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Motivation: Concerns of NCMS
The central
government
•Small budget (Wagstaff et al.,2009;
You & Kobayashi, 2009; Meng & Xu,
2014; Li & Zhang, 2013)
County
governments
•Adverse selection (You &
Kobayashi, 2009
Wagstaff et al.,2009)
•Cost control (Yip & Hsiao,
2009)

Complicated claim process
Low reimbursement rates
Service-level distortion

Households
Increasing out-ofpocket health
spending (Wagstaff
& Lindelow, 2008;
Hou et al., 2014)

Objectives
Identify which health services are under- or over-covered
due to county governments’ cost-control incentives.
Understand the influencing factors of the degree of
distortion

Theoretical model—outline
 We use a principal-agent model (Frank et al., 2000) to characterize interactions
between local governments and households.
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Theoretical model—households
Households are uncertain about their healthcare spending before participating NCMS
• Assume there are two types of households:
unhealthy and healthy

• Household 𝑖 ‘s expected NCMS benefit on health service 𝑠 is
𝑚
ෝ 𝑖𝑠 = 𝜆𝑖 ⋅ 𝑚
ഥ 𝑖𝑠 + 1 − 𝜆𝑖 𝑚𝑖𝑠 , 0 < 𝜆𝑖 < 1
For household 𝑖,
• 𝜆𝑖 is the probability of being unhealthy type in the next year.
• 𝑚𝑖𝑠 is the insurance benefit on service 𝑠: 𝑚𝑖𝑠 if unhealthy, and 𝑚𝑖𝑠 if healthy

Theoretical model—households
The utility of participating NCMS for household 𝑖 is
𝑢𝑖 𝑚
ෝ 𝑖 = 𝑣𝑖 𝑚
ෝ 𝑖 + 𝜇𝑖 − 𝑐𝑖
Where

𝑣𝑖 𝑚
ෝ 𝑖 = σ𝑠 𝑣𝑖𝑠 𝑚
ෝ 𝑖𝑠

• 𝜇𝑖 : utility independent of plan benefits.
• 𝑐𝑖 : cost of enrolling and obtaining insurance
benefits
• 𝜈𝑖𝑠 (. ): utility of expected insurance benefit
𝑚
ෝ 𝑖𝑠

Let 𝑢𝑖0 be household 𝑖′s reservation utility if uninsured, its probability of enrolling the
NCMS is
𝑃𝑟𝑜𝑏 𝑢𝑖 𝑚
ෝ 𝑖 > 𝑢ො 𝑖0 = 𝑃𝑟𝑜𝑏 𝜇𝑖 > 𝑢ො 𝑖0 + 𝑐𝑖 − 𝑣𝑖 𝑚
ෝ𝑖
• F (. ): the cumulated
distribution function of 𝜇𝑖
1 − F 𝑢ො 𝑖0 + 𝑐𝑖 − 𝑣𝑖 𝑚
ෝ 𝑖 ≡ 𝑛𝑖 𝑚
ෝ 𝑖 , 𝑢ො 𝑖0 , 𝑐𝑖

Theoretical model—service-level coverage
It is measured by shadow price (Keeler et al., 1998): a threshold that a household’s marginal
valuation has to exceed to qualify for reimbursements.

Inverse demand of NCMS
benefits of two households
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Theoretical model—social optimal shadow prices
Social optimal condition requires
• Marginal valuations of different services are equalized
′
∗
′
∗
𝑣𝑖𝑠
𝑚𝑖𝑠
= 𝑣𝑖𝑠′
𝑚𝑖𝑠′
for 𝑠 ≠ 𝑠 ′ ∀𝑠 = 1, 2, 3, . . . , 𝑆
∗ =1 because
• Shadow prices of different services are the same: 𝑝𝑠∗ /𝑝𝑠′
∗
∗
𝑝𝑠∗ = 𝑣𝑠′ 𝑚𝑠∗ = 𝑣𝑠′′ 𝑚𝑠′
= 𝑝𝑠′
∗ >1, we can say service 𝑠 is under-covered;
• If 𝑝𝑠∗ /𝑝𝑠′
∗ <1, we can say service 𝑠 is over-covered
If 𝑝𝑠∗ /𝑝𝑠′

Theoretical model—the local government
We assume the local government determines a vector of shadow prices 𝒑=[𝑝1 , 𝑝2 , … , 𝑝𝑆 ]
to maximize expected plan profit:
Risk premium paid
by household 𝑖

max 𝜋 𝒑 =  ൣ𝑛𝑖 𝑚
ෝ 𝑖 𝒑 , 𝑢ො 𝑖0 , 𝑐𝑖
𝒑

𝑖
𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑡𝑖𝑜𝑛
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𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑝𝑙𝑎𝑛 𝑝𝑟𝑜𝑓𝑖𝑡 𝑓𝑟𝑜𝑚 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑 𝑖

