;

PC_sc (sc) = PC.L;

PU_sc(sc) = PU.L;

PG_sc(sc) = PG_s.L;

PG_U_sc (sc) = PG_d.L;

HH_sc (sc) = HH.L;

GOV_inc_sc(sc) = GOV_INC.L;
Tax_health_sc(sc) = Tax_health_N.L;
sub_health_sc(sc) = sub_health;
sub_oth_health_sc(sc) = sub_oth_health;
externality_sc(a, sc) = externality(a);
val_exter_sc(a, sc) = val_exter.L(a);
C_pri_sc(sc) = C_pri.L;

C_pub_sc(sc) = C_pub.L;

C_oth_sc(sc) = C_other.L;
G_pri_sc(sc) = G_pri.L;

G_pub_sc (sc) = G_pub.L;
C_tot_health_sc(sc) = C_pri.L + C_pub.L;
G_tot_health_sc(sc) = G_pri.L + G_pub.L;
Ctot_sc(sc) = Ctot.L;

Utot_sc (sc) = Utot.L;
Doc_movl_sc(sc) = DOC_movl.L;
Doc_mov2_sc(sc) = DOC_mov2.L;
Lab_all_sc(l,a,sc) = Lab_all.L(1l,a);
Cap_all_sc(a, sc) = Cap_all.L(a);

* re—initialize baseline
tax_health_N.L = health_tax_rev0/ (CTO);

PL.L("L_pri") = PLO("L_pri");
LGP.L = 1;

DocTrade 0; tax_exter(a) 1;
DOC_mov2.L = 0; Yl.L(a) =1;
Y2.L(a) =1; C.L =1,
UTIL.L = 1; G_s.L =1;
PY1l.L(a) = 1; PY.L(a) =1;
P_exter.L(a) = 1; PL.L(1l) =1;
PK.L = 1; PC.L =1;
PU.L = 1; PG_s.L =1,
PG_d.L 1;

LGP.L = 1;

tax_health_N.L = health_tax_rev0/ (CTO);
)i

B R R R R R
* E N D LOOP
B R R R R R

* RESULTS TABLE

RESULT ("Substitution elasticity", "pri-pub-health","", sc) = sub_health_sc(sc);
RESULT ("Substitution elasticity", "other-health","", sc) = sub_oth_health_sc(sc);
RESULT ("Externality", "health", a, sc) = externality_sc(a,sc);
RESULT ("Output level before externality","Y1l",a,sc) = Y1l_sc(a,sc);

RESULT ("Output level including externality","Y2",a, sc) = Y2_sc(a,sc);

RESULT ("Consumption level - no externality","REAL","C",sc) = C_sc(sc);

RESULT ("Well-being level - with externality", "REAL","Util", sc) = Util_sc(sc);

RESULT ("Gov services level","REAL","G_s", sc) = G_sc(sc);

RESULT ("PY1 Price of output - before externality","PY1l",a,sc) = PY1l_sc(a, sc) ;
RESULT ("PY Price of output - including externality","PY",a,sc) = PY_sc(a,sc) ;
RESULT ("Labor Wage","PL",1,sc) = PL_sc(l,sc) ;
RESULT ("Price of Capital","","PK",sc) = PK_sc(sc) ;
RESULT ("Consumer Price Index - before externality","","PC",sc) = PC_sc(sc) ;
RESULT ("Consumer Price Index - including externality","","PU",sc) = PU_sc(sc) ;
RESULT ("Price index Gov Health Services","PG_s","",sc) = PG_sc(sc) ;
RESULT ("Price index HH endowed Gov Health Services","PG_d","",sc) = PG_U_sc(sc) ;
RESULT ("HH Dispoable Income","","HH", sc) = HH_sc(sc) ;
RESULT ("Gov Disposable Income","","GOV_inc", sc) = GOV_inc_sc(sc) ;
RESULT ("Endogenous Health Tax","","tax_health_N", sc) = Tax_health_sc(sc);
RESULT ("REAL HH private health", "consumption","C_pri",sc) = C_pri_sc(sc);

RESULT ("REAL HH public health", "consumption", "C_pub", sc) = C_pub_sc(sc);

RESULT ("REAL HH Other", "consumption", "c_oth", sc) = C_oth_sc(sc);

RESULT ("REAL Gov private health", "consumption","G_pri", sc) = G_pri_sc(sc);

RESULT ("REAL Gov public health", "consumption", "G_pub", sc) = G_pub_sc(sc);

