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2 THE WELFARE IMPACT OF NARROW NETWORKS

1 INTRODUCTION TO NARROW NETWORKS

A good way to introduce the core tradeoff at the heart of narrow networks is to think about the
role of insurance. Insurance arises naturally out of risk-aversion. Individuals who wish to protect
themselves from risk will willingly enter into contracts with less risk-averse entities (generally
firms that can aggregate risk across many individuals). These contracts are welfare-enhancing
because they increase the individual’s utility. In exchange, the firm charges a premium. In an
ideal world, the insurance contract is as comprehensive as possible, and all individuals are in-
sured. Narrow networks move away from a comprehensive insurance contract by limiting the
set of providers that a patient can visit to receive care. This is suboptimal, so one could naively
propose a policy that forces insurers to cover all providers.1 What would happen then? Insurers
would be forced to accept whatever price hospitals want to charge. In turn, they would probably
have to raise cost-sharing, as a means to keep spending down. This may hurts the value of the
insurance contract even more than restricted networks do. The possibility to restrict access to cer-
tain providers then, can serve as a cost-containment measure. Lower costs mean lower premiums,
and lower cost-sharing, which in turn expand access.

Narrow networks exist in multiple health care markets. We have already mentioned hospital
networks. Pharmacy networks also exist, and can be used to lower the retail price of drugs. Ac-
cess to drugs is itself also often restricted, through what are called formularies. Formularies are
tiered lists of drugs covered by insurance plans. Most formularies exclude at least a few drugs.
Occasionally, specific services may also be excluded from insurance coverage. For example, most
health insurance plans exclude many cosmetic surgical interventions. Dental insurance plans are
even more restrictive, and generally only cover a short list of procedures.

In these notes, I will focus on hospital networks, which is where the bulk of economic research
is focused. We will discuss formularies when we talk about the pharmaceutical market. Research
on service restrictions is extremely limited (within economics).

2 THE WELFARE IMPACT OF NARROW NETWORKS

I start by talking about the downside of narrow networks. The question we are trying to ask is
simple (though the answer is anything but): how much insurance value do we lose by restricting
networks?

2.1 Reduced-form evidence

We start from Dafny et al. (2017), a relatively simple reduced-form paper. The paper uses data
on premium and characteristics of health insurance plans offered on the health exchanges of eight
US states in 2014 and 2015. The main question they are asking is whether narrow networks con-

1This policy is not entirely naive: Medicare Part D regulation mandates that all drugs in certain protected classes are
covered by insurers.
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2.1 REDUCED-FORM EVIDENCE

Dafny et al. (2017): Paper at glance

Positioning statement: Marketplace premiums in 2014-2016 were much lower than what
the Congressional Budget Office projected. One possible explanation is that the plans of-
fered on the ACA marketplaces covered fewer providers than expected.
Research question: To what extent are narrow networks responsible for the lower-than-
projected premiums in the Affordable Care Act’s health exchanges?
Answer: Narrow hospital and physician networks are associated with 16% lower premi-
ums.

tributed to the lower-than-expected premiums for plans in the Affordable Care Act health ex-
changes, but our main interest in reading this paper is that it provides a simple way to assess the
welfare loss from narrow networks. Intuitively, the difference in the monthly premium between
a full network plan and a narrow network plan can give us a rough guess of the value that the
average consumer places on upgrading the network. With that in mind, let’s look at what the
paper does.

First, some background. When the Affordable Care Act set up the health exchanges, the reg-
ulation required that qualified health plans maintain provider networks with sufficient number
and types of providers to ensure that all services were accessible to enrollees. However, specific
network coverage requirements did not exist, so when the Congressional Budget Office made
projections for premiums, they did not have a clear idea of what networks were going to look like
(and probably expected them to be more generous than they turned out to be).

Narrow networks can lead to lower premiums for two reasons. First, they can lower costs by
excluding expensive and inefficient providers. Lower costs usually translate to lower premiums.
Second, they can provide insurers with a powerful tool to negotiate lower prices: the threat of
exclusion. An insurer that commits to a broad network will have limited options to replace a
provider that is holding out for a high price. Conversely, an insurer with a limited network can
simply replace holdouts using the large pool of excluded physicians.

The paper uses data on plan premiums and characteristics to study the association between
network coverage and premiums. They measure coverage of hospitals and physicians separately,
using a measure that places more weight on hospitals and physicians that treat a large volume
of patients. They also control for a number of other observable plan characteristics, as well as
geography (because premiums in the ACA exchanges can vary with location).