F.O.C.
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σ𝑖 𝑛𝑖 𝑚
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σ𝑖F𝑖′ 𝑚
ෝ 𝑖𝑠 ⋅ (𝑟𝑖 − σ𝑠 𝑚
ෝ 𝑖𝑠 ൯

How population characteristics affect the shadow prices?
 A government has to predict 𝑚
ෝ 𝑖𝑠 based on population health status and household
observable characteristics
1. Parameter 𝜆𝑖 ≈ 𝜆: portion of the unhealthy population in a county
2. Parameter 𝜃𝑠 : discrepancy in NCMS benefit distribution on service 𝑠 between
two groups
𝐵
𝐵
3. 𝑚𝑖𝑠
: baseline predicted insurance benefit 𝑚𝑖𝑠
based on household 𝑖’s observable
characteristics

𝑚
ෝ 𝑖𝑠 (𝑝𝑠 ) = 𝜆𝑖 ⋅ 𝑚
ഥ 𝑖𝑠 + 1 − 𝜆𝑖 𝑚𝑖𝑠

𝐵
ഥ 𝐵
𝑚
ෝ
𝑖𝑠 𝑝𝑠 ≡ 𝜆𝜃𝑠 𝑚𝑖𝑠 𝑝𝑆 + 1 − 𝜆 𝜃𝑠 𝑚𝑖𝑠 𝑝𝑠

How population characteristics affect the shadow prices
First-best: no asymmetric information

Second-best: asymmetric information

Holding other factors the same, a county government distorts 𝑝𝑠∗ upwards (undercover service 𝑠) if

1. A higher portion of its residents are unhealthy (𝜆 ↑)
ഥ 𝑠 − 𝜃s ] ↑)
2. Unhealthy households get higher benefit than healthy households ([𝜃

Data Set: China Health and Nutrition Survey data
•Carolina Population Center and Chinese
National Institute for Nutrition and Health
•Longitudinal: 1989, 1991, 1993, 1997, 2000,
2004, 2006, 2009, 2011 and 2015

•Based on the level of economic
development, CHNS sample can be divided
into four major regions:

Northeast
China

East Coast
Central
China

Western
China
Source: https://www.cpc.unc.edu/projects/china/about/proj_desc/chinamap

Empirical Methods
To calculate 𝑝𝑠𝑠𝑒𝑐𝑜𝑛𝑑 , we need
𝐵
risk premium ri , 𝑚𝑖𝑠
, 𝜆 and the parameters
𝜃𝑠
Predict 𝒎𝑩
𝒊𝒔 and 𝒓𝒊 in 2011 based on 2009 information
Risk Premium 𝑟𝑖
Information Assumption 𝒎𝑩
𝒊𝒔
Less information More information
A0 Actual NCMS premium
A1 Average spending covered by NCMS
A2 Semi-ACG risk-adjusted

(𝑟𝐴0 , 𝑚
ෝ 𝐿)
(𝑟𝐴1 , 𝑚
ෝ 𝐿)
(𝑟𝐴2 , 𝑚
ෝ 𝐿)

Note: ACG represents Ambulatory Care Group risk-adjustments algorithm

(𝑟𝐴0 , 𝑚
ෝ 𝑀)
(𝑟𝐴1 , 𝑚
ෝ 𝑀)
(𝑟𝐴2 , 𝑚
ෝ 𝑀)

𝝀 and 𝜽𝑺

<

Results: Estimated relative shadow prices under actual NCMS risk
premium in 2011

Note: All shadow prices are relative to the category of preventive services, so the shadow prices for this
category are normalized to 1.00 in all case.

Results: Estimated relative shadow prices under alternative risk
adjustment systems in 2011

Note: (-) indicates the estimated shadow price is negative. All shadow prices are relative to the category of preventive services

Conclusions
NCMS:
• Challenges of financial sustainability
Local residents are relatively unhealthy: Northeast

• The incentives of under-covering a service is high when
Local governments are less informed
That service is highly demand by unhealthy group: inpatient care

Modified NCMS:
• Distortions can be reduced if its risk premium are adjusted

Limitations and ongoing work
Limitation
• Limited health service types
• Short durations of utilization

Ongoing work:
• Modify objectives of local governments
• Uncertainty of estimated shadow prices

For more information,
please contact us at

Ruoding Shi
(ruoding@vt.edu)
Wen You
(wenyou@vt.edu)

Thank you! Questions?
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