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Abstract

We develop an actuarially grounded NDC counterfactual to benchmark Spain’s pay-as-
you-go defined-benefit pension system. Using MCVL administrative microdata for 2015—
2023, we reconstruct individual notional capital from contribution histories and compare
it with the actuarial cost of DB entitlements for retirement, disability and survivor-
contingent reversibility. Italy’s NDC experience serves as an institutional reference
highlighting the need for explicit treatment of non-old-age contingencies. DB costs
generally exceed NDC capital, revealing implicit transfers not captured in retirement-only
assessments. Disability generates the largest deviations, while survivor reversibility adds
contingent liabilities. Results support distinguishing contribution-based entitlements,
contingent liabilities and redistributive effects.
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NDC Benchmarking of Spanish Pensions: Disability, Survivor Reversibility and
Hidden Redistribution

1. Introduction

Spain's public pension system operates predominantly as a pay-as-you-go (PAYG)
defined-benefit (DB) scheme. Like many mature pension systems, it faces growing
pressure from population ageing, slower economic growth and the legacy generosity of
benefit formulas. Recent estimates suggest that accrued pension liabilities increased
substantially between 2015 and 2021, intensifying concerns about the system's long-term
solvency and fiscal transparency (Castaiier et al., 2025). Recent reforms, including the
reintroduction of indexation to the Consumer Price Index (CPI), the repeal of the
sustainability factor, incentives for delayed retirement and larger Treasury transfers, have
sought to stabilize the system. However, independent assessments continue to question
whether these parametric measures are sufficient to address the structural imbalance
between contributions and expected benefits (AIReF, 2023; De la Fuente et al., 2023;
Garcia-Diaz, 2023). In fact, recent macroeconomic modelling warns that the latest
changes could prove counterproductive by failing to improve sustainability while
reducing the welfare of high earners through increased payroll taxes. These findings
suggest that further pension reforms are likely to remain on the policy agenda (Diaz-
Giménez & Diaz-Saavedra, 2026).

A central limitation of many pension assessments is that they focus primarily on old-age
retirement benefits (AIReF, 2025; Villanueva-Garcia et al., 2025), while non-retirement
contingencies are treated more aggregately or left outside the main actuarial comparison.
However, the cost of a contributory pension system is shaped not only by ordinary
retirement pensions, but also by disability pensions, survivor reversibility and subgroup-
specific mortality. Omitting or simplifying these elements may understate both the value
of pension promises and the distributional incidence of transfers embedded in
contributory formulas.

In parallel, the international literature has increasingly explored implicit transfers, social
security wealth, and internal rates of return (Belloni et al., 2020; Rose et al., 2024a, 2024b;
Groenewoud & Ponds, 2025). Nevertheless, these studies often face data and design
limitations: they frequently rely on survey data rather than administrative records and
examine hypothetical rather than observed workers. Furthermore, a related strand
emphasizes that such distributional estimates are highly sensitive to mortality
assumptions (Haan et al., 2020; Vidal-Melid et al., 2025).

This paper addresses this limitation by developing an actuarially grounded Notional
Defined Contribution (NDC) counterfactual as a transparency benchmark for Spain’s DB
pension system. The purpose is not to simulate an immediate replacement of the Spanish
DB scheme, but to provide a contribution-based actuarial reference against which the
cost, incidence and visibility of implicit redistribution can be assessed. Observed
contribution histories are used to reconstruct the notional capital that individuals would
have accumulated under a stylized NDC rule, which is then compared with the actuarial
cost of observed DB pension entitlements. The assessment is summarized through three
actuarial indicators: the notional-cost gap, the money’s-worth ratio (MWR) and the real
internal rate of return (IRR). The empirical analysis uses administrative microdata from
the Continuous Sample of Working Lives (Muestra Continua de Vidas Laborales,
MCVL) for cohorts entering retirement or disability between 2015 and 2023.



