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Insurance and “actuarially fair premiums"

“Insurance is the contribution of the many to the misfortune of the few'
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Following [Arrow, 1963], “actuarially fair premiums" = “expected losses"
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Insurance and “actuarially fair premiums"
There is no “law of one price" in insurance, see [Froot et al., 1995]

— with different models and different portfolio, we can have two different premiums
“Insurance is the contribution of the many to the misfortune of the few"
Insurance is a risk transfer (from a policyholder to an insurance company)
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Actuarial Fairness is about the balance of this risk transfer
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Insurance and “actuarially fair premiums"

“Insurance is the contribution of the
many to the misfortune of the few"

As discussed in [Charpentier, 2025], in-
surance is also a risk sharing (among
policyholders)

Fairness (and equity) have to do with
risk sharing and cross-subsidies within
risk classes

—— | 3 ; I
ﬁ;} what is “expected losses"?

E(Y) or E(Y | X)?
and what should be X7
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Insurance and “actuarially fair premiums"

“Discrimination is the act, practice, or an instance of separating or
distinguishing categorically rather than individually," [Merriam-Webster, 2022].

“To be an actuary is to be a specialist in generalization, and actuaries engage in
a form of decision making that is sometimes called actuarial. Actuaries guide
insurance companies in making decisions about large categories that have the
effect of attributing to the entire category certain characteristics that are
probabilistically indicated by membership in the category, but that still may not
be possessed by a particular member of the category," [Schauer, 2006].

[Most] “actuaries cannot think of individuals except as members of groups"
claimed [Brilmayer et al., 1979]. Each individual is assigned the same value as all other
members of the group to which it is assigned.
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Insurance and “actuarially fair premiums"

"What is unique about insurance is that even statistical discrimination which by
definition is absent of any malicious intentions, poses significant moral and
legal challenges. Why? Because on the one hand, policy makers would like
insurers to treat their insureds equally, without discriminating based on race,
gender, age, or other characteristics, even if it makes statistical sense to
discriminate (...) On the other hand, at the core of insurance business lies
discrimination between risky and non-risky insureds. But riskiness often
statistically correlates with the same characteristics policy makers would like to
prohibit insurers from taking into account. " [Avraham, 2017]

“Technology is neither good nor bad; nor is it neutral," [Kranzberg, 1986]

“Machine learning won’t give you anything like gender neutrality for free’ that
you didn’t explicitly ask for," [Kearns and Roth, 2019]
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Disparate Treatment or Disparate Treatment?

e Supreme Court Justice Harry Blackmun stated, in 1978,

“In order to get beyond racism, we must first take account of race. There is
no other way. And in order to treat some persons equally, we must treat
them differently,"” [Knowlton, 1978], cited in [Lippert-Rasmussen, 2020]

To counteract disparate impact , intentional disparate treatment is necessary

See philosophical discussions about affirmative action, e.g.,
[Rubenfeld, 1997, Pojman, 1998, Anderson, 2004]

e In 2007, John G. Roberts of the U.S. Supreme Court submits

“The way to stop discrimination on the basis of race is to stop
discriminating on the basis of race," [Sabbagh, 2007] and [Turner, 2015]

corresponds to the “colorblind" approach
Rejects any form of disparate treatment , even for corrective purposes, and

reproduction of historical inequalities will lead to disparate impact
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Kitagawa-Oaxaca-Blinder Decomposition
Following [Kitagawa, 1955], [Oaxaca, 1973], [Blinder, 1973]

Ya=X,Ba+ca E[ea|lXa] =0, in group A,
, E[eg|XB] =0, in group

or synthetically Ys = X{ B8 +es. Write Ys = E[Ys] and Xs = E[Xs].
The overall disparity between groups A and B is

Ay =Yr—Yp= )_(,l—ﬁA — )_(;53-
Ay = (Xa—Xg) 8"+ X4 (B4 — B*) + X5(B8" — Bg).