Their regression design does not allow them to claim a causal relationship between premium
and network coverage. That’s because there are all sorts of omitted variables that could affect
the relationship. The most important unobservable variable that we might worry about here is
that plans tend to be tailored to the population they target, so in areas with relatively narrower
networks we expect patients to have a preference for those types of plans. Since premiums also de-
pend on the characteristics of the population we have a classic case of omitted variable bias, where
patient characteristics could influence both the outcome variable and the explanatory variable of
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2 THE WELFARE IMPACT OF NARROW NETWORKS

interest.

That being said, correlational studies are still informative. They find that a plan with a nar-
row physician and hospital network is associated with a 16% lower premium. Narrow physician
networks seem to matter more than narrow hospital networks, perhaps because most healthcare
expenditure occurs in offices and outpatient settings (as opposed to hospitals, which are classified
as inpatient settings). Their final numbers suggest that an increase from a narrow (70% coverage)
to a full (100% coverage) hospital network is associated to an increase of $191 a year. An increase
in the physician network from small (10%) to large (40%) is associated to a premium increase of
$316 a year. They also track the implication of their results for the size of ACA subsidies, though
this is less relevant for our topic.

2.2 A structural approach: Ho (2006)

To get a more accurate estimate of welfare we need to do a bit more work. One alternative to
reduced-form analysis is to construct a full model of hospital and insurance choice to estimate
how hospital networks affect the welfare of patients. Ho (2006) is the first paper that attempted
this. The paper follows a three-step approach:

1. Estimate demand for hospitals using data on hospital visits from various markets.

2. Use the demand estimates to calculate the value of a given network of hospitals.

3. Estimate a model of plan choice using data on plan market shares, and using the estimates
from 2. as an explanatory variable.

Conceptually, this is a relatively simple paper, though it is technically quite complex. I provide a
brief overview of the model here.

To start, we specify a utility function for the utility of a patient i from visiting hospital h given
a diagnosis l:

uihl = δh + xhνil β + ε ihl (1)

Here we control for a fixed hospital quality component, δh, νil are observed patient characteristics,
such as location and diagnosis. ε ihl is an error term, which follows a Type 1 extreme value distri-
bution. The probability that a patient will pick a certain hospital h is equivalent to the probability
that

uihl = max
{

uih′ l , h′ ∈ H
}

where H is the set of all hospitals that patient i could have access to. The advantage of the Type 1
extreme value distribution is that it allows us to write this probability as

ρihl =
exp (δh + xhνil β)

∑
h′∈H

exp (δh′ + xh′νil β)
(2)
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2.2 A STRUCTURAL APPROACH: HO (2006)

We can aggregate this probability across diagnoses to get a prediction for the number of patients
going to a specific hospital (i.e. the hospital’s market share):

sh =
1
N ∑

l

Nl

∑
i=1

ρihl

where N is the total number of patients, and Nl is the number of patients with diagnosis l. The
assumption she makes is that all the variables are observed, so this can simply be solved using
MLE (e.g. maximize the probability of observing the choices you see in the data, or some sim-
ple method of moments estimator (e.g. minimize the distance between observed and predicted
market shares). Also notice that there is no price component in this utility function. This is an ap-
proximation that works as long as the cost of being admitted to any of the hospitals in the network
is approximately the same.

The next step is to calculate the value of a network of hospitals. Intuitively, a patient will value
a broader network if they worry about getting sick with a variety of diagnoses, and some hospitals
are better at treating certain conditions. That’s because for each diagnosis, the patient may have
a different preferred hospitals that they want to go to. This is an expected value calculation,
because the patient does not know in advance if they will need to go to a hospital. Once again, the
properties of the Type 1 extreme value distribution allow us to write this expression analytically.
Patient i’s expected utility from the network of hospitals Hjm offered by plan j in market m is given
by

EUijm = ∑
l

pilE

[
max
h∈Hjm

uihl

]
= ∑

l
pil log

 ∑
h∈Hjm

exp (δh + xhνil β)

 (3)

The final step is to take EUijm and use it as an explanatory variable in a model of health plan
choice. This model is conceptually quite similar to the model of hospital choice. The utility of
patient i from choosing plan j in market m is given by

wijm = ξ jm + zjmθ + γ1EUijm + γ2
Pjm

yi
+ ωijm (4)

where zjm are plan characteristics, Pjm is the premium, and ωijm is another Type 1 extreme value
shock. In the utility the premium is specified as a fraction of a patient’s income to capture some
form of heterogeneity in price sensitivity. Exploiting the magical properties of Type 1 extreme
value distributions once again we get an analytical function for market shares of each plan j in
market m:

sijm = ∑
i

(
ni

nm

) exp
(

ξ jm + zjmθ + γ1EUijm + γ2
Pjm
yi

)
∑

k∈J
exp

(
ξkm + zkmθ + γ1EUikm + γ2

Pkm
yi

) (5)