Italy provides a useful institutional reference because its NDC architecture links benefits
to capitalized lifetime contributions and age-specific transformation coefficients.
However, disability and survivor benefits remain governed by distinct design rules that
are not fully integrated into the NDC logic. This case illustrates the limitations of
extending NDC principles beyond old-age pensions without an explicit actuarial
treatment of disability and survivor contingencies.

Against this background, the paper addresses three research questions. First, how does
the actuarial cost of Spain’s observed DB pension entitlements compare with the notional
capital accumulated under a pure NDC benchmark that jointly accounts for retirement,
disability, and survivor benefits? Second, which groups concentrate the largest actuarial
gaps, MWRs and IRRs by sex, career length, cohort and contingency? Third, how much
does the diagnosis of actuarial imbalance change when disability pensions and survivor
reversibility are explicitly incorporated rather than treating retirement pensions in
isolation?

To our knowledge, we are not aware of any previous country-level DB-NDC
benchmarking exercise that combines reconstructed notional capital, observed DB
pension flows, contingency-specific mortality assumptions, disability pensions and
survivor-contingent liabilities within a single empirical valuation. This paper provides
such an exercise for Spain. The contribution is not to introduce new actuarial indicators,
but to apply existing measures jointly to contingencies that are often analysed separately
or simplified in aggregate pension assessments.

After this introduction, Section 2 presents the methodology, data and actuarial
assumptions used to construct the NDC benchmark and value DB pension entitlements.
Section 3 reports the empirical results by contingency, sex, contribution history and
survivor scenario. Section 4 discusses the implications for actuarial monitoring, fiscal
transparency, redistribution and pension design. Section 5 concludes. Appendix A reports
the formal valuation framework, Appendix B presents the disability-specific mortality
assumptions and Appendix C formalizes the Italian NDC reference cases. The paper is
accompanied by Supplementary Material that provides the full distributional tables
underlying the empirical analysis. These include summary statistics (minima, quartiles,
medians, means and maxima) by cohort, sex and survivor-reversibility scenario, as well
as disability results by severity grade and representative low and high MWR profiles.

2. Data, Assumptions and Actuarial Benchmarking Strategy

This section outlines the empirical framework and valuation procedures used to address
the paper’s main research questions. The benchmark is constructed in three steps. First,
individual contribution histories observed in the MCVL are used to reconstruct the
notional capital accumulated under the counterfactual NDC rule. Second, the actuarial
present value of retirement and disability pension entitlements is computed, both without
and with survivor reversibility. Third, the difference between NDC capital and DB
pension cost is summarized through three indicators.

2.1. Benchmarking Logic

NDC systems are PAYG schemes that record contributions in individual notional accounts
and convert accumulated notional capital into an annuity using actuarial conversion
factors. Their central actuarial logic is to link pension entitlements to lifetime
contributions while adjusting benefits to demographic and macroeconomic conditions
(Holzmann, 2017).



The benchmark is deliberately stylized. It credits observed contributions, capitalizes them
according to a macroeconomic notional return rule, and values benefits using mortality
assumptions matched to the relevant contingency and subgroup. It is not intended to
reproduce every legal feature of an actual NDC reform, but to identify where observed
DB pension promises exceed, match or fall short of contribution-based actuarial capital.

The comparison focuses on three contributory components: retirement pensions,
disability pensions and survivor reversibility generated by the death of a retirement or
disability pensioner. These components are analysed jointly because they are not
actuarially independent modules. Disability changes the timing and expected duration of
pension payments, while survivor reversibility converts an individual pension promise
into a contingent family benefit.

The benchmark should not be read as treating redistribution as undesirable. It separates
actuarial balance, fiscal transparency and pension adequacy as distinct dimensions of
pension assessment.

2.2. Data and Sample Construction

The empirical analysis uses the Continuous Sample of Working Lives (Muestra Continua
de Vidas Laborales, MCVL), a longitudinal administrative dataset drawn from Spanish
Social Security records. The MCVL provides individual-level information on
employment histories, contribution bases, demographic characteristics, contractual
arrangements and pension records. Its representativeness and usefulness for pension
analysis has been documented by Pérez-Salamero et al. (2017). The analysis covers 2015-
2023 and focuses on individuals entering retirement or disability during those years.

