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Abstract

Optimal regulation of health care systems aims to incentivize clinical quality while
containing cost. Some recent studies have highlighted the potential benefits of reform-
ing the structure of hospital reimbursement tariffs (“prices”) to achieve this objective.
In this paper, I explore the potential of outcome-based prices, i.e. a new form of price
regulation where prices are based on the level of quality of outcomes (“quality-based”
prices). Using panel data on hip replacements from England, this paper develops and
estimates a structural model of hospital demand and supply of quality which allows
for heterogeneity in productivity and non-profit motives. I use this model to evalu-
ate the social welfare effects of quality-based prices vis-à-vis uniform prices. I show
that a system with quality-based prices that rewards for higher quality can lead to a
social welfare improvement of up to 37% of the welfare gap with the social optimum.
The improvement is driven by an intensification of competition and a re-allocation
of patients and resources to the most efficient providers. However, I show that in
presence of increasing marginal costs of quality and multiple hospital characteristics,
the role of re-allocation in improving welfare can be limited, while indirect effects due
to competition and measurement error in quality have an important impact on welfare.
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1 Introduction

Provision of affordable high quality health care is a challenge for many health care systems.
Regulated hospital prices can play a part in achieving this objective, but have typically
not been designed to reflect quality or its related cost, thus reducing their ability to signal
important information. Only recently, the effects of price regulation on quality of care
and its mechanisms have started to be explored, for example in Hackmann (2019), Eliason
et al. (2018), Eliason et al. (2022), Handel et al. (2021) and Einav et al. (2018). This
literature mostly studied the effect uniform prices can have on individual input decisions,
for example on staffing or time in the hospital (number of bed-days). Less attention has
been given to the effect on outcomes and the importance of heterogeneity across providers.
In my paper, I cover this gap by investigating the mechanisms through which regulated
prices directly linked to clinical outcomes affect total welfare when we consider differences
across providers and their competitive interactions.

The focus of my paper is on quality-of-outcomes based prices (or quality-based prices).1

In such a system, providers of a treatment are paid differently depending on their quality
of clinical outcome, i.e. the specific level of clinical improvement coming of their patients.
Hospitals can choose their quality and if quality is higher/lower than a certain threshold
the price for the surgery will be higher/lower. This type of prices are under-studied: while
some attention has been devoted to the effect of uniform prices, little consideration has
been given to prices linked to outcomes. The difference is that while the former incentivizes
all providers, the latter can better target only the best (in outcomes) hospitals. Outcome-
based prices have two main channels through which they can improve welfare: i) more
incentives can be given to better and typically more productive hospitals (as in Chandra
et al. (2016a)); ii) other firms would change their quality in response, without receiving
higher prices, because quality is a strategic complement. In my paper, I use empirical
estimates of cost and preferences to investigate the relative size of these welfare effects for
both rewards and punishments linked to quality. This analysis highlights their potential
appeal to policy makers who are discussing about introducing quality-based prices in the
UK and other countries.

The setting of my study is hip replacement surgeries performed by National Health
Service (“NHS”) hospitals in England. They consist in substituting a damaged hip joint
with an artificial one. The choice of this setting is motivated by some appealing charac-
teristics. Hip replacements are common, non-urgent procedures for which detailed data is
available on cost and clinical outcomes. The English NHS is a prime example of a man-
aged competition system where hospitals compete with each other for patients. Prices are
set by the government, patients choose where to receive treatment and hospitals, which
are not-for-profit organizations, compete in quality to attract patients. Crucially, it is the
government that pays for the surgeries and the price is uniform and not linked to patients

1From now on in the rest of the paper I will use "quality-based prices" to indicate this type of prices
that vary with the level of clinical outcomes after surgery. Unless otherwise specified I will consider prices
that vary non-linearly above or below a quality threshold.
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clinical outcomes.2 The welfare effects of a change to this system allowing prices to vary
by clinical outcomes is the focus of my study.

To quantify these effects, I develop and estimate a model of partial equilibrium with
demand and supply decisions in a health care market. For the demand side, following
Berry (1994) I estimate a model of patients’ preferences where patients trade off waiting
time for quality.3 For the supply side, I develop a model where hospitals choose to produce
different levels of quantity and quality given their own level of productivity and the quality
chosen by the other hospitals. Using surgery-level cost data, I estimate the cost function
corresponding to these production decisions. Following Arellano & Bond (1991) I estimate
marginal costs, marginal costs of quality and productivity.

Combining these estimates I retrieve the hospitals non-profit motives. I back them
out from their first order conditions in quality, assuming Bertrand-Nash competition in
quality (as in Fan (2013)).4 They are the wedge between marginal costs, calculated using
estimates of the cost function, and marginal revenue of quality, calculated using estimates
of patients’ preferences. With all the retrieved parameters, I can then fully characterize
hospitals and social planner objective functions (which include the cost of raising public
funds and externalities5).

Then, I use the model to simulate changes in price regulation involving quality-based
prices and uniform prices. I perform the following counterfactuals: i) assessing the welfare
loss from the current uniform prices, ii) comparing the welfare impact of uniform prices and
quality-based prices and iii) assessing the relative importance of re-allocation, competition
and measurement error in quality on the effect of quality-based prices on welfare. I validate
some of the results of my counterfactuals with an analysis of a pilot reform introducing
quality-based punishments in hip replacement in the NHS.

My first finding, analyzing this health care market, is that marginal costs are increasing
in quantity and in quality. The fact that quality is costly is an important feature to justify
a financial reward for quality. On average, I find a marginal cost of around 5,000GBP (the
cost of one additional patient) and an average marginal cost of quality of around 300GBP
per patient (the average cost of one additional unit of quality divided by the average number
of patients across the hospitals).6 These are averages across hospitals, the marginal costs
just described increase in the number of surgeries and quality offered, respectively. I also

2A pilot reform to link prices to clinical outcomes has been implemented for hip replacements and I
discuss this in Appendix I.

3Waiting time is not endogeneized in the model. While this is a simplifying modeling choice it is
supported by two considerations. The waiting time is for all of the orthopedics department and I assume
that changes in hip replacements volumes would not affect waiting times in orthopedics, especially given
the relatively small changes in prices I consider in my counterfactuals. Additionally, waiting times are
unlikely to be affected by small changes in demand as they do not work as traditional queues: they match
the needs of hospitals and patients, additional patients can be accommodated in between patients.

4The non-profit motives enter as a linear function of quality in the utility function of the hospitals.
5The estimates for these two components are taken from other studies. Externalities consist in the

loss imposed on family members and society for a poor quality procedure that limits patients in their
self-reliance.

6These estimates are in line with expectations emerged in talks with industry experts. Note that the
regulated price is around £5,500 for one hip replacement.
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find a significant heterogeneity in productivity across hospitals. Some hospitals are almost
three times more productive than their least productive counterparts. Such a dispersion
highlights the importance of allocating production to the most productive providers.

My second finding is that there are important non-profit motives influencing hospital
quality decisions. This limits the impact of quality-based prices, contrary to a simpler
setting where hospitals are profit maximizers. In fact, in the analysis of the welfare loss
from current uniform prices, I find that non-profit motives, not only lead to a higher average
level of quality, but also partially compensate for market power. The non-profit motives
are approximately 200GBP per patient.

My third and main finding is that quality-based prices can outperform higher uniform
prices in their welfare effects. Higher uniform prices increase the marginal revenues of the
hospitals leading to higher quality, but this comes at the cost of increasing government
expenditure and prices for all hospitals. This is why they lead a smaller positive effect on
welfare. Quality-based rewards, instead, target a smaller number of hospitals and generate
a larger welfare improvement (with optimal quality-based prices 37% of the gap between
the welfare achieved with current prices and optimal welfare). They achieve this through
re-allocation and indirectly by intensifying competition and exploiting the presence of
measurement error in quality.

Three main channels are at play. First, only some performers are rewarded by the gov-
ernment and incentivized to increase quality. The funds directed at them lead to relatively
cheap higher quality, because these hospitals are typically the most productive. By reason
of the increase in quality they attract more patients and in this sense quality-based prices
lead to a re-allocation. Second, this increase in quality leads to more intense competition:
in my model quality is a strategic complement and lower quality/lower productivity com-
petitors react by also increasing quality even without being rewarded. Third, given that
the regulator measures quality with an error, some hospitals are incentivized to increase
quality as the error creates uncertainty and gives them a positive probability of receiving a
reward, even if they may not receive a reward in the end. I call these last two channels "in-
direct channels" given that they lead to an increase in quality also from the “un-rewarded”
hospitals.

Finally, in my counterfactuals I assess the relative importance of these three channels
comparing results across different local markets and with and without allowing for un-
certainty. My analysis is limited by the fact that the hospitals in different markets have
different characteristics and cost structures. Nevertheless, I can find indications that the
three channels have similar importance in determining the welfare effects of quality-based
prices. First, to understand the importance of the measurement error I perform my coun-
terfactuals with and without measurement error in quality. Second, to understand the
importance of competition I compare the results of my counterfactuals in local monopolies
vis-à-vis competitive markets. Third, I can learn from studying the impact of quality-
based punishments, where prices are below a baseline price for lower quality levels. In this
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case the indirect channels have an opposite effect to the re-allocation one. While the last
one has still a positive effect on welfare, the indirect channels lead to a decrease in quality
without generating government savings. The net effect on welfare in null or negative which
confirms again the importance of the indirect channels vis-à-vis the re-allocation channel.

Exploring the importance of the re-allocation channel is particularly interesting in a
context with increasing marginal costs and horizontal differentiation (due to the fact that
hospitals have other characteristics beyond quality). These factors limit the benefits from
re-allocating to the most productive hospitals. When quality and quantity increase, mar-
ginal costs also increase, which means that the most productive hospitals are not necessarily
the ones with the lowest marginal costs. There is an un-coupling between marginal costs
and productivity. Productivity determines the slope and intercepts of marginal cost curves,
but having the highest productivity does not mean having the lowest marginal costs. For
this reason, rewards may lead to large increases in cost as quality increases, making large
quality increases and induced patients re-allocation not-optimal even when the best are the
most productive. Additionally, when the best hospitals do not capture the entire market,
they must perform worse in other dimensions, therefore the net benefit of a switch to these
hospitals would be limited by losses in these other dimensions.

Relation to the literature: The main contribution of this paper is to assess the
welfare impact of “quality of outcomes”-based regulated prices. I show that prices linked
to quality-of-outcomes can improve welfare. My work is related to few papers that studied
the effect of price regulation on decisions related to quality: Hackmann (2019), Eliason
et al. (2022),Eliason et al. (2018), Einav et al. (2018) and Handel et al. (2021).7 In partic-
ular, while Hackmann (2019) focused on the effects on welfare of a uniform price increase,
I compare the effect of a uniform price increase to the effect of quality-based prices. Ad-
ditionally, I extend his framework because I use a measure of quality of outcomes rather
than a measure of quality of process (number of nurses per patient). Interestingly, he
shows that a uniform increase in regulated prices can incentivize quality more efficiently
than increasing the number of competitors. In my study, I show that quality-based prices
can be even more efficient than a uniform price increase and can have different re-allocative
effects across hospitals. I find that quality-based rewards can improve welfare through the
three channels of re-allocation, competition and measurement error, even in presence of
market power.

A second contribution is in the re-allocation literature. My study is related to the
seminal papers of Olley & Pakes (1992) as well as Foster et al. (2008). More recently,
Chandra et al. (2016a) have studied the re-allocation to the best providers in the health
care sector in the U.S.. They found that the best hospitals grow over time and happen to
also be typically the most productive. In this paper, I study how quality-based prices can
be a tool in fostering this type of re-allocation. While in my analysis I also find that the

7The paper is also related to Dranove et al. (2003) that studies the effect of report cards in hospital
care. Additionally, there is a vibrant literature on the effect of competition and choice in the English NHS,
for example: Gaynor et al. (2016), Santos et al. (2017), Gutacker et al. (2016).
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best hospitals tend to be the most productive, I directly analyze the welfare impact from
re-allocation. In line with the literature, I find that re-allocation to the most productive
has a positive effect on welfare. However, contrary to a traditional setting, I also find that
this effect can be severely limited in presence of increasing marginal costs and horizontal
differentiation.