Once again, this is something you can estimate, either using plan-market fixed effects to control
for ξ jm, or by using the BLP contraction mapping if the dataset is too small to back out a fixed
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3 NETWORK FORMATION AND BARGAINING

Ho (2006): Paper at glance

Positioning statement: Managed care health insurers in the US often restrict their en-
rollees’ choice of hospitals to narrow networks. The welfare implications of this restriction
are not well understood.
Research question: What is the welfare loss from restricted networks?
Answer: Across 43 markets in the US, restricted networks generate $1 billion in welfare
losses (or $15.70 per person-year). The figure does not account for the potential benefit of
narrow networks on prices.

effect.
The final calculations imply that the average patient loses about $15-16 a year because of net-

work restrictions. This is not a very large number.

Final Notes:

• The paper only has hospital choice data on a subset of markets. That’s problematic when
we expand to other markets because we don’t know the hospital fixed effects. So we need to
do an adjustment using observables. Ideally you would be able to use hospital choice data
from each market to do this well, but you work with what you have.

• The paper also does not include diagnosis-specific hospital quality. Later papers have shown
that this could be important, at least in some contexts (see e.g. Ho and Pakes, 2014). I don’t
think it is possible to introduce these sort of unobservables in the estimation and still retain
structural identification, so this is not really a criticism of the paper. However, unobserved
diagnosis-specific quality could be an important component of horizontal differentiation be-
tween hospitals. In turn, horizontal differentiation is one of the things that makes network
breadth so important (e.g. compare the value of a network that covers one of two hospitals
when the two hospitals are identical, vs. when one hospital specializes in oncology but does
not offer cardiology services while the other specializes in cardiology but does not offer on-
cology services). If you think the demand system is not doing a good job of capturing this
differentiation you worry that the welfare cost may be underestimated.

• Ericson and Starc (2015), who run a similar exercise on a narrower market, but with more
complete data, find results that seem much larger in magnitude (I say seem because the
results refer to observed differences in networks, which need not be the same across the two
settings), on the order of about one thousand dollars per year.

3 NETWORK FORMATION AND BARGAINING

The previous section established that narrow networks are bad for consumer welfare. In this
section we seek to understand the benefit of narrow networks. The intuition is simple. By threat-
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ening hospitals with exclusions, insurers can charge lower prices. Lower prices, in turn, promote
access.2

In order to fully model how narrow networks may affect prices, one has to take into account a
relatively complicated series of steps. A complete model of narrow networks and their impact on
welfare and prices would have four stages:

1. Hospitals (indexed by h) and insurers, indexed by j,

(a) determine networks of hospitals Hj for each insurance plan, and

(b) negotiate prices pj =
{

pjh
}

h∈Hj

2. Insurers (sometimes also called MCOs) choose an insurance contract (i.e. set premiums Pj

and cost-sharing cj =
{

cjh
}

h∈Hj
)

3. Patients (indexed by i) choose an insurance plan

4. Patients get sick and choose hospitals (within their network’s plan)

Each of this four stages involves a maximization problem, sometimes over multiple variables.
Stage 1 is also usually split in 1(a) and 1(b), and not all papers model both aspects.

I first present a general model of these four stages, and then briefly describe a few papers in
the field. Since primitives from the latter stages are used as inputs in the earlier ones, the most
intuitive way to present the stages is in reverse order, starting with hospital demand.

Stages 3 & 4 (hospital and insurance demand) The hospital and insurance demand model is
covered in my description of Ho (2006) in the previous section, so I will only cover a few small
differences here. To the utility function of patient i in plan j for hospital h we add the cost-sharing
component cj:

uijh = δh + xhνiβ− αcj + ε ijh

(we also simplify by removing indices related to diagnoses). where H is the set of all hospitals
that patient i could have access to. Plan-specific demand for a given hospital can be written as

Djh
(

Hj, cj
)
= ∑

i∈Ij

fi × ρijh
(

Hj, cj
)

(6)

where Ij is the set of patients of plan j, and fi is the probability that patient i gets sick. You can
obtain overall demand for a hospital by summing across plans.

Utility of patient i from choosing plan j is

wij = ξ j + γ1EUij
(

Hj, cj, fi
)
+ γ2Pj + ωij

2There are other potential reasons for exclusion that we don’t touch upon. Insurers may want to exclude hospitals
that are very expensive, or simply bad, or they may want to exclude hospitals that are very good and expensive in
order to nudge very costly patients away from their health plan (see e.g. Shepard, 2020).