Table 1 reports the final analytic sample used in the DB-NDC benchmarking exercise.
The sample contains 31,382 pension observations across the 2015-2023 entry cohorts:
4,659 retirement pensioners and 26,723 disability pensioners. Full distributional statistics
and reference denominators for these cells are reported in the Supplementary Material.
Tables R1-R8 cover retirement pensioners by sex and survivor-reversibility scenario,
while Tables D1-D16 cover disability pensioners by sex, disability grade and survivor-
reversibility scenario.

Table 1. Analytic sample by cohort, contingency and sex, 2015-2023

Cohort Retirement Disability Total
Women Men Total Women Men Total
2015 269 260 529 1,184 2,035 3,219 3,748
2016 261 270 531 1,277 2,012 3,289 3,820
2017 265 275 540 1,151 1,882 3,033 3,573
2018 316 321 637 1,248 1,755 3,003 3,640
2019 185 296 481 1,282 1,811 3,093 3,574
2020 185 321 506 1,035 1,454 2,489 2,995
2021 165 315 480 1,129 1,791 2,920 3,400
2022 198 268 466 1,095 1,701 2,796 3,262
2023 190 299 489 1,126 1,755 2,881 3,370
Total 2,034 2,625 4,659 10,527 16,196 26,723 31,382

Source: Own elaboration Note: Counts correspond to the final analytic cells used for
the actuarial indicators.

The empirical sample is restricted to records for which accumulated notional capital can
be reconstructed from observed contribution bases. This restriction is especially relevant
for retirement pensions, where reported or credited contribution months do not always
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match the contribution bases effectively observed in the MCVL. In microsimulation
exercises, missing monthly contribution-base records may be completed using statutory
minimum bases or related imputation procedures (AIReF, 2025). Such imputations are
useful when approximating the DB regulatory base, but they do not correspond to
contributions actually observed in the administrative record. Because the NDC
counterfactual is contribution-based by construction, the benchmark retains only cases
for which observed contribution bases can be consistently matched to the contribution
history. Disability records are much less affected by this restriction, and almost all
disability pension-entry records remain usable for the actuarial calculations.

2.3. Actuarial and Economic Assumptions

The assumptions are organized in three blocks. First, financial and economic assumptions
determine the notional return used to accumulate contributions and the discount and
indexation rates used to value DB pension payments. Second, contribution-rate
assumptions define the capital accumulated under the NDC counterfactual. Third,
biometric assumptions determine the expected duration of retirement, disability and
survivor benefits.

Contributions in the NDC counterfactual are capitalized using a macroeconomic notional
return equal to the geometric average of nominal GDP growth over the five years
preceding each year of application. This rule smooths short-term macroeconomic
volatility while preserving the link between notional accumulation and observed
economic performance. Although inspired by the Italian NDC framework, the benchmark
does not impose a floor during recessions to avoid negative notional rates, preserving the
actuarial transparency (European Commission, 2024; Geroldi et al., 2025).

Figure 1 shows the long-run evolution of GDP growth in Spain. The decline in real GDP
growth across successive decades is relevant for a PAYG pension system because it
affects both the financing capacity of the system and the capitalized value of contribution-
based pension rights. By linking notional accumulation to GDP growth, the benchmark
makes this macroeconomic constraint explicit.

Figure 1: Annual GDP growth rates in Spain (1964-2024).
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The actuarial valuation of DB entitlements uses the financial and indexation assumptions
reported in Table 2. The nominal discount rate is based on the 27-year geometric average
of real GDP growth and inflation. This horizon corresponds to the average system
maturation period used in actuarial analyses of the Spanish pension system and reflects
the lag between contributions and pension entitlements (Garvey et al., 2023; Castafier et
al., 2025). Pension indexation is derived using the same historical window. Real discount,
real indexation and real actuarial discount rates are then obtained by adjusting for inflation
and pension revaluation.

