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The Affordable Care Act

March 2010: U.S. President Barack Obama signed into law the
Patient Protection and Affordable Care Act

The “Affordable Care Act” (ACA) or “Obamacare”

The goals of the Act are to:

Reduce health-care costs nationwide

Increase the number of residents who have health insurance

Improve the quality of health-care
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Prior to the Act:

Health-insurers used enrollees’ health history to set premium
rates or even to deny coverage.

After the Act:

The ACA created competitive health-insurance plans to provide
coverage without regard to enrolees’ medical histories.

These insurance plans are organized into “marketplaces”.

The ACA introduced three measures to assist insurers
financially during a transitional period.

– p. 3/24



These measures, known as the “three R’s," are:

Reinsurance: Funding is provided to health-insurance plans
which have enormously high claims costs after the ACA.

Risk corridors: Limits are placed on health-insurers’ losses and
profits to guard against inaccurate health-insurance rates.

Risk-adjustment: A measure which requires health-insurance
plans taking on low risk to transfer funds to plans taking on high
risk.

“Reinsurance” and “Risk corridors” were temporary measures,
while “Risk-adjustment” is permanent.
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Basic idea behind risk-adjustment: To equalize competition
among insurance plans

The risk-adjustment methodology is designed to penalize
health-insurance plans that insure only healthier enrollees and
to reward plans that insure sicker enrollees.

Risk-adjustment is based on a formula called the risk-transfer
formula.

Health economists designed the risk-transfer formula.
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The risk-adjustment methodology uses numerous factors, e.g.,

Plan liability risk score: A measure of the relative costliness of
the enrollee to the insurer.

Induced demand: A tendency for people with higher insurance
coverage to use their insurance more frequently.

Geographic costs: Geographic variables affecting premiums,
e.g., input prices, medical care utilization rates.

Actuarial value: Generosity of insurance coverage.

Allowable rating factors: The effects of factors, e.g., age, which
insurance plans may use to rate enrollees according to risk.
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N : The number of insurance plans in a given marketplace.

PLRSi: A weighted average of Plan i’s plan liability risk scores,
weighted by enrollment months.

IDFi: Plan i’s induced demand factor.

GCFi: Plan i’s geographic cost factor.

AVi: Plan i’s actuarial value.

ARFi: Plan i’s allowable rating factor.

si: Plan i’s share of market-wide enrollment.

P̄s: State-wide enrollment-weighted market average plan
premium.
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The risk-transfer formula

The risk-transfer payment per member-month for the ith plan is:

Ti =

[

PLRSi · IDFi ·GCFi
∑N

j=1
(sj · PLRSj · IDFj ·GCFj)

−
AVi ·ARFi · IDFi ·GCFi

∑N
j=1

(sj ·AVj · ARFj · IDFj ·GCFj)

]

P̄s,

where the sums over j in each denominator are over all
insurance plans in a given marketplace.

The amount of funds transferred by the ith plan equals MsiTi,
where M is the total member-months for all plans in the risk
pool.
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Positive values of Ti correspond to a payment to the plan, and
negative values of Ti correspond to a charge on the ith plan.

In the formula for Ti, the first term inside the square brackets
tries to measure whether the insurance plan is being “generous”
to enrollees.

The second term in the square brackets tries to measure
whether the insurance plan is being “stingy” to enrollees.

The risk-transfer formula subtracts the premium without risk
selection from the premium with risk selection.

The subtraction penalizes insurance plans which avoid risk by
preferring healthier enrolles.
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Let us now go beyond the health economics jargon.

What do we know about the risk-transfer formula?

s1, . . . , sN > 0

s1 + · · ·+ sN = 1

s1T1 + · · ·+ sNTN = 0 (the zero-sum condition)

The zero-sum condition regulates all insurance plans in a given
marketplace.

But what does it all mean for a single plan?
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Example: Suppose that there are three plans in an insurance
marketplace, so N = 3. Then,

s1 = 1− s2 − s3 and s2T2 + s3T3 = −s1T1

For any s2 such that 0 < s2 < 1− s1 and for any T2, we can solve
this equation for T3.

For three or more plans in a pool, no upper or lower bounds on
risk-transfer amounts for other plans can be found from the
transfer amount for a single plan.

This lack of upper or lower bounds subjects individual plans to
unlimited risk-transfer payments. So, smaller insurance plans
are likely to be in greater risk of bankruptcy.
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Let us now consider the Ti as random variables.

µi = E(Ti): The expected value of Ti, i = 1, . . . , N .

The zero-sum condition: s1T1 + · · ·+ sNTN = 0

Take expectations in the zero-sum condition and solve for µN :

E(s1T1 + · · ·+ sNTN ) = 0

s1µ1 + · · ·+ sNµN = 0

µN = −
s1µ1 + · · ·+ sN−1µN−1

sN

Division by a small sN may result in a µN of large magnitude.
So, a small insurance plan which has a negative risk-transfer
amount is at risk of having that amount being large.

– p. 12/24



“Risk Adjustment Transfer as a Percent of Premium, by Insurer Market Share, 2014 Plan Year.”