VII



3 NETWORK FORMATION AND BARGAINING

where we have removed market indices and the income normalization, and we have summarized
plan characteristics with a fixed effect. EUij

(
Hj, cj

)
is the utility from the network, which now also

depends on the cost-sharing parameters. To calculate Uij
(

Hj, cj
)

you would extend the formula
from Ho (2006) to incorporate cost-sharing:

EUij
(

Hj, cj, fi
)
= fi ×E

[
max
h∈Hj

uijh

]
= fi × log

 ∑
h∈Hj

exp
(
δh + xhνiβ− αcj

) (7)

Finally, demand for plans is given by

Dj
(

Hj, pj, cj, fi
)
= N ×

exp
(
ξ j + γ1EUij

(
Hj, cj, fi

)
+ γ2Pj + ωij

)
∑k exp

(
ξk + γ1EUij (Hk, ck, fi) + γ2Pk + ωik

) (8)

Notice that fi here introduces the possibility of adverse selection.

Stage 2 (optimal premium setting) In this setting, health plans hold fixed their network and
vector of hospital prices, and maximize profits by choosing the premium and the cost-sharing
parameters. The problem takes the form of

max
Pj,cj

Dj
(

Hj, pj, cj, fi
)
× Pj − TCj

(
Pj, cj

)
(9)

where
TCj

(
Pj, cj

)
= ∑

i∈Ij

fi ∑
h∈Hj

ρijh
(

Hj, cj
)

pjh (10)

In practice, no paper has ever allowed for endogenous cost-sharing. The most common as-
sumption is that cjh = 0 for all h. The only exception, as far as I know, is Gowrisankaran et al.
(2015), which allows for an exogenously determined cost-sharing parameter c that is measured
directly from claims data and not allowed to vary in counterfactuals. It is also possible to have
premium-setting as a bargaining game, if patients are being represented by a larger entity, like an
employer or a managed care organization.

Stage 1 (network formation and bargaining) This is the most complicated stage. Most papers
split it in two by assuming that first the network is selected, and then prices are negotiated. Gen-
erally, the insurer is the one selecting the network. We follow this convention, and start by first
writing down the bargaining problem holding Hj fixed.

The value of a given vector of prices pj to the insurer (conditional on a network) can be ex-
pressed as

V
(

pj; Hj
)
= Dj

(
Hj, pj, c?j

(
pj; Hj

)
, fi

)
× P?

j
(

pj; Hj
)
− TCj

(
P?

j
(

pj; Hj
)

, c?j
(

pj; Hj
))

(11)

where starred functions represent the optimal solutions to the Stage 2 problem.
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3.1 A (NEARLY) COMPLETE MODEL OF NETWORK FORMATION: HO AND LEE (2019)

Using this notation, we can write the Nash bargaining problem between each plan j and hos-
pital h as

max
pjh

V
(

pjh, pj,−h; Hj
)
−V

(
∞, p′j,−h; Hj\ {h}

)
︸ ︷︷ ︸

Threat point of the plan


bjh

×

[
Djh

(
Hj, c?j

(
pj; Hj

))
×
(

pjh −mcj
)
+ ∑

k∈Mh\{j}
Dkh (Hk, c?k (pk; Hk))× (pkh −mck)

− ∑
k∈Mh\{j}

Dkh
(

Hk, c?k
(

p′k; Hk
))
×
(

p′kh −mck
)

︸ ︷︷ ︸
Threat point of the hospital

]1−bjh

What does all this notation mean?

• The two expressions contained in the underbraces represent the threat points of each agent.

• The prime (′) subscript allows for the possibility that plans and hospitals may re-negotiate
prices in case of a disagreement. In practice, most papers do not allow for this possibility.
Doing so substantially simplifies the math.

• Mh is the set of plans/MCOs that have struck a deal with h.

What about network formation? Intuitively, one could see how the optimal network would be the
one that satisfies some notion of joint surplus maximization between hospitals and insurers (the
joint surplus is what’s split using prices). In theory one could solve for the optimal equilibrium
conditional on all possible networks and pick the “best” one to be the equilibrium one. In practice
that’s very hard given the very large number of possible network configurations, and very few
papers have attempted this. In the next section I discuss one of them.