Methodologically, contrary to previous studies, I am able to separately identify higher
costs due to inefficiency and higher cost due to quality. This is because, in my paper, quality
is defined as an improvement in clinical outcomes. While other measures, like number of
nurses/doctors per patient, are typically used in health care analysis as measures of quality,
most of these metrics could be confused with measures of productivity. For example,
number of nurses per patients could be seen as number of workers per level of output. I
address this problem by estimating a cost function where the output consists of quantity
and quality of outcomes. My supply analysis is related to Grieco & McDevitt (2016) who
use the methodology of Ackerberg et al. (2015) (“ACF”), from the productivity literature.
They are the only paper to estimate a production function of a bundle of quantity and
quality of outcomes in a health care setting. Compared to them, I applied methods from
the productivity literature addressing additional issues of serially correlated measurement
error in quality and input price differentials. To the best of my knowledge, it is also the
first study to apply this methodology to a cost function.

My final contribution is in the identification of hospital non-profit motives and the
productivity levels of the different hospitals. In particular, using demand estimates, cost
estimates and assuming competition in quality I can determine the level of non-profit
motives separately from cost and productivity. This extends previous studies, in particu-
lar Gaynor & Vogt (2003) and Hackmann (2019). My study is the only one with Hackmann
(2019) to estimate them separately. I do so by combining demand and production estim-
ation approaches (similarly to De Loecker & Scott (2016)) in a context of publicly funded
hospitals where prices are not chosen by hospitals. My findings indicate that, in my ana-
lysis, non-profit motives are important in determining the level of quality provided and
they are larger for hospitals with higher level of market power. In this light, I find that
not accounting for them would lead to overstating the role of price changes in improving
welfare.

The rest of the paper is structured as follows. Section II briefly describes the in-
stitutional background, introducing the National Health Service and the market for hip
replacement in England. Section III provides a modeling framework to understand hos-
pitals decision and the social optimum. Section IV includes the partial equilibrium model
of demand and supply and its estimation. In particular, subsection IV.1 describes the
data used in this study. Subsections IV.2 and IV.3 specify the cost and demand model to
be estimated and discusses the empirical results. Section V describes the counterfactual
exercises. Section VI discusses some caveats for implementation beyond the context of this
paper. Finally, I conclude in Section VII.
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2 Institutional background

The context of my study is hip replacement in England. I cover below few features of the
English health system to understand the rules and the incentives governing the decisions
of hospitals. Most health care in England is financed through taxes and is free at the point
of use. Briefly, 90%8 of care services are paid by the public National Health Service and
hospitals receive payments for their services in the form of regulated prices for each service
they provide. They are incentivized to provide better quality as they have to compete with
other hospitals to attract patients.

Competitive environment. In England the vast majority of treatments and surgeries
are paid by the National Health Service (“NHS”). The English NHS covers 55 million
people and is a leading example of managed competition. The NHS Trusts (that I will
call “hospitals” in the rest of the paper) are public non-profit organizations that provide
hospital care and are directly linked to the NHS.9 In this system patients are free to choose
to receive treatment where they want and care is completely free at the point of delivery
-patients pay no co-payments to receive care. Doctors are salaried employees who generally
work only for one hospital. It is local health authorities (Clinical Commissioning Groups or
"CCGs") that purchase care services from hospitals on behalf of patients using as funding
transfers that CCGs receive from the central government. In particular, CCGs pay a fixed
regulated price for each treatment.

These prices are set nationally and are the same for all hospitals up a to a small local
adjustment. They are based on the national average of average costs for each treatment,
with the intention of incentivizing efficiency through a system of yardstick competition
(Shleifer, 1985) . In fact, the administration of each hospital is expected to balance the
book and the success of hospitals CEO is closely linked to financial performance (Bloom
et al. (2015)). In order to achieve this objective, hospitals need to deliver care with an
average cost per treatment at least in line with the national average. They can control
costs by minimizing waste or reduce quality.

In the light of these incentives, competition across hospitals plays an important role
in safeguarding quality. While hospitals may want to "cut corners" to increase their mar-
gins, they have to provide quality services to attract patients and revenues. The effect of
competition on quality in the English NHS has been documented by Gaynor et al. (2016)
where the authors showed that patients care about quality and quality was higher in less
concentrated markets. However, there is no price differentiation due to quality. This fea-

8Around 80% in the case of hip replacements.
9The role of private health care is very limited. Some private hospitals provide treatments and are paid

by the NHS and a smaller number of hospitals offer care exclusively to patients with private insurance.
However, they will not be object of study in this paper, because as highlight by Kelly & Stoye (2016) and
by a 2014 UK Competition Authority report the privately-funded market for hip replacement is separate
from the publicly-funded one. Private health care account for about 9% (2017 data) of the total health
care expenditure covering an even smaller number of patients. In the case of hip replacement privately
funded surgery are slighly more important representing up to 20% of the surgeries. Private hospitals that
provide NHS treatment will be included in my analysis as outside option for patients in line with Kelly &
Stoye (2016).
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ture of price regulation in health care markets make them different from other markets
and may cause a welfare loss. Higher value for patients and related higher costs are not
reflected in prices.

Hip replacement. The specific context of my study is hip replacements in England.
These procedures consist in surgically replacing damaged or diseased hip joints with arti-
ficial ones. This is a common surgery that many patients over 60 have to undergo. They
are typically not emergency surgery for which patients can wait and shop around for where
they prefer to receive care. In the last decade the NHS has started a special data collection
program to measure and record the quality of clinical outcomes of patients specifically
receiving hip and knee replacement.

This data has been used by the NHS to actually implement for the first time a form
of quality-of-outcomes based prices, even if in a limited way. Starting from 2014 hospitals
having their measure of quality three standard deviations below the mean quality would
receive 10% less than the normal regulated price. The focus for my demand and cost
function estimation is primary hip replacements, which is the first hip replacement a patient
receives, contrary to revisions which consist of the second or third surgery for the same
joint. For reference, the NHS spends around 250-300 million pounds a year for primary hip
replacements. In Appendix C I discuss further details about the procedure and information
collected from interview with doctors and documents from the NHS.

3 Quality choice and its determinants

I specify a model of quality competition where hospitals choose the quality of hip replace-
ments. The quantity of surgeries is instead indirectly determined by the number of patients
attracted by the hospitals quality, given that hospitals cannot turn away patients.

3.1 Hospital choice

Following the modelling framework in Gaynor (2006) or Gaynor et al. (2014) I consider a
simple framework where hospitals maximize utility and compete in quality zj with each
other. Hospital utility is modeled as the sum of expected profits πj and non-profit motives
vj(zj). Note that the time subscript is omitted in the following sub-sections for simplicity
of notation.

Hospitals decide10 their quality target zj (simply "quality" hereafter), given fixed reg-
ulated prices p̄, quality of competitors z−j and potential market of size M. They deliver
quantity qj which is not chosen directly but depends on own quality zj (targets) and the
quality of the competitors z−j (hospitals compete Nash-in-quality as in Fan (2013)). With
regard to vj(zj), I make three main assumptions. (i) More quality increases the non-profit

10In this paper I abstract away from complementaries across surgeries in hospital decisions.
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motives of the hospital, ∂vj
∂zj

> 0. (ii) Hospitals internalize only the benefits given to their

own patients ∂vj
∂z−j

= 0. (iii) Finally, hospital utility can be measured in British Pounds.

max
zj

Uj = πj(zj) + vj(zj), (1)

where πj(zj) = p̄qj(zj , z−j)− c(zj , qj) and qj(zj , z−j) = sj(zj , z−j)M.

The first order condition with respect to zj for each hospital j is:11

p̄

{
∂sj
∂zj

M

}
+
∂vj
∂zj︸ ︷︷ ︸

MVQ or “MRz”

=
∂Cj

∂zj
+
∂Cj

∂qj

{
∂sj
∂zj

M

}
︸ ︷︷ ︸

MCz

. (2)

In Appendix D I show graphically the marginal revenue of quality ("MRz") or mar-
ginal value of quality ("MVQ") and the marginal cost of quality MCz. Assuming the cost
of quality is convex in zj then, its marginal cost is increasing in zj , the intuition is that as
a hospital increases quality it becomes more difficult to increase it. The MVQ instead is
decreasing, because even if hospitals receive the same regulated price for each surgery, the
ability to attract patients naturally declines as quality increases, because there would be
simply no more patients to attract.12 The quality chosen by the hospital j is then given
by the intersection of the two curves.

3.2 Social Planner choice

A social planner maximizes total welfare setting directly the quality of each hospital.13

Total welfare is composed by five components: consumer surplus (CS), producer sur-
plus (πj(zj)+ vj(zj)), minus government expenditure (GovExp) plus positive externalities
(ΨExt(zj)) arising from treatment. These externalities materialize because a person who
has full mobility benefits society and family members. She can work more (and pay more
taxes) and would not require the additional attention from family members that would be
required with limited mobility. I assume that the social planner knows patients preferences
and marginal costs and can directly set qualities of the different hospitals. I also assume

11I am limiting my analysis to interior solutions assuming that services closures and null or negative
quality are not possible.

12The same point can be captured considering distance: some patients may live too far to be attracted
by any level of quality.

13I am abstracting here from optimal entry exit decisions because political constraints would prevent
the NHS to freely opening and shutting down hospitals. The analysis is made here based on the existing
network of hospitals.
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that the social planner cannot force patients to go to a specific hospital (this is similar to
the assumption in Decarolis et al. (2020)).

maxz1,...,zjW = CS︸︷︷︸
Consumer
Surplus

+
J∑

j=1

ΨExt(zj)︸ ︷︷ ︸
Externalities

+
J∑

j=1

p̄qj︸ ︷︷ ︸
Revenues

+
J∑

j=1

vj(zj)︸ ︷︷ ︸
Non-profit motives

−
J∑

j=1

C(zj , qj(zj , z−j))︸ ︷︷ ︸
Costs of all firms in market

− (1 + λ)
J∑

j=1

p̄qj︸ ︷︷ ︸
Government Expenditure

λ = distortionary cost of taxes

The corresponding FOC’s w.r.t zj is:

∂CS

∂zj︸ ︷︷ ︸
∆CS

+
∂ΨExt

∂zj︸ ︷︷ ︸
∆Externalities

+
∂vj
∂zj︸︷︷︸

∆ non-profit motives

=

=
∂Cj

∂zj
+
∂Cj

∂qj

{
∂qj(zj , z−j)

∂zj

}
︸ ︷︷ ︸

MCz↑ production hosp. j

+
∑
−j

∂C−j

∂q−j

{
∂q−j(zj , z−j)

∂zj

}
︸ ︷︷ ︸

↓ production hosp. -j

+λ

p̄∂qj(zj , z−j)

∂zj
+

∑
−j

p̄
∂q−j(zj , z−j)

∂zj


︸ ︷︷ ︸

Distortionary tax effect (for net additional expenditure)

.

The optimal social choice characterized by the FOC’s describes a trade-off. Increasing
quality of a hospital has a positive effect on the utility of patients, but it also leads to an
increase in government expenditure and in the cost of that hospital. Costs increase both
for the additional quality provided and the additional patients who would not otherwise
have received surgery in the NHS hospitals.14 Finally, the social planner should consider
positive externalities arising from treatment, for example a well treated patient will be less
likely to require more treatment, special support and will be more likely to engage in some
job. I discuss in detail the quantification of these externalities in Section 6.