American Academy of Actuaries, “Insights on the ACA Risk Adjustment Program,” p. 10, 2016.
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We now consider the variance of TN .

Denote by σij the covariance between Ti and Tj , 1 ≤ i < j ≤ N .

Denote by σii the variance of Ti, 1 ≤ i ≤ N .

Proposition. For general N , the variance of the risk-transfer
amount for the N th insurance plan is given by

σNN =
1

s2N

(N−1
∑

i=1

s2i σii + 2
∑

1≤i<j≤N−1

sisjσij

)

.

Here, we have division by s2N , which is smaller than sN .

So, a small insurance plan may have high variance in its
risk-transfer payments.
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Recall the zero-sum condition: −sNTN =

N−1
∑

i=1

siTi

Calculate the variance of each side of this equation:

Var(−sNTN ) = Var

(N−1
∑

i=1

siTi

)

s2N Var(TN ) =

N−1
∑

i=1

s2i Var(Ti) + 2
∑

1≤i<j≤N−1

sisjCov(Ti, Tj)

s2NσNN =

N−1
∑

i=1

s2iσii + 2
∑

1≤i<j≤N−1

sisjσij

Finally, divide both sides by s2N .
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Consider again the case in which N = 3. Then,

σ33 =
s2
1
σ11 + s2

2
σ22 + 2s1s2σ12
s2
3

=
s2
1
σ11 + s2

2
σ22 + 2s1s2σ12

(1− s1 − s2)2
.

How does σ33 change as a function of s1 and s2?

Calculate the gradient of σ33 with respect to s1 and s2.

Differentiate σ33 with respect to s1 and simplify. We obtain:

∂

∂s1
σ33 =

s1(1− s2)σ11 + s2
2
σ22 + s2(1 + s1 − s2)σ12

1

2
(1− s1 − s2)3
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Conclusion: ∂σ33/∂s1 ≥ 0 if and only if

σ12 ≥ −
s1(1− s2)σ11 + s2

2
σ22

s2(1 + s1 − s2)
.

Similarly, ∂σ33/∂s2 ≥ 0 if and only if

σ12 ≥ −
s2(1− s1)σ22 + s2

1
σ11

s1(1 + s2 − s1)
.

When these inequalities hold, σ33 increases as s3 decreases.

The variance of the risk-adjustment transfer amount for Plan 3
increases as its market share decreases.

This places insurers who are losing enrollees in an even more
precarious situation.
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It is easy to find covariance matrices,

Σ =







σ11 σ12 σ13

σ12 σ22 σ23

σ13 σ23 σ33







for which the previous inequalities hold.

Since T1, . . . , TN satisfy a linear relationship then Σ is singular.
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An example with N = 3:

Σ =







4.0 −0.6 89.1

−0.6 3.0 −9.0

89.1 −9.0 1991.25







Use the market shares s1 = 0.90, s2 = 0.06, and s3 = 0.04

The inequalities reduce to σ12 ≥ −30.8 and σ12 ≥ −22.6,
respectively. Since σ12 = −0.6 then both inequalities hold.

Notice that σ33 = 1991.25, which is much larger than σ11 or σ22.

Homework: Verify that Σ is a singular matrix.
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An example with N = 4:

Σ =











5.0 −1.0 0.8 98.7

−1.0 4.0 −0.6 −10.9

0.8 −0.6 3.0 19.0

98.7 −10.9 19.0 1975.25











Use the market shares s1 = 0.8, s2 = 0.1, s3 = 0.06, s4 = 0.04

It is easy to verify that all the gradient inequalities are valid.

σ44, the variance of the risk-transfer amount for Plan 4, will
increase as s4 decreases.

Note: σ33 = 1975.25, which is much larger than σ11, σ22, or σ33.

Homework: Verify that Σ is singular.
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What about the case of general N?

Theorem. If σij ≥ 0 for all i, j = 1, . . . , N − 1 then σNN is a

decreasing function of sN .

The proof uses:

(1) the property that Σ is singular,

(2) simple linear algebra, and

(3) differentiation of the formula for σNN .

Consequence: For any N , it is easy to find cases in which σNN

is a decreasing function of sN .
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Summary

This talk addresses several aspects of the Affordable Care Act’s
risk-transfer formula.

The magnitude of the risk-transfer amounts for small insurance
plans can be far greater than for large plans.

We find conditions such that the variance of a plan’s risk-transfer
payments is a decreasing function of the plan’s market share.

In such cases, plans with smaller market shares may experience
higher volatility than larger plans.
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Smaller plans often have lesser capital and are less able to
survive large capital fluctuations.

Since there is no limit on the magnitude of risk-transfer amounts,
any higher variability of risk-transfer amounts for smaller plans
will place them at greater risk of bankruptcy.

In any revision of the ACA, these properties of the risk-transfer
formula need to be addressed.

Our results arise purely as a consequence of the mathematical
nature of the formula.

The results apply to any risk-equalization system which uses
zero-sum transfer payment methods.
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