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Vertical Relationships

• Firm to firm transactions
• Overview: Lee, Whinston, and Yurukoglu (2021)
• Insurers and hospitals: Ghili (2022), Ho and Lee (2019),
Ho and Lee (2017), Prager and Tilipman (2020)

• Suppliers and assemblers: Fox (2018)
• Retailers and wholesalers: Hristakeva (2022)
• Foundations for Nash-in-Nash model: Collard-Wexler,
Gowrisankaran, and Lee (2019) and Horn & Wolinksy
(198?)
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Ho and Lee (2017)

“Insurer Competition in Health Care Markets”
• Employer sponsored private health insurance in US
(60% of non-elderly)

• Model premium and hospital prices with Nash
bargaining between employer and insurer and insurer
and hospital

• Bargaining leads to novel implications for effect of
removal of an insurer
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Employer 1

Kaiser

Kaiser Hospitals

CalPERS

Blue Shield Blue Cross

Hospital A Hospital BHospital C

Employer 2 Employer 3Employer 4
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Notation

• M = {Kaiser, Blue Cross, Blue Shield } set of insurers
offered by CalPERS

• insurance premiums ϕj

• G = hospitals covered by each insurer
• price of hospital i for insurer j pij
• Insurance demand Dj(G, ϕ)
• Hospital demand DH

ij (G, ϕ)
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Model

1a. Employer and insurers bargain over ϕ
1b. Insurers and hospitals bargain over p

2. Households choose insurance plans → Dj(G, ϕ)
3. Sick individuals choose hospitals → DH

ij (G, ϕ)
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Payoffs

• MCO/insurer j:

πM
j (G, p, ϕ) = Dj(·)(ϕj − ηj) −

∑

h∈GM
j

DH
hj(·)phj

• Hospital i:

πH
i (G, p, ϕ) =

∑

n∈GH
i

DH
in(·)(pin − ci)

• Employee welfare:
W(M, ϕ)
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Premium Bargaining

• Nash bargaining
• τϕ = bargaining weight of insurer for premiums

ϕj = arg max
ϕ

πM
j (G, p, (ϕ, ϕ−j))τ

ϕ×

×



W(M, (ϕ, ϕ−j)) − W(M \ j, ϕ−j)︸ ︷︷ ︸
GFTEj (·)





(1−τϕ)
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Premium First Order Condition
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Hospital Price Bargaining

pij = arg max
p

[
πM
j (G, (p, p−ij), ϕ) − πM

j (G \ ij, p−ij, ϕ)
]τj

×
[
πH
i (G, (p, p−ij), ϕ) − πH

i (G \ ij, p−ij, ϕ)
]1−τj

• Equilibrium effect of insurer competition on negotiated
prices & premiums is complicated and cannot be
signed a priori
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Hospital Price First Order
Condition
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Hospital Demand & Consumer
Surplus

• Discrete choice model of hospitals

uHk,i,l,m = δi + ziνk,lβz + di,kβd
m + εHk,i,l,m

hospital

hospital characteristics person k & diagnosis l

distance

T1EV

• Willingness to pay:

WTPk,jm(G) = γa
κ(k)

∑

l∈L

γκ(k),l log
(
∑

h∈G

exp(δh + zhνk,lβz + dh,kβd
m)
)P(admission) P(diagnosis|admit)

EU(G)
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Insurance Plan Demand

• Family f chooses among plans j offered in market m:
•

uMf,j,m = δj,m + αϕ
f (0.2ϕjΦλ(f)) +

∑

κ
αW

κ

∑

k∈f:κ(k)=κ

WTPk,j,m + εM
f,j,m

insurer × market premium paid by household

age-sex categories family members
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Ho and Lee (2019)

“Equilibrium provider networks: bargaining and exclusion in
health care markets”

• “narrow network” health insurance plans annoy
consumers, concern policy makers

• Insurers with market power underproviding quality?
• Provider network design as a mechanism to “cream

skim”
• Model of provider network formation

• Bargaining between insurer and hospitals
• Use to simulate effect of proposed “network adequacy”

regulation
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Model

1a Network formation & rate determination : MCOs
(insurers) bargain with hospitals

1b Premium setting : MCOs and employers bargain over
premiums

2 Insurance demand : households choose insurance plans

3 Hospital demand : sick households choose hospitals
1

11b-3 similar to Ho and Lee (2017), 1a new to this paper
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Model : rate determination 1

• MCOs M index j, hospitals H, network G

• Profits
πM
j (G, p) ≡ π̃M

j (G) −
∑

i∈G

DH
ij (G)pij

πH
i (G, p) ≡ π̃H

i (G) +
∑

n∈M
DH
in(G)pin

• Gains from trade

∆ijπM
j (G, p) ≡ πM

j (G, p) − πM
j (G \ i, p−ij)

∆ijπH
i (G, p) ≡ πH

i (G, p) − πH
i (G \ i, p−ij)



Vertical
Relationships

Paul Schrimpf

Ho and Lee
(2017)

Ho and Lee
(2019)
Model

Data

Estimation

Results

Dorn (2024b)

Dorn (2024a)