3.1 A (nearly) complete model of network formation: Ho and Lee (2019)

The goal of Ho and Lee (2019) is to build a complete model to evaluate the impact of narrow
networks. This is sort of the conclusion of the agenda that was started with Ho (2006), which only
looked at the welfare effect. This paper looks at the complete picture, which includes the following
effects of dropping a hospital from a network (see Figure 1 for some graphical intuition):

• Patient welfare loss, which leads to an inward shift of the demand function. All else equal,
patients will leave the insurance plan to purchase a different plan, or stay uninsured.

• A reduction in the cost function, driven by (i) efficiency gains if the hospital was particu-
larly expensive/inefficient, and (ii) selection of lower-cost enrollees (generally because the
marginal enrollees tend to be higher-cost)
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3 NETWORK FORMATION AND BARGAINING

Figure 1: Removing a Hospital from an Insurer’s Network (Ho and Lee, 2019, Figure 1)

• A change in the negotiated rates with other hospitals.

The paper’s main contribution is in the way we think about this last effect. In the traditional Nash-
in-Nash setup, the assumption is that failure to come to an agreement leads to the removal of a
hospital from the network. This has relatively unintuitive implications:

• In equilibrium, exclusions only occur if there are no gains from trade (or if there is asymmet-
ric information)

• If hospitals are substitutes (which they generally are, to some degree), broader networks
imply lower prices, because the marginal contribution of each hospital is lower if there are
more hospitals in the network.

• Increased competition leads to lower prices, but only through the channel above. In other
words, if a new hospital enters the market, but is not included in a network, there is no
impact on price.

This paper proposes a new equilibrium concept, which they call Nash-in-Nash with threat of
replacement (NNTR). Under this equilibrium concept, the insurer can replace each hospital by
threatening to replace them with any excluded hospital. The insurer can do so by making a take-
it-or-leave-it offer to any one of the excluded hospitals. Under this new solution, excluding at
least one hospital makes sense. Excluding more than one hospital can be beneficial if hospitals are
sufficiently differentiated.
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3.1 A (NEARLY) COMPLETE MODEL OF NETWORK FORMATION: HO AND LEE (2019)

Theoretical setup

I modify the notation in the paper to be more consistent with the notation I have used so far. I also
focus on the network-formation and price setting stage, and take all other primitives as given. This
is consistent also with the expositional approach of the paper, which relies on primitives estimated
by a previous paper (Ho and Lee, 2017). They take the network of the hospital as given and also
condition on the networks and reimbursement rates of other MCOs.3

Let Hj denote the set of all possible networks of hospitals that the insurer could form. Each
possible network Hj ∈ Hj is a set of hospitals. Each hospital h is included in the network of insurer
j if and only if h ∈ Hj. Profits of hospitals and insurers are written respectively as

πM
j
(

Hj, pj
)
= π̃M

j
(

Hj
)
− ∑

h∈Hj

(
DH

hj
(

Hj
)
× phj

)
πH

h
(

Hj, pj
)
= π̃H

h
(

Hj
)
+ DH

hj
(

Hj
)
× phj + ∑

n 6=j

(
DH

hn
(

Hj
)
× phn

)
Notice two key assumptions here:

1. The presence of a network-specific lump-sum component π̃
(

Hj
)
, and

2. Demand that only depends on the network, and not on the reimbursement prices phj

Denote the gains from trade between an insurer j and a hospital h as

∆hjπ
M
j
(

Hj, pj
)
= πM

j
(

Hj, pj
)
− πM

j
(

Hj\h, p−hj
)

∆hjπ
H
h
(

Hj, pj
)
= πH

h
(

Hj, pj
)
− πH

h
(

Hj\h, p−hj
)

where p−hj is a vector of all prices other than phj, and the disagreement points πM
j

(
Hj\h, p−hj

)
and πH

h

(
Hj\h, p−hj

)
are computed assuming that all other agreements are formed at prices p−hj.

The total trade surplus is given by

∆hjΠhj
(

Hj, pj
)
= ∆hjπ

M
j
(

Hj, pj
)
+ ∆hjπ

H
h
(

Hj, pj
)

Here the key implication of the assumption that demand for hospital is price inelastic is that the
trade surplus does not depend on phj.