Table 2. Financial and economic assumptions, 2015-2023
Assumption (%) 2015 2016 2017 2018 2019 2020 2021 2022 2023

Nominal discount rate (i) 445 430 425 4.18 487 470 458 403 423
Nominal ‘“(‘;‘;"a“"“ ratt 403 388 400 3.64 330 3.06 301 286 273
Inflation

3,53 331 310 290 271 255 238 226 231
rate (1)

Real discount rate (i*) 0.89 095 1.12 124 211 210 214 173 1.88
Real indexation rate (4*) 048 0.55 0.87 0.72 0.57 0.50 0.62 0.59 041

Real actuarial discountrate 5 o, 40 024 052 152 1.60 152 1.14 146

i)
Source: Own elaboration

This historical-data approach follows the stability and transparency principles
recommended by Eurostat (2020). It also avoids relying directly on long-term
macroeconomic projections, which may introduce forecast errors or optimistic biases in
public-sector pension valuation (O’Brien & Zaranko, 2023; Morikawa, 2022).

Table 3 reports the contribution-rate, notional-return and biometric assumptions used in
the benchmark. The benchmark uses unified contribution rates (CR) to avoid introducing
year-specific contribution-rate variation into the NDC counterfactual. These rates are
derived from the 2002-2024 pension-payroll distribution for the General Regime and the
self-employed regime combined. Retirement and permanent disability account for
80.48% of total contributory pension payroll, rising to 98.36% when widowhood pensions
are also included. Applying the common contribution rate (28.30%) to these shares gives
22.78% and 27.83%, respectively.

Table 3. Contribution rates, notional return and biometric assumptions

Item Assumption
CR retirement and disability 22.78%
CR retlrement., disability and 27 83%
survivors

Geometric average of the nominal GDP growth rates

Notional rate for observed in the five years preceding the year of

contributions . .
application. See Figure 1.
Mortality basis: retirement Income-quartile life tables. Own elaboration from Vidal-
and survivors Melid et al. (2025).
Mortality basis: disability Severity- and onset-specific hfe.tables. Own elaboration;
see Appendix B.

Mortality basis: survivors of

pensioners with disabilities General-population life tables, INE.

Source: Own elaboration

Mortality assumptions are central to the benchmark because they determine the expected
duration of pension payments and survivor-contingent liabilities. Retirement pensions
and survivor reversibility are valued using mortality tables differentiated by sex and



pension-income group, based on refined estimates for Spanish pensioners aged 65 and
over (Vidal-Melia et al., 2025).

Table 4 reports life expectancy at selected ages by pension-income group and sex,
alongside general-population estimates from the Spanish National Statistics Institute
(Instituto Nacional de Estadisticas, INE), revealing two patterns for the valuation. First,
there is a clear within-sex longevity gradient by pension amount: at age 65, life
expectancy differs by 2.68 years between G1F and G4F and by 2.83 years between G1M
and G4M. Second, sex differences are large enough to dominate part of the pension-
income gradient: women in the lowest pension-income group have higher life expectancy
than men in the highest pension-income group at the same age. Pensioner mortality also
differs from general-population mortality, as AF and AM exceed INEF and INEM,
respectively. These patterns justify using subgroup-specific mortality rather than
aggregate population tables. Where younger-age rates are required, subgroup-to-general-
population mortality ratios are extrapolated in a controlled way to avoid implausible age
patterns, using INE general-population information as a complement.

For disability pensions, mortality is adjusted by severity level, sex and age at disability
onset, reflecting the systematically shorter life expectancies documented for disability
pensioners (Maleh & Bosley, 2024; Duran et al., 2016; Serra-Saurina et al., 2021). The
construction of these assumptions is documented in Appendix B.

In the empirical results, disability severity is reported as G1, G2 and G3, corresponding
to the main Spanish Social Security degrees of permanent incapacity: permanent total
incapacity for the usual occupation, permanent absolute incapacity for any work, and
severe incapacity requiring assistance from another person for essential activities of daily
living. These categories align the actuarial mortality adjustment with the legal structure
of disability pensions (Real Decreto Legislativo 8/2015; Seguridad Social, 2025).