B* = Bg (Blinder's version): Ay = (X4 — Xg) Bg + )_(;(BA — Bg)
B* = B, (Oaxaca's version): Ay = (X4 — Xg)' B4+ )_(E(BA — Bg)
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Kitagawa-Oaxaca-Blinder Decomposition

Visualization of Oaxaca-Blinder decomposition of y4 — ¥, as XA(,BA — 55) and
(Xa — XB)BB on the left, and XB(ﬁA - ﬁB) and (Xa — XB)ﬁA (on the right).
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Causal Approach and Counterfactual Discrimination

We have counterfactual fairness if “had the protected attributes (e.g., race) of the
individual been different, other things being equal, the decision would have
remained the same," [Kusner et al., 2017]

If the protected variable is considered as the treatment, individual fairness is close a
measuring a treatment effect.

What does “other things being equal " really mean ?

It is possible to suppose that the protected attribute A could affect some explanatory
variables X in a non-discriminatory way, [Kilbertus et al., 2017] (concept of “revolving

variable").
e two groups, distribution of height (cm) with women and (in the U.S.)
e two groups, distribution of baby weight (g) with non-black and mothers,

delivering babies (in the U.S.)
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Causal Approach and Counterfactual Discrimination
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Causal Approach and Counterfactual Discrimination

sensitive
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Causal Approach and Counterfactual Discrimination
sensitive
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Pillar | — Actuarial Fairness (Efficiency & Solvency)

Align premiums with expected loss to minimize undesirable cross-subsidies

while sustaining solvency and competitiveness.

e Benchmark notion: best-estimate premium mgg(x,s) = E[Y | X = x,S = s]

e Within the spectrum, deviations from mgg reveal efficiency trade-offs when
constraints are imposed for other pillars.

e Post-pricing checks (on any commercial price 7):

- Commercial loading. CL = 7t — e (e.g., vs. aware or corrective benchmark).
- Commercial burden: distribution of CL across segments; flags pockets of
systematic over/under-pricing.

e Governance implication: when deviating from risk-based pricing, document the
rationale (regulatory limits, strategic solidarity, causal restrictions).
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Pillar Il — Solidarity (Distributional Justice & Accessibility)

Mitigate disparities across protected groups and ensure reasonable
access/ affordability.

e Corrective premium family: enforce similar premium distributions across levels of
S while retaining as much predictive power as possible.

e Parity cost: loss in predictive performance (or added deviation from 7gg) required
to reach a chosen parity target.

e Focus on who is affected: translate impacts into euros per policyholder and
headcounts per segment.

e Trade-off transparency: stronger solidarity typically increases distance to 7BF;

quantify and justify.
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Pillar 11l — Causality (Legitimate Use of Data & Anti-Proxy)

Use only variables capturing legitimate causal pathways to risk; avoid
direct or indirect (proxy) use of sensitive attributes.

e Key benchmarks:
- Unaware my(x) = E[Y | X = x| (excludes S).
- Aware (controlled) ma(x) = Es[mge(x, S)].
- Hyperaware m4(x) = Es[rc(x, S)], for some corrective score.
e Proxy vulnerability (local, pre-pricing): PV; = 7VA — g/W
Measures how much allowed features pick up the signal of D (proxy risk).
e Governance: data lineage, legitimate-causal-usage notes, and periodic proxy audits
with segment drilldowns.
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The Three Pillars, Take-Away

“We argue that actuarial fairness, solidarity, and causality form the three core
dimensions of fairness in insurance pricing: actuarial fairness aligns
premiums with expected losses, mitigating cross-subsidies; solidarity aligns
premiums across protected groups, mitigating disparities; causality ensures
models capture only true risk factors, mitigating proxy effects," [Coté et al., 2025]

e There are three pillars, [Coté et al., 2025] and [Charpentier et al., 2025]
actuarial fairness , efficiency & solvency
solidarity , distributional justice & accessibility
causality , legitimate use of data & anti-proxy

e We have solid mathematical guarantees to insure “fairness”
. what we miss is probably a clear legal framework, but not sufficient
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