References

Model : rate determination 2

• Nash-in-Nash with Threat of Replacement (NNTR)

p∗
ij(G) = min{pNashij (G, p∗

−ij), pOOij (G, p∗
−ij)}

where

pNashij (G, p∗
−ij) arg max

p

[
∆ijπM

j (G, p, p∗
−ij)
]τ [

∆ijπH
i (G, p, p∗

−ij)
](1−τ)

and

πM
j (G, pOOij , p−ij) = max

k̸∈G
πM
j (G \ i ∪ k, preskj , p−ij)

with
πH
k (G \ i ∪ k, preskj , p−ij) = πH

k (G \ i, p−ij)
• Show that equilibrium prices exist for any G
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Model : rate determination 3

• First order conditions for p given observed G used to
estimate τ

• Model used to say what prices would be under
counterfactual G

• Formation of observed G not used in estimation —
observed G constrained by regulators
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Data

• California Public Employees’ Retirement System
(CalPERS) in 2004

• Three MCOs : Kaiser (vertically integrated HMO), Blue
Cross (PPO), Blue Shield (HMO)

• Focus on Blue Shield : in 2004 had close to full networks
in markets considered (forced to do so by regulation),
but then reduced network

• Observe premiums, enrollemnt, admissions,
demographics, prices paid by insurers to hospitals
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Estimation

• See Ho and Lee (2017)
• Hosptial demand and insurance demand by MLE
• Insurer non-inpatient hospital costs (ηj) and bargaining
weights from first order conditions for Nash bargaining
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Six Stylized Facts From Ten Years
of Vertical Market Contract Data

Dorn (2024b)
• Novel data of hospital-insurer contracts from WV
2005-2015

• Payment rates, contract formation, scale

• Document six stylized facts
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WV Regulatory Environment

• “corridor” system regulating hospital list prices
• Hospital specific price cap on list price increases

• Lower costs, list prices allow large list price increases
• Excessive list prices lead to reduction in future approve

list prices
• Private insurer contracts required to pay more than

hospital average costs (generally not a binding
constraint)

• WV Health Care Authority (HCA) made contracts public
(unusual)



Vertical
Relationships

Paul Schrimpf

Ho and Lee
(2017)

Ho and Lee
(2019)

Dorn (2024b)
Regulatory
Environment and
Data

Six Facts

Dorn (2024a)

References

Data



Vertical
Relationships

Paul Schrimpf

Ho and Lee
(2017)

Ho and Lee
(2019)

Dorn (2024b)
Regulatory
Environment and
Data

Six Facts

Dorn (2024a)

References

Data

• Hospital discount contract lists (DCL) 2006-2015
• % each insurer paid below list price in previous year
• Separates smaller (top panel) and larger payees (bottom

panel)
• Hospital Discount Contract forms 2010-2015

• For larger payers
• Includes revenue, contract acceptance & expiration

dates, etc
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Auto-Renew Contracts Generally
Renewed, Especially for Smaller

Insurers
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Contract Formation Was
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Dynamic Bargaining between
Hospitals and Insurers

Dorn (2024a)
• Vertical market bargaining over multi-year contracts
• Motivated by stylized fact that small insurers agree to
long term contracts that set price to 100+X% of
Medicare reimbursement rate (or other benchmark
price)

• Negotiators are forward looking and adjust
negotiations based on expected benchmark price
growth

• Results imply 1% increase in Medicare reimbursement
rate (to match hospital cost growth) would increase
national hospital spending by $5 billion
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Model

Each period:

1 Hospital and insurer demand revealed

2 Auto-renew decisions

3 Contract bargaining and premium setting

4 Profits realized
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Demand

• Insurer:

DM
nt( G , ϕ )

network premiums

• Hospital h demand from enrollees in insurer n:

DH
hnt(G, ϕ)
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Auto-renew

• Contracts specify price as proportion of benchmark
(either Medicare or list price)

• Choose to renew or not at beginning of year
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New Contract Bargaining

• Contract = ( benchmark bhnt0 , length ℓhnt0 , initial price
phnt0)

• After t0, phnt+1 = bhnt+1
phnt
bhnt

• Bellman equation

V( Ct , St ) = π(Ct, St) + βE [V(Ct+1, St+1)|St]
contract state

bargaining state (includes demand, benchmark prices)

flow profits
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Kalai Bargaining

• Gains from trade:

GFTij(Ct, St) = V(Ct, St) − V( Ct/ij , St)

contracts with i, j contract removed

• Kalai bargaining

GFTMij (Ct, St)
GFTHij (Ct, St)

=
τij

1 − τij

• Dynamic Nash bargaining faces technical challenge –
disagreement now affects all future bargaining

• Axiomatic, intuitive, and lab evidence for Kalai
bargaining (see references in paper)

• Generalizes static Nash-in-Nash bargaining
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Flow Profits

πH
it =

∑

n∈GH
it

DH
int(Gt, ϕt)(pint − ci) − rHi Rint

πM
jt =DM

jt (Gt, ϕt)(ϕjt − ηj) −
∑

h∈GM
jt

DH
hnt(Gt, ϕt)phjt − rMj Rhjt

rR negotiation costs
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Empirical Specification

• Bargaining weights as function of hospital size

log(τij/(1 − τij)) = log(τj/(1 − τj)) + τSize log(hospSizei/size)

• Hospital h demand from person i with diagnosis ℓ

ui,h,ℓ = δh,ℓ + νi,h,ℓρ + εi,h,l

• Insurer demand j from person i in county c, market m,
age k

uMi,j,c,m = δ̃M
j,m + γkWTPj,k,c + ξj,k,c + εi,j,c,m
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Hospital Demand
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