By comparing the first order conditions of the hospitals and the social planner it is
possible to individuate why welfare losses can arise. On the side of the social benefits,
beyond the presence of the externalities, hospitals marginal revenues are different from
marginal consumer surplus and are likely to be smaller in concentrated markets. Secondly,
the hospitals do not internalize the fact that the costs of the industry could be lower with
different production configurations across providers.

3.3 The role of heterogeneity

Hospitals are different, they have different marginal revenues, marginal costs and non-
profit motives.15 The social planner takes into consideration this heterogeneity and prefers
that patients receive treatment at the hospital (in the local market) with the lower costs
without lowering the utility of the patients. The social planner trades off the additional

14These patients are considered in the logit model as choosing the outside good
15Additionally, they can have also different characteristics not included in this simplified version of the

model, for example waiting time -which are included in the full model and considered as exogenously set.
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utility for patients and hospitals (and externalities) from being treated at a hospital, with
the additional costs attached to being treated at a certain hospital. In particular, the
social planner increases or decreases the quality of hospitals to steer patients to different
providers up to the point of optimality.

Given that the government uses a single fixed regulated price it cannot adjust for
differences across providers. It cannot give different incentives to each hospitals even if
hospitals are different from each other both in terms of costs, non-profit motives and
quality. These differences, however, may play a role in determining the effect of fixed
uniform prices. For example, hospitals with higher non-profits motives would provide
higher quality than hospitals with lower ones ceteris paribus.

Quality-based prices allow to differentiate across providers in a way that uniform prices
cannot. Exploiting their potential, however, is not straight forward. Rewarding higher
quality hospitals can be appealing if they have lower marginal costs and lead to high
levels of utility for patients and hospitals. However, higher quality providers may not be
necessarily be the most productive ones because other drivers may be responsible for the
higher quality, e.g. non-profit motives, size of the market or level of competition.16 In fact,
in the Appendix A I show that quality-based prices can be welfare enhancing depending on
the value of a series of structural parameters determining preferences, costs an non-profit
motives.

4 Modelling and estimation

Motivated by the results of the analysis of the effect of the pilot reform I now proceed with
the modelling and estimation of demand and cost which allows me to perform counterfac-
tual experiments.

From theory to estimation. Different elements in the first order condition with
respect to quality zj (2) that I described in Section 3 are primitives of my model and are
object of my estimation. In particular:

Demand: ∂sj
∂zj
. This term is estimated using a Berry (1994) approach and using a

geographical market definition that individuates several local markets for hip replacement.

Cost: ∂Cj

∂qj
,
∂Cj

∂zj
. These terms are estimated separately using a cost function estimation

technique and detailed cost data.

Non-profit motives: ∂vj
∂zj
. I parametrize vj(zj) = µjα

d
zzj (where αd

z is patient marginal

utility from quality from demand estimation) and retrieve ∂vj
∂zj

= µjα
d
z from the FOCs.

Given that I have estimated all other elements present in the FOC I can simply determine
this term as the difference between MRz and MCz. Additionally, µj could be seen as
a sort of conduct parameter that represents the departure from simple profit maximizing

16Also if other hospital characteristics increase sufficiently the utility of patients to make up for the
higher (inefficient) cost.
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behavior.

4.1 Data

In this section I describe the data that I used in my study. In my demand analysis I use
number of surgeries per hospital and hospital characteristics, like quality of outcomes and
waiting time. In my cost function analysis I use data on costs quantity, quality by hospital
as well as hospital and area characteristics, for example the degree of architectural barriers
in different local communities. Quality of outcomes is of particular importance and it’s
captured by an indicator based on patients surveys.

Quality of outcomes data. The NHS has collected measures of quality of outcomes
for hip and knee replacements (in England). The unique feature of this data is that it is
one of the first and more complete sources about patients outcomes for a surgery beyond
simple mortality rates. While most of the studies in health care markets use mortality as
an inverse measure of quality, most surgeries are not life threatening and it is important
to study quality in these cases.

The quality measure used in this study are based on patients’ surveys, so called Patients
Reported Outcome Measures ("PROMs") for hip replacements. This indicator captures
outcomes in the form of clinical improvement after hip replacements for each hospital and
for every year. This data is based on clinical improvements after the operations self-assessed
by patients using questionnaires. To address the differences in patient characteristics that
may affect the comparability of the results across hospitals, the NHS adjusts the results
based on patients characteristics. The disadvantage of this adjustment procedure is that,
to implement the procedure, the NHS does not consider hospitals with less than 30 parti-
cipants to the surveys. There is more than one quality measure based on different surveys,
in particular the ones used in this paper are Oxford hip score and EQ VAS.

Crucially, the measure obtained from this process is affected by measurement error.
Hospitals can make mistakes in collecting the data and asking patients questions. Fur-
thermore, if a hospital uses a low number of surveys will have a more uncertain measure
of quality, contrary to a hospital that uses a large number of surveys, because the errors
would compensate across many patients. Hospitals tend to have similar procedures in col-
lecting data from the surveys and similar response rates over the years, creating a serial
correlation in the measurement error. Interestingly, both the response rate of patients and
collection procedures are different for the two measures considered in this study (Oxford
hip score and the EQ VAS). Taking into account of this fact is important in my analysis
and may help shed lights on how to deal with this type of data in future studies.

Costs data series. Cost and quantity data by procedure are captured by the Reference
Cost Data collection. The data is available at a very disaggregated level for all hospitals
in the country. In fact, it is possible to observe quantity and cost data by surgery, depart-
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ment and level of complexity at an yearly frequency.1718 This level of completeness and
disaggregation makes this dataset quite unique as in most jurisdictions this type of data
may be available only for a subset of hospitals in a country. I used this data for the period
going from 2012-13 to 2018-19.19

The cost data includes all fixed (in an accounting sense) and variable costs that were
used to produce all the procedures classified under different types of surgeries.20 In the
case of hip replacement, it means the cost for the number of full-time equivalents doctors
and nurses involved in the surgeries, as well as the prosthesis, the anesthetics, the use of
the operating theater and the cost of the hospital bed days. For the inputs shared across
multiple treatments or used over multiple years, accounting assumptions are made to assign
portions of the costs for those inputs.

This is the first study that uses this data at surgery level and analyzes costs over
multiple years. In particular, this was made possible by my work at the former English
regulator Monitor during a secondment as consultant. Comparability of costs over time was
not obviously given changes in coding procedures especially for the period before 2012-13.

The data shows that even for the same procedure at the same level of complexity, in the
same department there is a large variation in average cost per procedure, which may also
indicate differences in efficiency. This serves as motivation to take differences in efficiency
into account, even if this is only a partial indication, because, for example, quality is not
taken into account.21

Additional data sources. Apart from the data sources already described, I used
several others source of data on hospital characteristics. I exploited data from the National
Joint Register, a dataset that contains an account of all hip replacements paid by the NHS,
including those operations performed at private hospitals. This data is used in demand
estimation. I also used patient surveys on the experiences of patients in different hospitals
as well as surveys of staff in all hospitals with regard to working conditions and whether they
would recommend their hospital as a good place for work or for care. In my cost estimation,
I also used demographic data of the areas around the hospitals, including age and gender
of the population, level of deprivation of the elderly and presence of architectural barriers.

17I focus on elective procedures in orthopedic departments only, even if orthopedic surgeons may still
perform the surgery in general surgery and then patients are kept in general surgery beds within a hospital.
The operations performed outside the orthopedic department represent only a small fraction of the total
number of surgeries and I exclude them from my analysis.

18Using the UK financial year April to March.
19The period of analysis for my study is limited to 2012/13 to 2018/19 because a different surgery

categorization was used in the previous period and the quality of the data collection was also lower in the
previous years.

20The inclusion of all costs is based on the fact that regulated prices are based on the national average
of the unit costs per treatment/surgery. Roughly, prices are equal to the national average plus an inflation
factor, minus an efficiency fact. Note price is around £6,000 for one hip replacement.

21In fact, the same cost data is used by the NHS to estimate the efficient frontier of the NHS hospitals,
even if "productivity" improvements are narrowly defined with respect to physical output.
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Table 1: Summary statistics

2012/13 2013/14 2014/15 2015/16 2016/17 2017/18
Quality (Oxford measure)
Average 20.86 20.94 21.11 21.25 21.44 21.94
Median 20.92 21.16 21.19 21.36 21.57 21.98
Standard deviation 1.11 1.09 1.08 1.18 1.19 1.19
No. of hospitals 136 135 131 132 131 130

Total cost (British Pounds)
Average 863,978 895,001 770,097 794,217 754,580 691,594
Median 760,174 732,613 635,944 689,317 641,888 567,229
Standard deviation 792,191 872,800 745,816 715,937 700,336 696,244

No. of procedures
Average 214 225 244 245 242 214
Median 170 182 213 217 204 182
Standard deviation 216 217 221 212 215 206
No. of hospitals 149 147 144 141 142 139

Average
unit cost (British Pounds)
Average 6,226.54 6,087.22 6,193.17 6,330.46 6,407.71 6,591.41
Median 6,073.27 5,749.88 6,044.27 6,096.70 6,071.90 6,402.15
Standard deviation 1,798.80 2,401.61 2,127.21 1,952.44 3,108.37 1,975.98

Note: Cost classifications changed slightly from 2012/13 to 2013/14
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4.2 Local demand for hip replacements

Patients (indicated with the index p below) in the markets under study are considered to be
maximizing the following utility function when they choose the hospital where to undergo
primary hip replacement (where ujtp is the utility of the patient, z̃jt is the observed quality
of outcomes, waitjt is waiting time for an orthopedic surgery, x′jt and νjt are respectively
observed and unobserved characteristics of the hospital and ϵdjtp is i.i.d. EV1):

ujtp = δjt + ϵjtp = αd
z z̃jt + x′jtβ − αd

wwaitjt + νjt + ϵdjtp.

I restricted the set of hospitals patients can choose based on a geographic definition
of the markets (13 local markets). Additionally, in my study I consider publicly funded
private care to be the outside option for patients. These are private providers that accept
payment from the NHS to perform surgeries.22

Figure 1: Local markets considered

22This arrangement between private hospitals and the NHS was established few years before the start of
my sample because waiting times were too long for public hospitals as highlighted in Kelly and Stoye (2016).
The introduction of this agreement between private hospitals and the NHS led to a market expansion, as
described in Kelly & Stoye (2016). For this reason I think using these hospitals as outside option is
appropriate. Notably, private hospitals for privately funded patients are not considered to belong to a
different market as highlighted by a recent investigation of the competition authority in the UK as well as
in Kelly & Stoye (2016) and Gutacker et al. (2016). Gutacker et al. (2016) the authors seem to suggest
that, between the two options, patients have a preference for public hospitals.
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Estimation. I estimate the following equation, where sj , s0 are the market shares of
hospital j at time t for complexity patient c and the market share of the outside option :

log(
sjct
s0ct

) = δjct = αd
zcz̃jt + x′jtβc − αd

wcwaitjt + νjct. (3)

I estimate equation (3) following Berry (1994) logit model. I assume that quality is ob-
served with a measurement error ηjt that is not observed separately by the econometricians
or the patients. The assumption is that patients can foresee observed quality. Additionally,
one can think that these mistakes may be correlated over time because of how the hospitals
manage the measurement process. Then, observed quality is z̃jt = zjtηjt.23 Instead, the
variable zjt is the expected quality of hospital j chosen by the management of hospital j,
i.e. a quality target for that hospital.

With regard to endogeneity, in this context I observe quality, contrary to a typical
model with unobserved quality as Berry (1994), so endogeneity may represent a less im-
portant concern.24 However, the unobserved component νjt may include potential sources
of endogeneity in the following way. Firstly, general patient experience at the hospital
and general satisfaction with the hospital can influence demand and be correlated with
the clinical improvements in hip replacement. For this reason I include patient satisfac-
tion survey results in my demand specification.25 Secondly, there may be a feed-back-loop
between quantity and quality with hospitals receiving more patients that become better at
performing the operation because they do more procedures. However, this feedback loop
is not a significant concern in the set of hospitals considered in my analysis, because for
the hospitals in my sample these learning effects should already be exploited. In fact, the
measures of quality used in this study are available only for hospitals that have at least
thirty recorded surveys per year. This is the level at which Rhee et al. (2010) find that
that potential learning effects are exhausted.26

In order to address the possible endogeneity concerns for my quality variable, I also
estimate demand using instruments djt and the following moment condition:

E[ζjt ⊗ djt] = 0.