Table 4: Life expectancy (in years) at several ages for selected pension income groups
(2016-2021)
Age GIF G2F G3F G4F AF INEF G4F-G1F AF-INEF

5§ 3385 35.13 3583 36.53 35.50 31.93 2.68 3.57
65 2436 2555 2624 27.04 2591 22.90 2.68 3.01
75 1548 1645 17.12  18.02 16.78 14.37 2.54 2.41
85 8.40 8.78 929 10.31 9.01 7.29 1.91 1.72
Age GIM G2M G3M G4M AM INEM G4M-GIM AM-INEM
55 2865 3034 3131 3231 30.85 27.71 3.66 3.14
65 2025 2150 2226 23.08 21.89 19.49 2.83 240
75 1298 13.66 14.12 14.68 13.90 12.29 1.70 1.61
85 7.32 7.50 7.62 7.75 7.56 6.62 0.43 0.95

Source: Own elaboration based on MCVL (2016-2021) and INE (2016-2021)
Note: GI—G4 denote pension-income groups ordered from lowest to highest pension benefit
amount; F denotes female pensioners and M denotes male pensioners. AF and AM denote
average life expectancy for female and male pensioners in the sample. INEF and INEM denote
female and male general-population life expectancy from INE. G4F-GIF and G4M-GIM
measure the within-sex longevity gradient between the highest and lowest pension-income
groups.

Survivor reversibility is valued using standardized beneficiary profiles. Male pensioners
are assumed to have spouses three years younger, and female pensioners spouses three
years older. For survivor benefits derived from disability pensions, survivor mortality is



based on general-population INE tables. These assumptions allow survivor liabilities to
be incorporated consistently across cohorts, sex and contingency groups.

As a robustness check on the biometric basis, the Supplementary Material reports
alternative valuations using INE mortality tables. These variants allow the benchmark
results based on subgroup-specific pensioner mortality and disability-specific mortality
to be compared with valuations based on general-population mortality.

2.4. Valuing NDC Capital and DB Pension Liabilities

The benchmark compares two capital measures for each individual: notional capital and
the actuarial cost of the observed DB pension entitlement. The formal equations used to
compute these measures are reported in Appendix A.

2.4.1. Notional Capital Under the NDC Counterfactual

Notional capital is obtained by crediting observed contribution bases under the
benchmark contribution rate and capitalizing them with the notional return rule described
in Section 2.3. This measure is contribution-based by construction (see Section 2.2 on the
exclusion of statutory contribution-gap imputations).

For retirement pensions, accumulated notional capital is converted into a benchmark
pension using an actuarial conversion coefficient based on the relevant annuity divisor.
For disability pensions, the same logic is applied at disability onset, but the annuity
divisor is adjusted by severity, sex and age at onset to reflect disability-specific mortality.
The benchmark therefore treats disability as a distinct actuarial contingency rather than
as ordinary retirement valued with general-population mortality. This treatment is
consistent with previous work on integrating retirement and permanent disability within
NDC pension schemes, which emphasizes that disability requires specific actuarial
treatment rather than valuation through ordinary retirement coefficients (Ventura-Marco
& Vidal-Melia, 2016).

This specification differs from the Italian NDC reference case formalized in Appendix C.
Unlike the Italian disability formula, the benchmark does not include notional
contribution credits after disability onset or any extension of the contributory record up
to statutory retirement age (Geroldi et al., 2025). At the same time, disability-specific
annuity divisors avoid the regressive valuation effects that may arise when disabled
individuals are assigned uniform conversion coefficients based on general-population
mortality (Gronchi et al., 2023).

2.4.2. Capital Cost of Spanish DB Pensions

The actuarial cost of observed Spanish DB pensions is defined as the present value of the
expected pension stream recorded in the MCVL. The valuation uses the initial monthly
pension amount and the Spanish payment structure of twelve-monthly payments plus two
additional payments. It also applies the financial and indexation assumptions described
in Section 2.3, and mortality assumptions matched to the relevant contingency and
subgroup.

