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Financing Pension Provision

Regarding the way benefits provided by a pension arrangement
are financed, a pension arrangement can be:

Pay As You Go (PAYG)
current contributions from workers are used to cover the
costs of current payments to pensioners.
Public pension systems in Europe are generally PAYG

“funded”→ advance funding
Current contributions are invested and accrued in order to
meet the cost of future benefits.
Occupational pension schemes are usually funded
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Problems with PAYG system

Ageing population problem

the continuous drop in the birth rates
the rising life expectancy
the widening of the scholastic period, with consequent late
entry in the working life

⇒ progressive reduction of the ratio active workers / retirees

⇒ seriously damaging the equilibrium of the public pension
systems, based on PAYG system.
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Three pillar system

The trend is to support the so-called three pillars system:

First pillar: on a public level, aimed to guarantee to all
citizens a minimum basis pension and other welfare
benefits

Second pillar, on a collective level, occupational, providing
retirement benefits to groups of workers

Third pillar, on an individual level, guaranteeing an extra
income to the retiree; including individual pension plans in
the form of life insurance policies, or deferred annuities.
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Importance of second pillar

Encouragement and development of occupational pension
schemes in the future pension provision of most of the
countries

Defined benefit plan: benefits are usually service and
salary related

Defined contribution plan: contributions fixed, usually as a
percentage of the salary
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Security mechanisms

In many EU countries, the current funding level of DB
pension funds are relatively low

Possible security mechanisms provided to the defined
benefit plans:

Sponsor guarantee

Pension guarantee funds
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Sponsor guarantee

The funding risks are absorbed by the corporate
shareholders.

Defined as sponsor’s commitment to make future
deficit-funding contributions required until pension liabilities
are extinguished.

Sponsor guarantee frequently serves as a primal support
to the pension benefits, if both sponsor and PGF support
are available.
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Pension guarantee fund

The funding risks are born by the pension guarantee fund.

Risks are effectively pooled amongst other pension funds
and corporations
Such a system ensures the promised pension benefits in
case the corporation or the pension fund defaults
The PGF charges a premium (or levy) to sponsors or
pension funds and pays out pension benefits to
beneficiaries whose promises are otherwise violated

Flat premium
Variable premium
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Pension guarantee fund
Country Trigger for Intervention Sponsor Degree of Pension
(Name) intervention procedure default under fund

risk funding investment

US Sponsor default Assets and No Yes No
(PBGC) pension fund liabilities

default taken over
Canada Sponsor default Payment No Yes No
(PBGF) pension fund made to

underfunded pension fund
UK Sponsor default Assets and Yes Yes No
(PPF) Inability to liabilities

pay PPF levy taken over
Japan Sponsor default Assets and No Yes No
(PBG) Inability to liabilities

pay PBG levy taken over
Germany Sponsor default Annuities No No No
(PSV) Pension fund are bought

underfunded
Sweden Sponsor default Annuities No Yes No
(PG) are bought
Switzerland Pension fund Annuities No Yes No
(BVG) default are bought

Intervention policy and contribution policy in countries with a pension guarantee fund
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Difficulties in implementing solvency rules

Initial steps have been taken to revise the current IORP Directive
to ensure obligations of occupational pensions⇒ IORP II Project

Like Solvency II, IORP II project are based on the risk measure
“Value at Risk” with a confidence level of 99.5%.

One major difficulty pension funds encounter in the
implementation of solvency rules for IORPs is their
inhomogeneous initial situations

diverse other security mechanisms (like sponsor support or
pension guarantee funds) exist already in different pension
funds.

If the objective of a supervisory authority is to provide a uniform
security level for all beneficiaries, the existing security
mechanisms need to be considered adequately.



page 12 An Chen | June 2015

Questions

How is the optimal regulatory rule affected by the existence of
different security mechanisms?

How is the investment policy of the pension funds influenced by
the existence of different security mechanisms?
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Model setup: assumptions

Consider a pension plan for a representative beneficiary
who has to work for another T years.

At time t0 = 0, a conditionally indexed DB pension plan is
issued to the beneficiary who provides an upfront
contribution L0.

The pension fund also receives an initial contribution S0
from the sponsor at time t0 = 0.