I assume that νjct = ρdcνjct−1 + ζjct following Sweeting (2013) and a suggestion con-
23Assuming E[log(ηjt)] = 0 and E[log(zjt)log(ηjt)] = 0
24Similarly, Santos et al. (2017) and Gaynor et al. (2016) do not address time-varying quality endogeneity

in their main specifications.
25I make the assumption that they are outside the control of the hospital in the short term and I abstract

away about dynamic decisions over reputation building.
26Mehta et al. (2018) find a flatter learning curve for surgeons. However, these results are over the career

of a surgeon, senior surgeons would be able to reach the required levels of surgeries. The presence of learning
effects depends, then, on the hiring choices of hospitals that can hire "higher or lower quality/experience"
doctors.
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tained in Berry et al. (1995). The instruments djt include cost-side shifters27 and lags of
own hospital characteristics (waiting time and patient experience).28 In Appendix F, I
included the demand estimation results from my analysis following Ellickson et al. (2020)
and Holmes (2011) which allows me estimate a parameter for distance.29

Dependent variable: from logit model
(1) (2) (3) (4)

Quality (z̃) 0.11 0.09 0.09 0.07
(0.02) (0.02) (0.04) (0.03)

waiting time -0.11 -0.01 -0.08 -0.02
(0.09) (0.02) (0.05) (0.01)

General patient experience 0.08 0.06 0.01 0.03
(0.01) (0.01) (0.01) (0.01)

Year fixed effects Yes Yes Yes Yes

Market fixed effects Yes Yes Yes Yes

No. obs 832 832 668 668

Hansen J stat. 0.31 0.24

Note: robust standard errors in parentheses. In (3)-(4) results
using the instrumental variable approach described here. Easy
patients in (1)-(3). Difficult patients in (2)-(4). Smaller data in
(3)-(4) because of using lags and instruments not available
for all hospitals.

27These are productivity from the cost-side estimation, an index capturing the cost of the local labor
market and satisfaction of staff. The index is relevant for the hiring of external staff like nurses. I will
deflate my costs using this index in the cost function estimation.

28Following Hackmann (2019) I re-estimated the model only for all hospitals with bed occupancy below
90% to ensure my estimates are robust to the possible presence of capacity constraints. The estimate in
the restricted sample are very close to the ones in the complete sample. A nested logit model with nests
for inside good and outside good was also estimated, but the estimates for the nesting parameter were not
robustly consistent with the nesting model assumptions.

29This model does not allow to use an instrumental variable approach.
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4.3 Cost of hip replacements surgeries

The objective of this section is to present the cost function model (for primary hip replace-
ment) to be estimated as well as the related estimation strategy and estimation results.

In my model hospitals choose quality and the corresponding inputs necessary to produce
the chosen quality with the following timing:

• At the beginning of the period hospitals set targets for quality zjt (and the implied
quantity qjt, as they cannot turn away patients). At the same time they choose the
corresponding levels of inputs to produce those targets, after observing productivity
from the previous period. Hospitals can observe the targets of the competitors.

• During the period consumers choose where to receive treatment after observing the
quality targets and shocks to individual patient preferences (ϵqjtp in section 4.2).
Quantity and quality are produced and measurement error ηjt in quality is realized.
A shock to productivity Ξjt is also realized.

I assume that hospitals are cost minimizing, when choosing their inputs. Each hospital
chooses its inputs Kjt, Ljt,Mjt to minimize costs given the chosen level of quantity and
quality qjt, zjt (where j is for the hospital and t is for the year). This is a reasonable as-
sumption because in the NHS system30 there is a very active market for CEOs and financial
performance determines the career of CEOs across different hospitals in England.31

Consider the following maximization problem where the production function is
F (Kjt, Ljt,Mjt,Ωjt) = KβK

jt L
βL
jt M

βM
jt Ωjt.32 The production possibility frontier depends on

the number of hospital beds, denoted by Kjt,33 the number (adjusted by seniority) of staff
workers (doctors, nurses), denoted by Ljt,34 materials, denoted by Mjt,35 and productivity,
denoted by Ωjt. Cjt is cost and rjt, wjt, pjt are input prices.

30Highlighted also in Bloom et al. (2015)
31However, my estimation strategy can allow for the presence of optimization errors in hiring and in-

vestment. I also include non-profits motives in the objective function of the hospitals, but this does not
affect cost minimization.

32In future versions I will test the robustness of this model assuming that some inputs are used in fixed
proportions.

33I do not model dynamic decisions in the stock of capital, because variation in the stock of capital is
extremely small. There are mergers in the sample and I treat merged hospitals and merging hospitals as
separate organizations.

34It is possible to extend the model to include different levels of seniority and distinguish between doctor
and nurses. This would not impact the estimation strategy or the results of the cost function. More input
prices would appear in the cost function specification. Time fixed effects would capture them as well, given
that all salaries are set nationally.

35Input prices for all these categories are the same nationally and change over time, I capture this aspect
using time fixed effect in my estimation.
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max
Kjt,Ljt,Mjt

KβK

jt L
βL

jt M
βM

jt Ωjt

s.t.

Cjt = rjtKjt + wjtLjt + pjtMjt.

Each hospital transforms inputs Kjt, Ljt,Mjt in two outputs qjt, zjt according to the
transformation function:

T (qjt, zjt) = F (Kjt, Ljt,Mjt,Ωjt). (4)

T (qjt, zjt) determines how hospitals can use the different inputs to produce the two
outputs, quantity and quality. In particular, the function specifies how additional inputs
can be used for either higher quantity or higher quality. I make some assumptions about the
parametrization of the transformation function. In particular, I assume that the exponent
of qjt is one and qjt multiplies all other elements in the function.36

In this paper I use a trans-log cost function specification that corresponds to equation
(4) (in Appendix B I provide a more detailed derivation). The cost function is in equation
(5), where g is a linear function of input prices. In this specification, I assume that there
is no interaction effect between quality and quantity because of the size of the hospitals
included in my analysis, as discussed in the demand section.

log(Cjt) = α0 + αq1log(qjt) + αz1log(zjt) + αq2(log(qjt))
2 + αz2(log(zjt))

2 + g(rjt, wjt, pjt) + ωjt. (5)

The residual of this cost function depends on productivity: ωjt = log
(

1
Ωjt

) 1∑
b βb where∑

b βb = βK + βL + βM . In my model productivity Ωjt captures all the aspects that
may change the production possibilities given the same inputs, for example, the patient
pathway, the optimization of the staff rooster or the procurement ability. As in most of the
production function literature, I assume that differences in productivity can be summarized
in this single index where all the elements affecting this index affect production possibilities
in the same way.37 In my model I also assume that productivity follows a Markov process
with a shock Ξjt. Hospitals do not have control on productivity Ωjt or on shocks to
productivity Ξjt. Notably, productivity, as often assumed in the productivity literature,
is here considered as an exogenous process. Even as an exogenous process, productivity is
important in determining the persistency of quality, because hospitals are limited in their

36See Appendix B.
37This assumption is not necessary for estimation, but it is useful for explanatory purposes. I adopt an

Arellano Bond technique to estimate the cost function which allows me to relax the assumption of scalar
unobservable (no heterogeneity in adjustments costs, input prices and no optimization error in hiring or
investment).
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choices by the level of productivity they have.

As shown in equation (5) the cost function naturally includes not just outputs, but
also the input prices. As anticipated, the main inputs are staff, bed usage and prostheses.
Staff salaries are set nationally through a bargaining process and are the same for the
entire nation, but may change over time. The cost of bed days and operating theater use is
assumed to be the same across England, up to a local adjustment factor due to differences
in rents.38

While salaries of staff are assumed the same across hospitals, the prices of prostheses
are assumed to be heterogenous. Difference in prices may be due to two factors: the
manifacturer and the quality of the prosthesis. Prosthesis prices vary with quality, better
prostheses of the same manufacturer cost more than lower performance prostheses of the
same company. Additionally, hospitals may only use only one specific provider. This may
be due to long lasting relations between doctors or procurement officers and one specific
manufacturer. The market of orthopedic prostheses is dominated by three multinational
companies, and I assume each of the approximately 150 hospitals performing hip replace-
ments does not have enough bargaining power to affect the price.

Estimation. Following the framework suggested by Grieco & McDevitt (2016) where
health care providers produce bundles of quality and quantity39 I specify the following
trans-log model40 for my cost function estimation (χjt is an idiosyncratic shock, ηjt is the
measurement errors of quality41):

ln Cjt = α0 + αq1log(qjt) + αz1log(z̃jt) + αq2(log(qjt))
2 + αz2(log(z̃jt))

2 + g(rjt, wjt, pjt)

+βccComplexity mix("CC") − αz1log(ηjt)− αz2log(z̃jt)log(ηjt) + αz2(log(ηjt))
2 + ωjt + χjt. (6)

The trans-log specification comes from the fact that I expect quadratic costs in quality.
Increasing quality is expected to become more costly at higher levels of quality. I include
as control an index that captures what percentage of the surgeries is more complex (when
patient have co-morbidities, for example obesity).

To estimate the cost function I need to address two main challenges: the presence of
unobservable productivity and measurement error. Firstly, I need to account for differ-
ences in productivity. Productivity42 cannot be observed by the econometricians and it
may bias cost function estimates. It affects both quality and cost because it shifts the
production possibility frontier. Secondly, as anticipated, quality of outcomes is observed
with a measurement error. As a reminder, z is a quality target, not the quality observed

38See next section.
39This is the first example of the application of the methodology by Ackerberg et al. (2015) in the health

care sector.
40As in Christensen & Greene (1976).
41Remember I assume E[log(z̃jt)log(ηjt)] = 0 and E[log(ηjt)

2] = 0.
42Importantly, productivity Ω affects not only the number of patients treated, but also the level of quality

of treatment.
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by the econometricians. Hospitals are unable control the final observed quality, because
different unexpected factors may influence the outcome measure. This is reflected by the
presence of shocks/measurement errors. As already discussed, I assume that the final
observed outcome (z̃) is a combination of the quality target and a measurement error.

To address the presence of unobservable productivity differences I adopt a ρ-differencing
approach based on Arellano & Bond (1991). I make the assumption that ωjt follows an
AR(1) process: ωjt = ρωjt−1+ ξjt. Taking ρ differences of the variables I can eliminate ωjt

and use the following moments:

E[ξjt + (χjt − ρχjt−1) + (f(ηjt)− ρf(ηjt−1))⊗ (wjt)] = 0. (7)

wjt is the set of instruments I use and it includes lags of quantity, Waldfogel instru-
ments, BLP instruments and non-profit shifters, f(ηjt) = αz1log(ηjt)−αz2log(z̃jt)log(ηjt)+

αz2(log(ηjt))
2. Non-profit shifters are foundation status43 and teaching status44 which de-

termine different levels of non-profit motives. The choice of these instruments addresses
the presence of serially correlated measurement errors.