They define the Nash-in-Nash with Threat of Replacement (NTTR) prices as

p?j =
{

p?hj

(
Hj, p?−hj

)}
= min

{
pNash

ij

(
Hj, p?−hj

)
, pOO

hj

(
Hj, p?−hj

)}
(12)

where pNash
ij

(
Hj, p?−hj

)
is the solution to the standard Nash bargaining problem, and pOO

hj

(
Hj, p?−hj

)
3This is probably more reasonable in their setting than in others, because there are only three competitors. One has a

complete network (which you can interpret as a fixed choice), and the other is Kaiser Permanente, which is a vertically
integrated insurer-provider system. You could quibble with the assumption that rates are fixed, but the bottom line
with these complicated structural papers is that multiple-agent games are essentially intractable at this time.
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3 NETWORK FORMATION AND BARGAINING

is defined as the solution to

πM
j

(
Hj,
{

pOO
hj (·) , p?−hj

})
= max

k/∈Hj

π̃M
j

((
Hj\h

)
∪ k,

{
pres

kj

(
Hj\h, p?−hj

)
, p?−hj

})
(13)

and pres
kj

(
Hj\h, p?−hj

)
is hospital k’s reservation price of being added to the network of insurer j,

and defined as the solution to

πH
k

((
Hj\h

)
∪ k,

{
pres

kj

(
Hj\h, p?−hj

)
, p?−hj

})
= πH

k

(
Hj\h, p?−hj

)
(14)

Some intuition for these iterative equations. The assumption is that the insurer can go out of
network and make TIOLI offers to excluded hospitals. This essentially provides a “floor” price
for the insurer: they will not pay a price above what would make them switch to one of these
excluded hospitals.

This setup leads to a two-part pricing equation:

p?hj (·) =

pOO
hj

(
Hj, p?−hj

)
if τ × ∆hjΠhj

(
Hj, pj

)
< maxk/∈Hj ∆hjΠhj

((
Hj\h

)
∪ k, p?−hj

)
pNash

ij

(
Hj, p?−hj

)
otherwise

(15)

In other words, the exclusion threat binds whenever there is another hospital k /∈ Hj whose inclu-
sion (as a replacement for j) generates an additional surplus that exceeds τ-share of the bilateral
gains from trade generated by hospital j (τ here is the bargaining power of the insurer). Another
way of restating this intuition is that as long as a hospital does not have very close competitors, the
equilibrium will still be Nash-in-Nash. If the hospitals has close competitors, the price will decline
below the Nash-in-Nash equilibrium. In an extreme case, where, say, two identical hospitals are
sitting on opposite sides of the street, the insurer will essentially be able to extract marginal cost
pricing from either one of them.

One possible concern with this new equilibrium concept is that a hospital may want to uni-
laterally reject this outcome. This is not something you have to worry about in the usual Nash-
in-Nash model: it will only happen if the price is below the Nash outcome (i.e. if the price is
pOO

hj

(
Hj, p?−hj

)
). So to complete the definition of an equilibrium, the authors include a require-

ment that the network be “stable”. In other words:

∆hjπ
M
j

(
Hj, p?j

)
≥ 0 ∀ h

There is also a similar requirement for j, though (in my reading of the paper) that appears to be
less crucial.

To conclude the derivation, they define the insurer-optimal stable network as the stable network
that maximizes the insurer’s profits at NNTR prices p?j :

H?
j = arg max

Hj∈Hj
πM

j

(
Hj, p?j

)
(16)
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3.1 A (NEARLY) COMPLETE MODEL OF NETWORK FORMATION: HO AND LEE (2019)

Estimation

The data covers the 2004 enrollees of the CalPers system, and includes: (i) health plan enrollment,
(ii) claims, and (iii) hospital admissions. They focus on the strategic choices of Blue Shield, which
is one of three large insurers in the market (the others are Blue Cross and Kaiser Permanente,
which they disregard because their networks appear largely fixed, for a variety of reasons). The
estimation relies largely on the work of a previous paper (Ho and Lee, 2017), which we will cover
at a later date. I cover the basics here:

Hospital demand: This is based on Ho (2006). Groups are age-sex categories (ten in total), and
there are six possible diagnoses. Demand does not respond to negotiated rates. Another neces-
sary assumption is that there is no selection across insurance plans on unobservable consumer
preferences for hospitals.

Demand for insurance plans: This is also very similar to Ho (2006). They calculate the willing-
ness to pay for a network and use it in the utility function of a plan.

Premium setting: Premiums here are set through negotiations between employers and insurers.
Employers maximize patient welfare (from the demand stage above) minus premium payments,
while insurers maximize premium payments minus expected cost (which come from the hospital
demand stage). There is no specific mention of adverse selection here, though some adverse se-
lection concerns should be implicitly channeled through the different admission probabilities of
various patient categories (see e.g. Table III of Ho and Lee, 2017). Occasionally, adverse selection
can imply non-existence, or multiplicity of equilibria. This concern is not mentioned here.