The initial asset value X0 = S0 + L0

L0 = αX0 with α ∈ (0,1)
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Pension fund’s asset process

The pension fund invests in a constant equity-bond-mix

The pension fund trades in the risk free bond F and the risky
asset A in a self-financing way starting with initial wealth X0

dXt =θ · Xt ·
dAt

At
+ (1− θ) · Xt ·

dFt

Ft

=Xt (r + θ(µ− r)) + θ σ Xt dW 1
t

dAt =µAtdt + σAtdW 1
t (risky asset)

dFt =rFtdt (risk-free asset)

θ: fraction of wealth invested in the risky asset At and the
remaining (1− θ) fraction invested in the risk free bond F
W 1: standard Brownian motion under the market probability
measure P
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Premature default

Triggering event for premature default: underfunding of the
pension fund.
The intervention time when the regulator steps in and
liquidates the pension fund, is the first time the pension
fund’s assets hit or drop below the regulatory threshold

τ := inf{t | Xt ≤ ηLt},

where again Lt = L0eδt and we assume the regulatory
parameter η ∈ [0,1]

η = 1: the regulator does not tolerate the slightest
underfunding
η = 0: premature default is impossible
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Pension benefits

If τ > T , no premature default, the pension benefits are
paid out as a lump sum at time T , a conditionally indexed
defined pension plan

ΦPF (T ) = LT + βα

[
XT −

LT

α

]+

− [LT − XT ]+.

If τ ≤ T , a rebate payment is given to the beneficiary at τ

ΦPF (τ) = Xτ = ηLτ .
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Sponsor’s asset dynamics

To model the sponsor support, we define the asset
evolution of the sponsoring company as follows:

dCt = µcCtdt + σcCt (ρdW 1
t +

√
1− ρ2dW 2

t )

σc : volatility
µc : instantaneous rate of return
W 1

t and W 2
t are two independent Brownian motions under

the market probability measure P.
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Sponsor guarantee
Sponsoring companies might not always completely cover
the pension fund’s deficits

sponsor default when it is unable to pay back its corporate
debts ψC0egt

If the pension fund is underfunded at payout time
t∗ = min{τ,T},

a) If covering the pension fund’s deficit does not lead to the
default of the sponsor, the sponsor compensates the entire
deficit Lt∗ − Xt∗ .

b) If the sponsor is unable to cover the entire deficit, it pays
what it still has after paying back the corporate debt.

c) If the sponsor is underfunded at time t∗, it
cannot provide any support to the underfunded pension
fund.
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Sponsor guarantee

The financial support that the sponsoring corporate needs to
provide at time t∗ = T (i.e. τ > T ) is described by

ΦS(T ) =(LT − XT )1{CT≥ψC0egT +(LT−XT )}1{XT<LT}

+ (CT − ψC0egT )1{ψC0egT<CT<ψC0egT +(LT−XT )}1{XT<LT},

If t∗ = τ (i.e. τ ≤ T ), we can use the additional information
Lτ − Xτ = (1− η)Lτ , and for this case the sponsor support can
be reduced to

ΦS(τ) =(Lτ − Xτ )1{Cτ≥ψC0egτ +(Lτ−Xτ )}
+ (Cτ − ψC0egτ )1{ψC0egτ<Cτ<ψC0egτ +(Lτ−Xτ )}

=(1− η)Lτ1{Cτ≥ψC0egτ +(1−η)Lτ}
+ (Cτ − ψC0egτ )1{ψC0egτ<Cτ<ψC0egτ +(1−η)Lτ}.
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PGF guarantee

The PGF usually provides a financial support to an
underfunded pension fund, but provide no full support to
severely underfunded pension funds.

For the payout time t∗ = min{τ,T}, we define the
maximum payment of the PGF as

L̄t∗ := γ (1− η)Lt∗ , γ ∈ (0,1).
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PGF guarantee

If there is exclusively PGF support, it is defined by

ΦPGF (t∗) = min{Lt∗ − Xt∗ − ΦS(t∗), L̄t∗}1{Xt∗+ΦS(t∗)<Lt∗}

If there are both sponsor and PFG support, we assume
that deficits are at first compensated by the sponsor and
only the remaining part by the PGF.

ΦPGF (t∗) = min{Lt∗ − Xt∗ , L̄t∗}1{Xt∗<Lt∗}
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Four settings

The benchmark case in which the pension fund operates in
isolation. It does not share risks with external stakeholders.

Support provided by the sponsor.

Support provided by the PGF.