Table 4 shows results using different instruments for quality that highlight the presence
of serially correlated measurement error. If the measurement error in quality is persist-
ent then wjt in equation (6) cannot include lags of quality. A proper set of instruments
could include, instead, the lags of another measure of quality "EQ VAS": a more impre-
cise measure of zjt ẑjt, such that log(ẑjt) = log(zjtµjt). I assume that the measurement
error µjt is independent of the measurement error ηjt, because the participation rates and
accuracy is documented to be different between the two measures (Feng et al. (2014)). For
identification I also use quality shifters like Waldfogel instruments capturing for example
the percentage of the elderly population, the level of economic deprivation of the elderly or
the presence of architectural barriers in the area. If, instead, I use as an alternative instru-
ment that has a measurement error that is not credibly independent of ηjt the estimates
are downward biased. In particular, using lagged EQ 5D, another measure of quality com-
ing from patients surveys, I under-estimate the costs and obtain that a large percentage
of marginal costs are negative. The reason is that such measure is highly correlated with
quality (zjt) and its measurement error cannot be considered to be independent of ηjt.

Finally, to account for the presence of input prices for bed space, temporary external
staff and prostheses, I do the following. I divide my costs by the hospital specific Market
Forces Factor (“MFF”) to account for local differences in prices of land, rent or external
staff. The MFF has been designed by the NHS specifically to capture these differences. I

43hospitals can be foundations and re-invest their profits in the hospital, alternatively they have to give
the profits back to the NHS

44For robustness check I also included inspections by the quality commission CQC, that happen more
often if the hospital does not meet certain quality criteria. Additionally they would put pressure on the
hospital to improve their quality performance.
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include time fixed effects to account for the permanent staff salaries that change over time,
but are the same across the country. However, I do not observe prostheses prices and I
do not include them in my estimation. This choice, however, does not depend on data
availability alone.

The prostheses price differentials are due to two elements: quality differences and hos-
pital procurement choices (for example a long standing relationship between one hospital
and one manufacturer). Given that these inputs are not homogeneous in quality, including
them would mean that the coefficient of the quality terms would capture the cost of better
clinical outcomes net of input quality. To avoid this, I would choose not to include the
prices even if I could observe them. The remaining differences due to procurement relations
are instead assumed to be captured by the productivity term Ωjt.45

Table 2: Estimates of the cost function

Dependent variable: Total Cost
(1) (2) (3)

q 1.21 1.24 1.25
(0.03) (0.03) (0.05)

z 2.56 -16.18 -14.52
(3.34) (3.83) (7.26)

q2 -0.03 -0.03 -0.03
(0.01) (0.00) (0.01)

z2 -0.36 2.69 2.56
(0.55) (0.63) (1.20)

Complexity "cc" 0.51 0.31 -0.11
(0.05) (0.07) (0.11)

Year fixed effects Yes Yes Yes

No. obs 695 695 695

Note: Clustered standard errors in parentheses.
(1) using EQ5D as instrument for quality and
(2) using EQ VAS, (3) only quality shifters

45Given that I use the Arellano-Bond strategy I have extra flexibility in the assumptions. I could assume
that there is another unobservable capturing this aspect. I would only have to assume that it follows a
separate AR(1) process with the same parameter ρ, as long as the innovation/shock in this process is
orthogonal to my instruments.
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Table 3: Marginal costs and non-profit motives in British Pounds

Mean 90 perc. 75 perc. 50 perc. 25 perc. 10 perc.

Panel A: Costs ∂C
∂q 5,119 6,430 5,670 4,994 4,336 3,812
∂C
∂z 99,055 179,632 125,008 82,008 52,822 34,790
∂C
∂z

1
q 295 402 347 291 243 193

Panel B: Non-profit ∂v
∂z

1
q 225 420 306 207 124 25

Note: non-profit motives backed out from FOC of the hospitals, average price £5,500

4.4 Non-profit motives

I assume that hospitals have non-profit motives, they include purely altruistic motives
as well as unforeseen health benefits for the patient, who may not fully understand the
short and long term consequences of better care. I estimate them as the difference (in
each period) between the monetary component of the marginal revenue of quality and
marginal costs of quality (MCz) in equation (2). I can observe that the marginal cost of
quality is larger than the monetary component of the marginal revenue of quality. The
difference shows that hospitals are providing quality beyond what would be optimal for
profit maximizing firms. The size of these non-profit motives varies across hospitals and
to better understand their size I reported in table 5 the non-profit motives per patient.
Interestingly, I can observe that the non-profit motives are positively correlated with market
shares: the hospitals with greater market shares have larger non-profit motives.

The benefit of having both demand and cost data is that it is possible to more carefully
estimate marginal cost and quality elasticity without backing them out from the FOC’s
as in Berry et al. (1995). This is especially true in the case in which hospitals are not
profit maximizing. Not considering non-for-profit motives could lead to a biased estimates
of marginal costs or elasticity of demand. If one was only estimating demand and was
to back out marginal cost from the FOC’s, without considering non-profit motives, it
would underestimate marginal costs - potentially having marginal costs close to zero. This
happens because marginal revenues alone would correspond to low costs, but, actually,
higher costs are incurred because of the non-profit motives. If, instead, one was trying
to back out dqj

dzj
from the FOC’s using marginal costs, it would over-estimate patients’

preferences for quality. This happens because marginal costs are higher than marginal
revenues in presence of non-profit motives.

5 Counterfactual analysis

In this section i) I calculate the welfare loss arising from current uniform prices, ii) compare
the welfare effects arising from higher uniform prices vis-à-vis the introduction of quality-
based prices and finally iii) explore the importance of differences in efficiency and market
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power in determining my results.

The choice of this paper to use simulations to study quality-based prices is threefold.
Firstly, there is no large scale application of quality-based prices in hospital settings that
would allow to study the issue empirically. Secondly, theoretical results about quality
provision are not clear. Already Spence (1975) and White (1972) showed that regulation
and market power may lead firms to provide different sub-optimal levels of quality (White
especially showed this for health systems with administratively set prices). For this reason,
when analyzing quality provisions studies as Crawford et al. (2018) have estimated the
effects on quality in specific market configurations. Thirdly, simulations present advantages
that empirical studies would not be able to offer. With simulations it is possible to get
a measure of the potential welfare effect of different range of prices and also explore the
channels driving the results.

Externalities and welfare loss from uniform prices. To evaluate the impact of
different types of prices I need to fully specify a total welfare function. To complete the
specification I discussed in previous sections I need to parametrize the positive externalities.
Positive externalities arise from many health care surgeries/treatments, but in this case
they are particularly evident. Improving mobility of patients is good not just for the
patient, but for the health system that does not have to provide additional services for
patients with limited mobility and for the potential complications arising from it. A better
treatment would lead to less government expenditure later on as well as less need for
intra-household support. Additionally, a person with improved mobility can be a more
active member of society be it at work (paying more taxes) or in household production. I
parametrize the externalities as ΨExt(zj) = ψ zj qj(zj , z−j).

To quantify the parameter ψ I use as reference the monetary value of Quality-Adjusted
Life Years ("QALY") estimates related to hip replacements from other studies: Appleby
et al. (2013) and Fordham et al. (2012).46 QALYs indicate the utility arising from medical
treatments due to longer life spans (more years) or increased quality of life, and 1 QALY
corresponds to one full year of full quality of life. The UK government attaches to 1 QALY
a value between £20,000 and £30,000.47 This value according to the National Institute
for Health and Clinical Excellence is meant to include both a monetary valuation of the
private utility arising from treatment, but also potential social externalities.48 Different
values of ψ imply different sizes of the externalities. In particular, for higher values of ψ
the externalities are larger.49

A value of ψ = 150 would be a conservative estimate and would be underpinned by the
following calibration. The sum of consumer surplus, non-profit motives and externalities
together would correspond to 0.8 QALY (on average) per patient at £20,000 per QALY

46Both studies indicate that hip replacements in England led, on average, to around 0.8 QALY in terms
of increased quality of living over 5 years and 2.77 QALYs over 15 years.

47Irrespective of whether the QALY arises from longer life span or improved quality of life.
48Included in the NICE (the National Institute for Health and Clinical Excellence) guidelines.
49See Appendix D for an illustration.
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per patient.50 The value of hip replacement including private and social value is estimated
in the mentioned studies at 0.8 and 2.77 QALYs. At the chosen value of £150, externalities
represent 21% of the value generated by the hip replacements. At ψ = 150 the welfare loss
is around 14%. Without externalities the welfare loss would be around 5%.51

Quality-based prices v. uniform prices. By introducing quality-based prices the
government would change hospitals objective function. Instead of having fixed uniform
prices, hospitals would face prices that depend on the observed clinical outcomes. Quality
is observed with a measurement error and this leads to a term P (z̄):

(1 + τ︸︷︷︸
reward or
punishment

P (z̄)︸ ︷︷ ︸
Probability of

observing z̃ > or z̃ < z̄

)

fixed price︷︸︸︷
p̄ .

Quality-based prices and hospital choice

Figure 2: Reward above z̄ = 22.5 Punishment below z̄ = 20.2

The change in prices affects the marginal revenue of quality, in case of a reward above
a threshold z̄ or a punishment below another threshold z̄ as in Figure 1. The bump is due
to the fact that the derivative of the incentive is larger around that threshold.

Assuming that hospitals compete Bertrand-Nash in expected quality, I simulate the
welfare effects of having either higher uniform prices or quality-based prices with different
levels of rewards or punishments in correspondence to different quality threshold z̄.

In this section, firstly I briefly present the results and, then, I discuss the mechanisms at
play behind these results. The measure that I display in Table 5 is: Welfarereform−Welfarecurrent

Welfareoptimal−Welfarecurrent
,

whereWelfarereform is the level of social welfare achieved with the different reforms, either
higher uniform prices or quality-based prices. The measure is meant to capture the per-

50It is a lower bound because this corresponds to a patient who had a low outcome (compared to the
best outcome in the sample) needing 60 minutes a month (for five year) of extra care from family members
or social workers, for £22 per hour. This amount per hour is indicated by the Department of Health when
evaluating externalities, in terms of hours of work lost by employers because of illnesses of employees. 1
year could be rationalize either with a strong discounting or a combination of expected time of death and
natural deterioration of health outcomes.

51To convert the utility of patient into monetary value I use the value of waiting time in NHS lists
following the estimates in Propper (1990).
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centage of the gap in welfare between the baseline current level of welfare and the optimal
welfare that is reduced by the introduction of the different reforms. I present in Appendix
E a decomposition of the welfare effects by their different components (consumer surplus,
etc.), in Appendix G the break down of the impact on consumer surplus by category of
patient.

Table 4: Welfare changes under different reforms-2013

% of the difference b/w optimum social welfare and baseline welfare
No m. error W/ m. error

Panel A: Uniform price increases

−10%p̄ uniform price increase -10.7%
+10%p̄ uniform price increase 8.5%
+15%p̄ uniform price increase 11.9%
+20%p̄ uniform price increase 14.8%

Panel B: Rewards for high quality

+10%p̄ above median z 9.0% 16.3%
+20%p̄ above median z 19.5% 23.5%
+30%p̄ above median z 25.6% 27.6%
+40%p̄ above median z 29.4% 30.4%

Panel C: Punishments for low quality

−10%p̄ below mean z -7.3% -25.2%
−10%p̄ below 3 st. dev. from median z 1.0% -0.0%

Note: Cost of public funds are assumed 30% of raised funds.

Uniform prices. The welfare effects are not very large, given the curvature and slope
of the marginal revenues and marginal costs. Marginal revenues are relatively flat given
that quality elasticity is low while marginal costs are steep, so a small change in marginal
revenue does not lead to a large change in quality and welfare. Higher uniform prices,
similarly to Hackmann (2019) have a relatively small, but positive effect on welfare: they
lead to an increase in quality, but the effect is compensated by additional costs as well
as higher levels of distortionary taxes needed to cover the related additional government
expenditure.