The impact of narrow networks

The empirical contribution of the paper is not in the estimation, but rather in a simulation exer-
cise. The simulation exercise uses the NNTR model to identify equilibria (including the optimal
network) satisfying various criteria (highest insurer surplus, higher overall surplus, etc.). The
simulations accomplish various goals. Here, we are most interested in what they can tell us about
the tradeoff between full networks and limited networks. In this regard, we want to pay close
attention to the tradeoff between consumer surplus and reduced rates.

To run the simulation, they make some simplifying assumptions. As usual, they hold every-
thing but the Blue Shield network and rates as fixed. They run the simulation by Hospital Service
Area (HSA, a measure of a hospital market). They have a total of 12 HSAs. I believe this is largely
to reduce the size of the set of all possible networks (choosing the network is a discrete maximiza-
tion problem, so they have to check the surplus of every possible network configuration, which
is computationally burdensome). For the same reason (probably), they focus only on negotiations
with the five larges systems in each market.
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3 NETWORK FORMATION AND BARGAINING

Table 1: Simulation results (Table 1 from Ho and Lee, 2017)

Table 1 shows the results of the simulation. We focus here on two columns. The first one
(Social, NNTR), and the third one (Blue Shield, NNTR). All changes listed in the Table are relative
to the numbers on the right-most column, which represents the base case (where Blue Shield’s
network is exogenously set to be complete).

First, consider the first column, which shows the socially optimal network under the NNTR
model. We start from the bottom. Under the model, the optimal network is not necessarily com-
plete. Instead, half the market have an incomplete network. This allows Blue Shield to extract
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lower rates from hospitals (payments decline by 5.6%), which translate to lower premiums (0.6%,
or about $16). The fall in premiums more than compensates enrollees for the decline in the quality
of the network: patient welfare increases by $12 on average (all numbers are yearly). Overall wel-
fare also increases. These results are encouraging, but not necessarily surprising, since what we
are doing is essentially adding a degree of freedom to the problem: instead of forcing Blue Shield
to have a complete network, we are allowing it to vary.

A more interesting comparison is with the third column. This is the network that we would
expect to arise if the market was perfectly competitive.4 In this situation, Blue Shield is more
aggressive in excluding hospitals. This is likely because the insurer benefits from a reduction in
rates (these rates are neutral in the problem of the social planner since they represent a transfer
between firms). This turns out to benefit consumers even more than in the social planner case.
Welfare increases by $20 per year, thanks to a reduction in premiums by over $30. Overall surplus
however, falls, due to the reduction in hospital profits. Indeed, exclusions do not seem to harm
consumers all that much in these simulations. Column 2, which shows results from the network
that maximizes consumer surplus, results in the most restricted networks, and has the largest
reduction in premiums. This result is not necessarily intuitive (one would think that if Blue Cross
could generate higher consumer surplus by removing hospitals and lowering premiums, it could
also increase premiums just enough to capture some of that extra surplus). The authors do not
present this explanation directly, but my interpretation is that the jump in consumer surplus is
largely driven by customers of other insurers (Blue Cross and Kaiser), whose premiums also go
down because of competition with Blue Shield. Those consumer welfare gains are quite prominent
in the calculations of column two because they are “free” (the networks of Blue Cross and Kaiser
have not gotten worse). However, they do not factor very much in the first column (premiums are
also transfers to a first-order approximation), and not at all in the third.

Some notes

• One of the first reactions you might have to the structure of the outside offers is that being
able to make a TIOLI offer is very convenient from the point of view of the insurer. Perhaps
even too convenient, and resulting in artificially lower prices. It’s a reasonable reaction, and
it’s helpful to think through possible alternatives.

– One possibility is the reverse. Should we let hospitals make TIOLI offers? This may
seem appealing, but if you think about it, does not appear like a feasible alternative.
Why? If excluded hospitals can make TIOLI offers, they will make the insurer indif-
ferent between the Nash-in-Nash price and selecting another hospital. This leaves us

4As a side note, this is not necessarily the network that arises in the data. You could find this problematic: does the
model lack some feature that would otherwise allow it to fit the data perfectly? I believe the authors argue that Blue
Shield has to satisfy certain network requirements, so the market is not at a competitive equilibrium (Blue Shield, who
has a restricted network, had to ask for permission to exclude a list of hospitals, and was only allowed to exclude a
subset of the submitted list).
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3 NETWORK FORMATION AND BARGAINING

with a fairly unsatisfying final equilibrium: the hospital will choose the Nash-in-Nash
option, leaving us with exactly the same model as before.