Support provided by both the sponsor and the PGF.
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Total payoff of the beneficiary

The total beneficiary’s contract payoffs are given by

{sm}Φ(t∗) = ΦPF (t∗) +
∑

Y∈sm

ΦY (t∗)

which means

{}Φ(t∗) = ΦPF (t∗)
{S}Φ(t∗) = ΦPF (t∗) + ΦS(t∗)

{PGF}Φ(t∗) = ΦPF (t∗) + ΦPGF (t∗)
{S,PGF}Φ(t∗) = ΦPF (t∗) + ΦS(t∗) + ΦPGF (t∗).
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Shortfall probability

Shortfall probability

{sm}SP :=E [1{{sm}Φ(t∗)<Lt∗}]

=E [1{{sm}Φ(T )<LT }1{τ>T}] + E [1{{sm}Φ(τ)<Lτ}1{τ≤T}].

Different from default probability: P(τ ≤ T )

Shortfall probabilities can be computed analytically.
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Parameter choice
Parameter value meaning

T 15 regular payout time
X0 100 overall contribution to pension fund
L0 90 beneficiary’s contribution to pension fund
δ 0.02 guaranteed rate of return
r 0.05 risk free rate
µ 0.08 rate of return for risky asset
σ 0.3 volatility of risky asset
θ 0.5 fraction of risky assets
η 0.8 regulatory threshold
C0 100 initial value of sponsors assets
ψ 0.6 corporate debt factor
g 0.05 increase rate for corporate debt
µc 0.0875 rate of return corporate assets
σc 0.25 volatility corporate assets
ρ 0.5 correlation pension fund’s and corporate’ assets
γ 0.8 cap factor PGF
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Shortfall probability
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{S,PGF}SP

Shortfall probabilities under different schemes with standard
parameter and varying θ
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Finding the optimal regulatory threshold

The goal of supervision is assumed to prevent shortfall and to
ensure that the beneficiary obtains the promised guarantee
payment with a minimum probability, i.e.,

{sm}SP ≤ εSP .

Pension funds aim not to fall below the regulatory limits with
a certain probability c for some 0 < c < 1.

θ∗(η, c) := max{0 ≤ θ ≤ 1 : P(τ ≤ T ) ≤ c}.

The regulatory threshold η is optimally determined by the
regulator, taking account of the optimal equity holding θ∗ of the
pension fund
{sm}η∗SP(εSP , c) := min{0 ≤ η ≤ 1 : {sm}SP(η, θ∗(η, c)) ≤ εSP}
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Optimal equity holding for a given η

c = 0.005 c = 0.01 c = 0.05 c = 0.1

η = 0.6 0.5070 0.5490 0.7020 0.8150
η = 0.7 0.4240 0.4590 0.5860 0.7000
η = 0.8 0.3470 0.3750 0.4770 0.5540
η = 0.9 0.2700 0.2920 0.3700 0.4280

Optimal equity holding θ∗ for varying regulatory threshold η and
default probability constraint c
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Optimal regulatory threshold

{}η∗SP
{PGF}η∗SP

{S}η∗SP
{S,PGF}η∗SP

εSP = 0.0095 0.96 0.96 0.88 0.59
εSP = 0.01 0.93 0.77 0.87 0.54
εSP = 0.02 0.78 0.30 0.75 0.23
εSP = 0.03 0.72 0.19 0.68 0.14
εSP = 0.04 0.68 0.14 0.62 0.00

Optimal regulatory threshold for varying εSP and c = 0.01
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Optimal equity holding

θ∗({}η∗SP , c) θ∗({PGF}η∗SP , c) θ∗({S}η∗SP , c) θ∗({S,PGF}η∗SP , c)

εSP = 0.0095 0.15 0.15 0.20 0.35
εSP = 0.01 0.17 0.25 0.20 0.38
εSP = 0.02 0.25 0.58 0.26 0.66
εSP = 0.03 0.28 0.71 0.30 0.80
εSP = 0.04 0.30 0.80 0.34 1.00

Optimal equity holding corresponding to optimal regulatory threshold:
η = {sm}η∗SP and c = 0.01



page 31 An Chen | June 2015

Conclusion

In a quite stylized setting, this paper examines the effect of
existing security mechanisms on the optimal regulation for
an IORP.

We see that the optimal regulatory thresholds differ
substantially under security mechanisms.

Security mechanisms have to be considered adequately
when regulatory rules are set.

The choice of the risk measure (shortfall probability or
expected shortfall) is quite relevant for the determination of
the regulatory threshold.
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Thank you for your attention!
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