Rewards for higher quality. To make comparisons easier, in Table 5 I included price
reforms that would be approximately government expenditure neutral: for example a 10%
uniform price increase v. a 20% reward for quality above average quality.52

Quality-based prices in the form of rewards have larger positive effects on welfare than
higher uniform prices. This is driven by the fact that a smaller amount of public money

52Average and median are close in my sample. The reason why there may be a discrepancy in government
expenditure in the two pricing alternatives is due to the fact that more patients may be attracted from
the outside option in the case of the rewards.
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Figure 3: Uniform prices v. rewards (in 2013)

is used in a more effective way. There are two main channels that determine the benefits
of rewards. On one side, there is the re-allocation to the best hospitals that happen to
be typically also the most productive. On the other side, a more indirect effect is at play
due to the presence of measurement error in quality and competition. I call this effect
“indirect” because they lead to a change in quality from not directly affected hospitals.

Given that quality is a strategic complement, not just the rewarded hospitals increase
quality, but also the other hospitals when they are competing with rewarded hospitals.
From the government perspective this has the advantage of delivering an increase in quality
without additional government expenditure. However, the net effect on welfare of this
increase in competition depends on the costs of these competing hospitals. If their increase
in costs is too high, the net effect may not be positive.

Another element at play in quality-based prices is the presence of measurement error
in quality. This leads hospitals around the threshold to react even if they would not do it
in absence of measurement error. In particular, hospital that would provide quality below
the threshold but not too far from the threshold are also affected by the quality-based
prices. They increase quality because in expectation they have higher expected marginal
revenues, even if in the end some hospitals will not receive the rewards after not reaching
the threshold. In this way quality-based prices lead to another “un-rewarded” increase in
quality, which, in turn, also puts more competitive pressure on other hospitals. The effect
of measurement error on welfare varies in the different scenarios but is around 20% of the
effects of the reforms. For a more theoretical discussion about the impact of quality-based
rewards see Appendix A.

Punishments for lower quality. Finally, punishments for lower quality have a negative
or null effect on welfare. They lead to a decrease in quality: the hospitals providing the
lowest quality would not have incentives to keep quality at the level afforded by uniform
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Figure 6: Note: Quality distribution w/ an increase in price of 10% above one standard
deviation above median quality (left) or a 20% uniform price increase (right).

prices and they would lower their level.53 Given that the worst hospitals are typically
less productive this may be welfare enhancing. However, the effect is compensated by a
decrease in competition and by the presence of measurement error that work in this case
in the opposite directions.

With regard to welfare, in this case quality-based prices lead to reductions in costs and
government expenditure, however, these savings are smaller than the value lost because of
patients receiving lower quality in the markets affected by quality-based prices. The result
is in line with an analysis of a pilot reform implemented by the NHS in 2014 reform which
introduced punishments of 10%p̄ for quality below 3 standard deviation from the mean.
In a difference-in-differences analysis I found that the reform led to a small decrease in
quality.I included the analysis in Appendix I. My analysis suggests that punishments may
have the unintended consequence of reducing quality and welfare rather than increasing
it.54

Interestingly, price discrimination based on lower quality here is not welfare enhancing.
The reason is that the competition and measurement error effects dominate the impact
of the punishments and leading even more hospitals to decrease quality even without a
reduction in government expenditure. This can give us an indication of the relative size of
the different effects.

The role of provider heterogeneity and re-allocation. In this subsection I discuss
the role of provider heterogeneity on the performance of quality-based prices vis-à-vis
uniform prices. In particular, I look at the role of productivity differences (contained in

53Importantly, the relation between payment and welfare effects is due to the fact that in this paper
quality is costly and additional resources are needed to reach higher levels of quality.

54This point of view could be contrasted by another view: that hospitals are slacking or need to increase
their productivity. In this paper I took the view that such control is harder to materialize. This is not
an uncommon assumption in the productivity literature and and it is motivated by two empirical facts.
On the one side, the UK has adopted a yardstick competition that should incentivize a convergence to the
same level of productivity and unit cost, but such convergence has not materialize. On the other side, in
recent years hospitals have challenged the NHS on their ability of increasing their productivity and have
been able to prevent large decreases in uniform prices.
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the residual of the cost function) and differences in other hospital characteristics.

Productivity differences are an important driver in differences in marginal costs, but
their impact on welfare is limited by the fact that marginal costs are increasing. Productiv-
ity determines the intercept and slope of the marginal costs curves. Higher productivity
hospitals have lower intercepts and less steep slope. However, given that marginal costs are
increasing, the realized value of the marginal cost depends on the level of quality provided.
For this reason, lower productivity hospitals can have lower realized marginal costs than
more productive hospitals if they provide lower quality. The level of realized marginal cost
is an equilibrium outcome and depend also on the level of the marginal revenues (determ-
ined by market size as well as other hospital characteristics). This implies a de-coupling
between realized marginal cost and productivity. Contrary to what happens when mar-
ginal costs are constant, the most productive hospital may not be the one with the lowest
marginal cost.

This has implication for the role that outcome-based prices can have in the re-allocation
of resources to the best hospitals and how this re-allocation affects social welfare. Chandra
et al. (2016b) has highlighted how the health care sector is not different from other sectors
in that we can observe a re-allocation to the best and typically most productive hospitals.
In my paper I show how this re-allocation can be helped by outcome-based prices and
enhance welfare, especially given that I do find a positive correlation between productiv-
ity and quality. However, I also want to highlight that this may not always be welfare
enhancing and that re-allocation to the best and most productive hospitals may have a
smaller role in improving social welfare in presence of increasing marginal costs. As mar-
ginal costs increase, it becomes not socially optimal to re-allocate further to the best and
most productive.55

Additionally, hospitals have additional characteristics that are valued by consumers
and this may also limit the benefits from re-allocation. When the best hospitals do not
attract all the patients from competitors, they perform less positively in other dimensions,
for example waiting time. For this reason, if a patient chooses to go a better hospital
after the introduction of outcomes-based prices, she will experience an net improvement in
consumer surplus. However, she will also lose in terms of waiting time, so the net increase
is smaller when considering all hospital characteristics.56

Increasing marginal costs and other hospital characteristics also make less obvious
what is the efficient scale of the hospital. While a social planner may be tempted to choose
levels of production where hospitals are at the minimum of the marginal costs curves, this
would not be optimal. On the one side, marginal costs are functions of both quantity and

55To the extreme, if patients have decreasing utility from quality, re-allocation to the best providers may
not be optimal at all, even if the best hospitals are the most productive.

56This keeping waiting time fixed. If waiting time was to increase at the best hospitals and patients may
even decide not to choose that hospital. In my paper, I do not model changes to waiting time, as they
change in number of patients in small compared to the size of the orthopedics departments. Additionally,
waiting time for surgery does not work as a typical queue: slots are designed considering the needs of the
entire department as well as the needs of the patients.
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quality: the quality offered at the minimum of these curves may be too low and lead to
too important losses in consumer surplus. On the other side, heterogeneity in hospital
characteristics imply that some hospitals should produce more simply because they have
higher levels of hospital characteristics appealing to patients.

The role of competition. Quality-based prices affect the competitive dynamics
between hospitals. As anticipated, rewards can increase quality competition, while pun-
ishments may diminish it. Quality is a strategic complement and even hospitals that are
not directly rewarded or punished react to the change in quality by the hospitals that are
directly affected. To show the importance of this channel I decomposed the aggregate effect
of the introduction of quality-based prices into the effect in different markets with different
numbers of competitors. This analysis is limited by the fact the hospitals in the different
markets have different characteristics and cost structures. Nevertheless, the analysis can
give some interesting indications. Additionally, I selected the market with the most similar
characteristics for this exercise.

As shown in the table, local monopolies are characterized by a smaller welfare effect
when not considering the role of measurement error. This can be explained by the fact
that there is no effect of competition on not directly affected providers. In the case of
rewards, competition seem to have a positive effect on welfare because in the markets with
more providers the welfare effect is larger. The Intuition is that in markets with 5 hospitals
and in markets with 13 and 19 hospitals respectively the effect of re-allocation should be
similar given that hospitals have similar characteristics and quality distributions. The
higher effect of rewards in markets with 13 and 19 competitors could be attributed to the
fact that there is a more intense indirect effect due to competition.57

The role of uncertainty. As previously discussed, the measurement error introduces
a level of uncertainty in quality-based prices. Regulators are rewarding the achievements
of hospitals based on observed quality, but hospitals do not have full control of observed
quality, because of the presence of measurement error. This uncertainty creates an addi-
tional potential channel for quality-based prices to increase welfare. In Figure 7 I show
that for higher levels of rewards the role of uncertainty diminishes. This happens because
as the size of the reward increases the marginal revenue of quality shifts upwards directly
influencing more and more hospitals even without uncertainty.58

Optimal quality-based prices. The combination of this last effect on expectations,
increased competition and the fact that higher quality hospitals may be more product-
ive can be exploited to reach higher levels of welfare. In particular, using the threshold
level for the rewards one can exploit these effects and obtain optimal quality-based prices.
Threshold levels and reward sizes can be combined to minimize government expenditure
and boost quality. A higher threshold reduces government expenditure, while a higher

57It is also interesting that the effect levels between 13 and 19 competitors which could be in line
Bresnahan and Reiss (1991).

58Settings with high rewards can lead to multiplicity of optimal private decisions and equilibria. I assume
that the hospitals would always choose the highest quality for which MRz = MCz.
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Table 5: Welfare changes in different local markets

% of the difference b/w optimum social welfare and baseline welfare
No m. error W/ m. error

Effect in competitive mkt #competitors=19

+10%p̄ uniform price increase 9.8% -
+20%p̄ above mean z 10.3% 14.9%

Effect in competitive mkt #competitors=13

+10%p̄ uniform price increase 9.6% -
+20%p̄ above mean z 12.6% 13.2%

Effect in local monopolies #competitors=5

+10%p̄ uniform price increase 7.9% -
+20%p̄ above mean z 5.2% 12.7%

Effect in local monopolies #competitors=1

+10%p̄ uniform price increase -1.6% -
+20%p̄ above mean z 3.4% 6.8%

Note: cost of public funds λ = 0.3, threshold: z̄ = 21.04

Figure 7: Role of shock in welfare effects (in 2013)

reward for few hospitals can enhance the strategic responses of other hospitals. A too high
threshold would involve a too small number of hospitals, so it is not optimal to increase a
threshold indefinitely. A higher reward would instead become more and more expensive for
the government and lead to a smaller importance for uncertainty. I solve for the optimal
combination of reward size and threshold level that reaches the maximum achievable by
quality-based rewards. It would lead to cover 37% of the gap between the welfare with
baseline prices and the social optimal welfare.
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6 Policy implications: Beyond hip replacements

So far I have discussed quality-based prices in the context of hip replacements surgeries
in the English NHS. Nevertheless, my framework could be applied to other surgeries in
other health care systems that follow DRG-like59 reimbursement schemes. In this section I
highlight three considerations that should guide policy makers that wanted to implement
quality based prices in other contexts.

Correlation between cost and quality. For quality-based prices to deliver positive effects
on welfare, the re-allocation to the best providers should lead to a non-negative effect.
In my paper this is the case because there is a positive correlation between quality and
productivity: the best hospitals tend to be the most productive. Conditional on the level
of quality, they have lower marginal costs than less productive hospitals. If this was not
the case, the least productive hospitals would provide higher quality. It would likely lead
to a smaller or even negative effect from re-allocation as their costs increase sharply with
quality. One way to rule this out is if there is a positive correlation between quality and
other hospital characteristics. This would reduce drastically the probability that lower
productivity hospitals would provide higher quality. In fact, higher quality is higher due
to high marginal revenues curves (due to other hospital characteristics, market size or non-
profit motives) or lower marginal costs curves (which directly depends on productivity).

Input flexibility. In my paper, I assume that hospitals can freely change their level
of inputs and adjust quality. This is reasonable in the context of hip replacements and
for the small increases in prices I considered.60 If quality-based prices were rolled out
in more surgeries and in other contexts flexibility may become an issue. In particular,
the availability and the importance of senior medical staff may vary impacting the ability
of hospitals to increase quality in response to price changes. This would mean that some
hospitals would be more able to increase quality than others, reducing the effect of quality-
based prices and leading to a stronger re-allocation to the hospitals with higher flexibility.
While this may still be socially optimal, it may lead to concerns in terms of inequality of
access for the patients living far away from “flexible” hospitals.