– Another possibility is something in between the two TIOLI options. This is likely more
realistic than what the authors do, but can create very problematic estimation issues. To
see why, imagine that we set up the outside option as an additional bargaining problem,
where the insurer negotiates with the originally excluded hospital using some form of
Nash bargaining. The issue with this new maximization problem is the outside option.
What is it? If this negotiation fails, where can the insurer do? The most natural option
might be to go to a potential second excluded hospital as an alternative. This sets up a
very complicated series of iterated maximization problems, which will almost certainly
be computationally unfeasible (not to mention incredibly convoluted). One could try
to achieve the same result by simply imposing an exogenous split of surplus between
the insurer and the new hospital. However, there is probably no real reason to prefer an
ad-hoc assumption about surplus split to the TIOLI assumption that the authors make.

• The requirement of stability does not rule out that additional links would not be profitable.
In other words, after setting

(
Hj, p?j

)
, it is possible that the insurer may find it profitable

to strike an agreement with an additional hospital. Ghili (2020) criticizes this aspect of the
model and addresses it in his own (contemporaneous) paper on network formation. He
points out that this allows the insurer to commit to non-credible exclusions to extract lower
prices. The chief criticism focuses on an example where two non-competing hospitals are
pitted against one another (see the discussion in Section 3.3 of that paper). Ho and Lee (2019)
do acknowledge the limitation (footnote 32), but argue that it is unreasonable to assume that
two-agent deviations (both the insurer and the hospital have to agree to the addition of
an extra hospital) would leave the rest of the agreement unchanged. Given that these are
relatively recent papers (Ghili in particular is still unpublished) it may be a while before a
clearer picture of the theoretical implications emerges.

• Shepard (2020) finds evidence that selection of patients across insurance plans on unobserv-
able preference for hospitals does exist, though in a different setting. The real question here
is not whether the selection exists (it almost definitely does), but whether it is large enough
to really be problematic for the estimation.

3.2 Brief history/overview of other papers on the topic

Ho and Lee (2019) is, in a way, the culmination of a strand of literature started by Ho (2006)
(other papers had asked similar questions about narrow networks, but none had attempted the
structural route before). Over these fifteen or so years, several papers made contributions and
pushed the boundary of what was possible. Also, parallel to Ho and Lee (2019), two other papers
provided solutions to the question of network formation. Here I provide a brief history of these
other papers, and what they contributed.
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3.2 BRIEF HISTORY/OVERVIEW OF OTHER PAPERS ON THE TOPIC

• Ho (2009): estimates a full model of hospital network formation, but models stage 1 as a
game where hospitals make TIOLI offers to insurers, who then decide whether to include
them in networks or not. Narrow networks may arise because some hospitals make very
high offers (these hospitals have limited capacity, or are so high quality that they can fill up
demand even if they don’t contract with all insurers).

• Gowrisankaran et al. (2015): estimates a bargaining model between hospitals and MCOs
(basically insurers that provide services for specific employers). The main model has only
stages 1(b) and 4. The assumptions that make this work are that stage 3 is trivial—patients
are employees and take the employer plan as given—and premiums don’t exist, so stage 2
is irrelevant—the employer/MCO simply maximizes employee welfare. They also report
calibrated results from a model that adds stages 2 and 3. Finally, they investigate the impact
of coinsurance rates but only in counterfactual (there is no section of the model where the
MCO chooses the coinsurance optimally). The main value of this paper, relative to others in
the literature is that they examine the role of coinsurance rates (though they hold them fixed
instead of allowing firms to set them endogenously).

• Lewis and Pflum (2015) explores the possibility that joining a hospital system may also
change a hospital’s ability to bargain (i.e. its Nash Bargaining parameter). In general, bar-
gaining parameters are essentially estimated as residuals. In this specific case, the paper
uses hospital revenue and cost data and attempts a more economically rigorous estimation
of this parameters. According to their findings changes in bargaining ability after joining a
hospital system can explain most of the subsequent increase in prices.

• Ho and Lee (2017): they estimate stages 1(b) to 4, holding the network fixed (i.e. stage 1(a)).
Their counterfactuals of interest are about insurer mergers.

• Ghili (2020); Liebman (2018): like Ho and Lee (2019), they estimate all four stages. They each
have a different assumption about how to model the threat point in part 1(b). Ghili (2020)
works his way up from theoretical requirements, which crucially include the assumption
that the “threat” of replacement has to be incentive-compatible (e.g. if a hospital is replaced,
the insurer does not then have an incentive to still contract with the now excluded hospital).
This may be more realistic because it ensures that hospitals used as threats have to be sub-
stitutes. However, it requires some additional assumptions. In Liebman (2018), the threat is
a random hospital among the excluded ones.
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