RESULT ("Pub to pri Doc Mov","","DOC2", sc) = Doc_mov2_sc(sc);
RESULT ("Doctors mov from pub to pri - units","DOC 2",1,sc) = PLO (1) /LSO (1) *Doc_mov2_sc (sc) *Num_docO0 (1) ;
* RESULT ("Doctor Movement","","DOC2", sc) = Doc_mov2_sc(sc);

* RESULT ("Doctors mov in 1000 units","DOC 2",1,sc) = PLO (1) /LSO (1) *Doc_mov2_sc (sc) *Num_docO0 (1) ;

14
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RESULT

("NOMINAL HH private health", "consumption","C_pri", sc) = PY1l_sc("Pri_h",sc)*C_pri_sc(sc);
RESULT ("NOMINAL HH public health", "consumption", "C_pub", sc) = PY1l_sc("Pub_h",sc)*C_pub_sc(sc);
RESULT ("NOMINAL HH Other", "consumption","c_oth", sc) = PY1l_sc("Other",sc)*C_oth_sc(sc);
RESULT ("NOMINAL Gov private health", "consumption","G_pri", sc) = PY1l_sc("Pri_h",sc)*G_pri_sc(sc);
RESULT ("NOMINAL Gov public health", "consumption","G_pub", sc) = PY1l_sc("Pub_h",sc)*G_pub_sc(sc);
RESULT ("NOMINAL HH total consumption of health", "consumption","C_tot_health", sc)

= PY1l_sc("Pri_h",sc)*C_pri_sc(sc) + PYl_sc("Pub_h",sc)*C_pub_sc(sc);
RESULT ("NOMINAL Gov total health services","consumption","G_tot_health", sc)

= PY1l_sc("Pri_h",sc)*G_pri_sc(sc) + PYl_sc("Pub_h",sc)*G_pub_sc(sc);
RESULT ("NOMINAL total consumption","consumption","tot_cons",sc)

= PYl_sc("Pri_h",sc)*C_pri_sc(sc) + PYl_sc("Pub_h",sc)*C_pub_sc(sc)

+ PY1l_sc("Other",sc)*C_oth_sc(sc) + PYl_sc("Pri_h",sc)*G_pri_sc(sc)

+ PY1l_sc("Pub_h", sc)»G_pub_sc(sc);

RESULT ("REAL Labor Demand", 1, a, sc) = Lab_all_sc(l,a,sc);
RESULT ("REAL Capital demand ","REAL cap",a,sc) = cap_all_sc(a,sc);
RESULT ("Price of Externality","P_EXTER", a, sc) = P_EXTER_sc(a,sc);
RESULT ("REAL Value of EXternality","REAL exter",a,sc) = 999;

RESULT ("NOMINAL Value of EXternality","NOMINAL exter",a,sc) = 999;

RESULT ("REAL Value of EXternality", "REAL exter",a,sc) = val_exter_sc(a,sc);
RESULT ("NOMINAL Value of EXternality","NOMINAL exter",a,sc) = P_EXTER_sc(a,sc)*val_exter_sc(a,sc);
RESULT ("REAL CTot","REAL","",sc) = Ctot_sc(sc);

RESULT ("NOMINAL Ctot", "NOMINAL","",sc) = PC_sc(sc) «Ctot_sc(sc);
RESULT ("REAL UTot", "REAL","", sc) = Utot_sc(sc);

RESULT ("NOMINAL Utot", "NOMINAL","", sc) = PU_sc (sc) *Utot_sc(sc);

option decimals=1;
display RESULT;

Sontext

Sonecho>task.txt

Kk hkhkhkhkhkhkhkhkhkhkrkhkhkhkhkhkhkhkhkhkkhkhkkhkhkkkhkkx
* Aggregate Level Tables

Kk khkhk kA Kk Ak hkh Ak Ak Kk khkkkkkhk Kk k&K

text="Percent change of activity output by scenario" rng=Act1x45!Al
par=Y_ag_sc rng=Act1x45!B14

par=Y_sc rng=Act1x45!B33

Soffecho

Sofftext

Execute ’xlstalk.exe -S RESULT.xlsx’
execute_unload ’'RESULT.gdx’, RESULT;

execute ’gdxxrw.exe RESULT.gdx O=RESULT.xlsx par=RESULT rng=Aggl!ad’;
Execute ’xlstalk.exe -O RESULT.xlsx’ ;
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