In the specific context of this paper, this higher flexibility in hiring can depend on the
ability to attract better medical staff and it is included in the productivity term. Given
that doctors are paid the same at the same seniority level, differences in ability of doctors
of the same grade would influence the level of productivity. Additionally, given that pay
is not a relevant driver of choice, other characteristics of the hospitals may attract doctors
differently: hospital reputation, working conditions and other characteristics (for example
geographical location). Then, the ability of attracting better doctors would influence the

59The Diagnosis Related Group system is widely adopted in many countries and it originated in the U.S.
Medicare. In this system hospitals are paid a regulated fixed amount of money, a "price" for each surgery/
treatment they perform.

60This was confirmed with industry experts in relation to the ability of recruiting medical staff in the
different English hospitals, especially considering the very active NHS hiring of nurses and doctors on the
international market.
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meaning of re-allocation to the most productive hospitals. I regressed productivity on
several characteristics, including type of hospital (teaching, specialist or not), reputation
and staff satisfaction. They explain very little variation in productivity, but other charac-
teristics may still influence doctors decisions and therefore productivity.

I want to highlight that there could be a different impact in urban areas vis-à-vis
rural areas. Urban areas may be able to attract more doctors and hospitals with better
reputation may be able to hire better senior doctors. This is not per-se an issue. As
long as patients live in the same urban area, this will not impact significantly consumer
welfare if other characteristics do not change. In rural areas, if the hospitals lose senior
doctors to cities after the introduction of outcome-base prices this may impact consumer
surplus because patients would have to travel too far. Doctors who are in rural areas,
however, they may have strong geographical preferences and generally not be willing to
move. To understand the issue I regressed changes in staff on local area dummies and I
saw that rural areas had considerably less inflow and outflow of doctors per capita. As a
consequence outcome-based rewards may not affect negatively rural areas, but consumers
in rural areas may be less able to benefit from the rewards.61

Selection. In this paper patient selection is not considered to be a concern. I assume
that hospitals do not decide to serve easier patients to boost their performance. This
rests on four considerations. Firstly, the measure of quality considered is constructed to
control for many patient characteristics, this should limit the selection ability of hospitals.
Secondly, hospitals are not allowed to reject patients. Thirdly, even if they could use
other channels like waiting time to select patients, I do not find evidence that patients
observables significantly influence waiting time. Fourthly, the more difficult patients as
shown in Appendix G are very elastic and are willing to wait longer for quality, limiting
the ability of hospitals to use this channel.

This may not be the case in other contexts and hospitals may have other channels that
they can exploit to select patients. For this reason, policy makers should restrict quality-
based prices to high volume surgeries for which they can control for patient characteristics
and monitor closely the introduction of such a price regime. The influence of hospitals may
also happen in the data collection and affect the measurement error in quality. To avoid
this, it is reasonable to think that policy makers should assign centrally the data collection
to third parties to limit hospitals’ influence.

7 Final remarks

Governments aimed for many years to create health care systems that combine high quality
health care services with cost containment. Competition and price regulation have been
used widely to achieve this goal. More recently, quality-based prices, that link payment
to clinical performance, have been proposed and experimented by some regulators. In

61Future versions of this paper will address this topic more organically.
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this paper I develop a framework to evaluate the impact of quality-based prices, taking
into account the potential re-allocation effects across hospitals with different productivity
levels. I show that quality-based prices lead to an improvement in welfare and I develop a
model of supply and demand to quantify this positive effect in different simulations.

I apply my framework to hip replacements in the English NHS, a type of surgery
for which the NHS has started using quality-based prices. In my simulations, the total
welfare gains with quality-based prices are at least twice effective compared to uniform
prices. The price regime effect relies on rewarding higher prices only to few hospitals and
operates through three channels: re-allocation to the most productive, competition and
measurement error.

I observe in my simulations that the importance of the three channels is similar and
that the re-allocation channel may be less important than what it would be usually ex-
pected. This is due to the fact that hospitals have increasing marginal costs and multiple
characteristics. This limit the benefit from re-allocation as costs increase also for the most
productive hospitals and these hospitals may not be the best across all characteristics.

The importance of the channels of competition and measurement error vis-à-vis real-
location also explains that I find a negative effect on welfare of quality-based punishments
for lower levels of quality. Punishments lead to lower government expenditure and help
diverting patients from the worst and least productive providers. However, they also lead
to “extra” lower quality because of lower competition and the presence of measurement
error.

From a methodological perspective I apply methodologies from the productivity liter-
ature to a cost function in quality and quantity. They allow me to distinguish between
inefficiency and cost of quality. Not considering this difference would lead to unreliable
estimates for the cost of quality and misleading conclusions on the welfare effects of quality-
based prices. In fact, to draw reliable results it is crucial to individuate the hospitals that
provide quality more efficiently, not simply those that have higher or lower unit cost.

Finally, I point out some caveats that policy makers should consider when applying the
promising tool of quality based prices. The level of productivity of the best hospitals, the
flexibility of inputs and patient selection can change the welfare effect of re-allocation and
the equality of access to care for all patients.

I hope that this analysis can help bring focus to the potential of outcome-based prices
and on policies directed to improve welfare for patients in regulated health care markets.
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8 Appendix A - Comparing an increase in uniform prices and
quality-based prices (rewards)

In this session I compare graphically and with the help of some delta algebra the welfare
effects of uniform prices v. quality-based prices (rewards). The effectiveness of quality-
based prices depends on the correlation between cost efficiency and competition as well as
on the curvature and slope of the cost functions. In this section I want to show how the
comparative performance of the two price regimes depends on these different factors. For
the purpose of this exposition I abstract away from the presence of measurement error in
quality.

There two main effects that arise from the use of quality-based prices. Direct effects
that arise from targeting directly with rewards only the hospitals providing higher qual-
ity. Indirect effects, instead, arise from additional competition created by these prices.
The hospital providing higher quality would be incentivized to increase quality, spurring
competition from the other hospitals that are not rewarded. Some patients would change
provider and if they create more welfare with the new provider, either because of extern-
alities or lower costs, this would be welfare enhancing. Additionally, this would create an
"un-rewarded" increase in quality.

To better understand these two mechanisms at play I show the market outcome of an
equal increase in either the size of rewards τ or the size of uniform prices ϕ and compare
their effect on welfare in two cases. The first case, that would cover the direct effects, is one
where there only local monopolies in the NHS. The second case would cover the indirect
effects and would show the effect of liberalizing a market with more than one hospital,
letting patients the freedom of choice instead of limiting them to one hospital option.

W =
∑

j=L,H

CSj(z
∗
j , qj(z

∗
j )) +

∑
j=L,H

ΨExt(z
∗
j ) +

∑
j=L,H

vj(z
∗
j )

−
∑

j=L,H

Cj(z
∗
j , qj(z

∗
j ))− λ

∑
j=L,H

[(1 + ϕ)p̄qj(z
∗
j ) + τ p̄qj(z

∗
j )1(zj > z̄)]

In the first case, I consider the case of two local monopolies with different MRz and
MCz. Hospital H, defined such that τ → z∗H > z̄ ∀τ ∈ T , support τ and Hospital L,
defined such that τ → z∗L < z̄ ∀τ ∈ T , support τ . Firstly, I increase τ by ∆τ while keeping
ϕ = 0, then I increase ϕ by ∆ϕ while keeping τ = 0. Crucially, ∆τ = ∆ϕ. Hospital H is
affected by ∆τ and ∆ϕ in the same way.

Figure 8: ϕ (uniform) increase for H τ (reward) increase for H
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> 0

All the action is then with the lower quality hospital L, uniform prices deliver a greater
welfare effect than the quality-based rewards if the additional quality delivered by L is
creating net positive welfare. Graphically, this is the case if the shaded area in the graph
(given by the by the social marginal benefit minus hospital costs) below is greater than
the additional government expenditure needed to fund the price increase.

Figure 10: τ (reward) increase for L ϕ (uniform) increase for L

In the second case I show the effect of competition. Let’s think of a situation where the
previous local monopolies existed as monopolies because the NHS was not allowing patients
in one county to go to the hospital in the other county. A liberalization of patient choice
would allow for competition. Hospital L would now being able to attract less patients (also
from the outside option) while hospital H would be able to attract more. The reason for
this is that H has higher quality and some patients will switch to H (assuming that if there
are other characteristics these are the same between the two hospitals before and after the
liberalization). L creates now less welfare, while H creates more welfare. If the welfare
created by H is greater than the loss by L then the re-allocation is welfare improving
(graphically the difference between the two shaded areas minus the additional expenditure
created by the new patients that join H from the outside option). The patients who switch
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do so because they would get more utility from hospital H, but the welfare difference
depends on the costs, the non-profit motives and externalities created by H compared to
L. This analysis abstracts from the case of differences in other characteristics. If L has
other characteristics which are different (e.g. waiting time) from H, it may also attract a
net inflow patients after the liberalization. In that case, H would be able to attract less
patients and would create less welfare, however the difference of the shaded areas would
still give the difference in welfare (gross of the additional government expenditure for the
new patients joining L from the outside option).

Figure 11: Effect of liberalization (no other hospital characteristic except quality)

Combining the two effects, welfare is affected by additional benefits from competition,
as described at the beginning of this section. In a competitive environment Hospital H
would increase quality further causing hospital L to match in part this quality increase
(quality is a strategic complement). As L would not receive a reward, this would lead to
an increase in quality for which the government would not have to pay. Additionally, this
would lead to an additional re-allocation towards H, and, if the costs of H are lower or H
generates more non-profit motives or externalities, this would have an additional positive
effect on welfare.62

9 Appendix B - Production function and cost function dual-
ity

From the problem of the hospital choosing its inputs I can derive the cost function modeled
in section 5. Consider the following maximization problem where the production function
F (K,L,M,Ω) = KβKLβLMβMΩ. I omit for simplicity of notation the subscripts j, t
for hospital j and time t. Each hospital transforms inputs K,L,M in two outputs q, z

62A uniform price increase may also lead to a re-allocation toward one or the other provider depending
on the MRz and MCz curves.
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according to the transformation function T (q, z) = F (K,L,M,Ω). K is capital, L is labor,
M is material, C is cost, r, w, p are input prices and Ω is productivity.63

max
K,L,M

KβKLβLMβMΩ

s.t.

C = rK + wL+ pM

Let’s define the lagrangian of the problem:

L : KβKLβLMβMΩ+ λc(C − rK − wL− pM)

Setting the F.O.C.’s to zero:

∂L
∂K

: βK
KβK

K
LβLMβMΩ+ λcr = 0 (8)

∂L
∂L

: βLK
βK
LβL

L
MβMΩ+ λcw = 0 (9)

∂L
∂M

: βLK
βKLβL

MβM

M
Ω+ λcp = 0 (10)

∂L
∂λc

: C − rK − wL− pM = 0 (11)

Re-arranging and dividing (5) by (6) and (5) by (7), I obtain:

(5)

(6)
:
r

w
=
βK
βL

L

K
⇐⇒ K =

w

r

βK
βL

L (12)

(5)

(7)
:
r

p
=
βK
βM

M

K
⇐⇒ K =

p

r

βK
βM

M (13)

Equating the above:

M =
w

p

βM
βL

L (14)

Substituting in T (q, z) = KβKLβLMβMΩ:
63An equivalent formulation would include senior labor and junior labor and would not change anything

for the estimation of the cost function. A similar reasoning would apply to different types of prostheses.
However, while all levels of seniority of doctors are available and chosen by hospitals, hospitals choose only
one type of prostheses. This will influence which input prices appear in the estimating equation, I discuss
this further in the main body of the paper.
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T (q, z) =

(
w

r
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L

)βK

LβL
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=
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) 1
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Substituting (16) into (11) and (13):
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Substituting (16), (17), and (18) in C = rK + wL+ pM :
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Re-arranging, where
∑

b βb = βK + βL + βM :
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By taking the logs of the expression above I obtain the equation presented in section 5,
where g and h are functions of input prices and β′s respectively, and log(h(βL, βK , βM ))
is included in the constant term α0:

log(C) = log(T (q, z)
1∑
b βb ) + log(g(Input prices)) + log(h(βL, βK , βM )) + log

(
1

Ω

) 1∑
b βb

If T (q, z) = qzα̃z1expα̃q2(log(q))2expα̃z2(log(z))2 then αq1 = 1∑
b βb

and the equation above
corresponds to equation (5). Equation (5) can also be seen as a second order Taylor
expansion of an unknown function of q, z where the derivative of the interaction term of
q, z is assumed to be zero. To retrieve productivity the only assumption necessary is that
q multiplies all other elements in T (q, z) and its exponent is normalized to 1. In this
way αq1 = 1∑

b βb
and it is possible to back out Ω knowing ω from equation (5), because

ω = log
(
1
Ω

) 1∑
b βb .

10 Appendix C - Qualitative analysis

As part of this study, I have also contacted orthopedic doctors in charge of rehabilitation
and surgery to test some of my assumptions. My intent was to make sure I correctly
understood the decisions of doctors and patients as well as the main facts regarding hip
replacement surgeries. Here, I highlight two points that are useful in the following analysis.

First, the contacted doctors agreed that the most important element in a successful hip
replacement is the quality of the surgery and not the rehabilitation afterwards. Therefore,
it is not surprising that the NHS decided to create quality-based prices for the payment
for the surgery.

Secondly, in light of these interviews with doctors and reading documents from reg-
ulators, hospitals and medical scholars, I individuated the following sources of quality:
better prostheses, more and better staff (doctors and also nurses) and better processes. In
line with Hackmann (2019) and Grieco & McDevitt (2016) it is also true that more staff
per patient will lead to higher quality, but it is not the only factor, e.g. better trained
doctors and nurses will also lead to better outcomes as well as a better organization. In
particular, doctors with more seniority can lead to better outcomes because, usually, the
surgical techniques needed are perfected over decades of experience. In contrast, costs can
be higher not only because of higher quality, but also because of inefficiencies. They can
be bad personnel organization, late diagnosis of a problem due to lower level of monitoring
of patients’ condition, excessively long stays due either to mis-coordination or preventable
complications.

11 Appendix D - Quality choices additional material

Comparative statics: In Figure 8 the MVQ or Marginal Revenue of Quality (MR(z)’)
is shifted upwards (to MR(z)”) or downwards (to MR(z)) by a higher or lower regulated
price p̄ and by the intensity of the non-profit motives ∂v

∂zj
.
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Hospital choice

Figure 12: Marginal value of quality and marginal cost of quality z

12 Appendix E - Counterfactual welfare decomposition

In this section I present the a decomposition of the welfare effects of the different price
reforms studied in my counterfactuals. It can be seen that the role of externalities and
non-profit motives is important. The reason for this is the discrepancy between the QALY
value attached to hip replacement surgeries and the preference parameters for quality of the
patients. This can be due to lack of information about the future benefits of the surgeries
or behavioral biases. Additionally, as discussed in the main body of the paper, improved
mobility is bound to reduce government expenditure for patients receiving surgeries as well
as positively affect family and personal decisions about work and consumption.

Table 6: Total welfare under different reform scenarios. The cost of raising public funds
λ = 0.3. The last column "∆Tax Cost" to see distortionary cost of taxation.

∆welfare in GBP (£)
∆CS ∆Ψ(z) ∆v(z) ∆Gov. Exp. ∆Tax Cost ∆Welfare

Panel A: Uniform price increases

+7%p̄ 7.6m 5.0m 3.9m 21.6m 6.5m 3.9m
+15%p̄ 16.1m 10.5m 8.4m 46.8m 14.1m 7.7m

Panel B: Rewards for high quality

+10%p̄ above 1 std from median z 12.3m 8.1m 6.2m 21.0m 6.3m 8.9m
+20%p̄ above 1 std from median z 22.9m 14.9m 11.7m 45.9m 13.7m 14.4m

Panel C: Punishments for low quality

−10%p̄ below 1 std from median z -15.1m -10.0m -9.0m -23.4m -7.0 m -13.7m
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13 Appendix F - Demand estimation including distance from
centroids

Distance is considered to be very important in patients decisions. If I had data on patients
addresses or on hospitals market shares for people living in each Census tract ("MSOA")
I would use a Berry logit model (Berry (1994)) to retrieve the parameters for distance.
Unfortunately, I do not have this data, but I do have data on the number of people (I
focus on 55 years and older) living in each tract and on the number of patients going to
each hospital j. I can use this information to construct the equation below (as Elickson et
al. (2019)).

qjt =
∑
n∈Mj

ψnpopntsnjt + ξjt where snjt =
eδnjt

1 +
∑

u∈Jn e
δnut

(20)

In the equation we have the following additional elements. Jn is the set of hospitals in
the choice set of individuals living in Census tract n (one of 12 geographical suddivisions
of England).64 Mj is the set of Census tracts included in the catchment area of hospital
j, this set is also defined using the 12 geographical regions.65 ψn is instead a national
prevalence rate for hisp replacements among people aged 55 and older, which is used as
an approximation for the actual tract-specific prevalence rate. popnt is the population of
people aged 55 and older of tract n at time t. ξjt captures firm specific error term which
can be interpreted as measurement error or as an unexpected demand shock.66 Finally, I
can write the formula for the market share of hospital j in tract n in the way spelled out
above based on Berry (1994).

Now I can use the formula in (20) instead of the usual Berry logit formula to retrieve
the parameters of interest. In particular, I use non-linear least squares to estimate equation
(3) minimizing the difference between the observed qjt and the predicted equivalent.

64We perform robustness checks with 5km and 10km radiuses.
65We actually differentiate between urban catchment areas and rural catchment areas.
66This shock will be kept constant in the subsequent counterfactual analysis.
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Table 7: Demand estimates following Ellickson et al. (2020)

Dependent variable: from logit model
(1) (2)

quality (z̃) 0.26 0.09
(0.13) (0.04)

distance -1.92 -0.08
(0.85) (0.00)

percentage wait more than 120 days 0.59 -0.02
(0.86) (0.34)

General reputation - survey 0.31 0.08
(0.13) (0.01)

Cons -23.9 -10.5
(9.97) (1.15)

Year fixed effects Yes Yes

Market fixed effects No Yes

No. obs 579,539 579,539

Note: standard errors in parentheses.

14 Appendix G - Demand estimation with heterogeneity in
parameters

In this section I show the results for two groups of patients: patients with and without
co-morbidities. I show the results of the counterfactuals for the two categories of patients,
particularly looking at the consumer surplus.

Table 8: Percentage of the gap covered with consumer welfare under social optimum

+20m +50m +80m +110m +140m +170m

Panel A: Patients without complexity Higher p̄ 6 13 20 28 36 43
Rewards above median 9 17 26 34 42 50

Panel B:Patients with complexity Higher p̄ 6 13 20 29 36 44
Rewards above median 9 18 27 35 42 51

Note: Monetary equivalent of utility based on Propper (1990)
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15 Appendix H - Cost estimation following ACF (2015)

As additional robustness check I estimated the cost function following Ackerberg et al.
(2015), but adapted to a cost function.

Schematically, the procedure follows the same logic as in a production function:

• 1st stage: Estimate the regression above and Ĉ

• Retrieve ˆω(θ) = Ĉ − C(α′sguessed) with C(α′sguessed) I mean the part of the cost
function with the alpha’s parameters -i.e., terms of quality and quantity. The initial
guess is relatively close to OLS.

• Assume an AR(1) process for ω -i.e., ωt = ρωt−1 + ξt- to retrieve the structural
error ξt. This is the only dynamic aspect of the model, it is nevertheless important,
as persistency in productivity implies that hospitals cannot increase quality as they
want by simply hiring more or better staff. They are limited by their productivity
in the previous period. Crucially, I assume hospitals do not control productivity.

• 2nd stage: Construct the moment conditions E[ξtht−1] and E[ξtst] between the
structural error ξ and the instruments st, ht−1: qt−1, ẑt−1 (and further lagged terms
and interactions included in ht−1), as well as quality shifters.

Notably, given that I assume that the measurement errors are not serially correlated
using instruments also allows me to control for biases due to measurement errors.

Table 9: Cost function estimates

Dependent variable: total cost
Const q z q2 z2 zq

97.333 0.999 -15.081 0.006 3.040 -0.018
(61.889) (0.140) (9.053) (0.007) (1.814) (0.047)

Note: block bootstrap standard deviation in parenthesis
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Table 10: Reform analysis. (1) hospital and year fixed effects, (2) hospital and time-
smaller areas fixed effects, (3) hospital and time-larger areas fixed effects. Clustered stand-
ard errors at the hospital level.

Dependent variable: quality
(1) (2) (3)

γp0 -0.02 -0.018 -0.02
(0.009) (0.009) (0.009)

γp1 0.1208 0.1189 0.1208
(0.006) (0.006) (0.006)

Const. 0.2624 0.2788 0.2739
(0.006) (0.015) (0.009)

R2 0.87 0.93 0.87
Obs. 749 749 749

16 Appendix I -Evidence from pilot reform

In this section, I show evidence from a pilot 2014 reform by the NHS that was designed to
punish (with lower regulated prices) hospitals providing quality below a certain threshold
(three standard deviation below the national average). In particular, I show that post-
reform the average quality provided declined -compared to the improvement in the control-,
even if only to a small extent.

To estimate the effect of the reform I use a difference-in-differences strategy. I use
primary hip and knee replacements (’primary’ as in first intervention for the patient) as
treatment group, because the NHS reform targets these surgeries and as control group hip
and knee replacement revisions, not affected by the reform. These surgeries are typically
performed years after the first intervention, or "primary hip replacement", and are meant
to replace the previous prosthesis affected by wear-and-tear with a new one.

Qualityjkt = γp01Reform2014,t ∗ 1Primary + γp11Primary +Hj + ηareat + ϵjkt

The same doctor and staffs may perform both types of procedures, so there may be
positive spillovers between the two types of surgeries. For this reason, the results should
be interpreted more as a lower bound than the actual effect of the reform.

The effect of the reform is very small, around a 5% reduction in quality with respect to
the baseline. In this analysis I cannot determine the welfare effects that are behind these
results or understand the possible drawbacks and benefits of different possible quality-
based prices. To this end I develop a structural model and simulate the welfare effects of
different designs of quality-based prices. In my simulations I can also individuate which
hospitals are driving the net effects and through which mechanism.
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17 Appendix J - Reforms with lower non-profit motives

In the table below I present the results from a series of counterfactuals setting lower values
for the non-profit motives. The percentage reduction reduces their importance as well as
their heterogeneity.

The increased effectiveness of the quality-based rewards is driven by the fact that non-
profit motives are less heterogeneous in the different scenarios in panel A. In the baseline
scenario non-profit motives compensate for differences in market power and productiv-
ity. As their importance declines, quality based prices can partially compensate for these
differences, while uniform prices cannot perform equally well.

Table 11: % welfare gap to social optimum for different levels of non-profit motives

100%∂v
∂z 90%∂v

∂z 75%∂v
∂z 50%∂v

∂z 25%∂v
∂z 10%∂v

∂z

Panel A: With non-profit motives heterogeneity

+7% p̄ uniform price increase 6.1% 6.2% 6.3% 6.6% 6.8% 6.9%
+10%p̄ above 1 st. dev. from mean z 13.6% 14.4% 16.0% 16.7% 17.2% 18.0%

Note: cost of public funds are assumed 30% of raised funds (Poterba, 1996), marginal externality valued at £150
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