This capital-cost measure is computed for retirement and disability pensions, with and
without survivor reversibility. It is then compared with NDC capital to identify the extent
to which observed DB pension promises exceed, match or fall short of this contribution-
based actuarial capital.



2.4.3. Survivor Reversibility

Survivor reversibility is valued by replacing the single-life annuity factor with a survivor-
contingent annuity factor. The central scenario applies the ordinary Spanish widowhood
percentage of 52 %, while the Supplementary Material reports an additional 70%
survivor-fraction sensitivity. The formal survivor-contingent annuity expression is
reported in Appendix A.

The empirical survivor component analysed in this paper is reversibility attached to
retirement and disability pensions. This approach makes the actuarial cost of the survivor
component directly observable instead of treating it as an implicit or average element of
the pension formula. This issue is also present in the Italian NDC reference case, where
survivor benefits are incorporated through common parameters and statutory replacement
fractions rather than through individualized survivor-contingent valuation (Caselli &
Lipsi, 2019; Gronchi et al., 2023; Appendix C).

Survivor pensions triggered by the death of active contributors are not included in the
empirical analysis because the linked contribution history of the deceased insured person
is not observed in the data.

2.5. Measuring Actuarial Imbalance: Notional-Cost Gap, MWRs and IRRs

The comparison between notional capital and DB capital cost is summarized through
three indicators: the notional-cost gap, the money’s-worth ratio (MWR) and the real
internal rate of return (IRR). Their formal definitions are reported in Appendix A.

The notional-cost gap is measured as estimated NDC capital minus the actuarial cost of
the observed DB pension. A negative gap indicates that the actuarial cost of the DB
entitlement exceeds the contribution-based capital accumulated under the benchmark,
implying actuarial gains relative to contributions. A positive gap indicates the opposite,
implying actuarial losses relative to contributions.

MWRs are widely used to assess the actuarial value of pension benefits relative to
contributions and provide a compact measure of implicit redistribution (Rose et al.,
2024b). An MWR above one indicates that expected DB benefits exceed the contribution-
based benchmark; an MWR below one indicates that the DB entitlement is less valuable
than reconstructed NDC capital.

The real IRR measures the discount rate that equalizes accumulated contributions and
expected DB pension payments. IRRs provide a return-based measure of the generosity
of the pension formula relative to contribution histories (Rose et al., 2024a). In this paper,
the IRR is computed using the same mortality, indexation and payment-frequency
assumptions as the DB capital-cost valuation.

The notional-cost gap, MWR and IRR should be interpreted as measures of actuarial
return relative to observed contributions. They do not measure pension adequacy, poverty
protection or the social desirability of redistribution. A group may receive a high actuarial
return while still receiving low pension income in absolute terms. This distinction is
particularly important when interpreting results by sex, disability status and career length.

3. Results

This section presents the main results of the DB-NDC benchmarking exercise for cohorts
between 2015 and 2023. The analysis reports NDC capital, actuarial DB capital cost, the
notional-cost gap, the money’s-worth ratio (MWR) and the real internal rate of return
(IRR). Results are disaggregated by contingency, sex, cohort and survivor scenario.
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Table 5. Summary of median actuarial indicators by contingency, sex, benchmark
scenario and survivor valuation, selected cohorts

Cohort Contingency Sex S"™iYoT  npc DB Gap MWR IRR%
scenario cost

W No 84,926 178239  -96,950 2.080  7.46

M No 173,154 197561  -49.963 1370  3.24

Retirement W NB 103,753 178239  -76,714 1.700  5.20

M NB 211,540 197,561  -18,093 1.120  1.29

W 5% 103,753 187579  -86,089 1.776  5.61

2015 M 5% 211,540 241,614  -61,949 1372  2.88
W No 66,663 267,033 -190,818 3.890 14.60

M No 118,923 276,142 -141240 2.176  8.81

Disability W NB 81441 267,033 -169,735 3.184 11.53

M NB 145287 276,142 -111,987 1.781  6.85

W 52% 81441 281,113 -183,401 3349 11.80

M 52% 145287 345,077 -185359 2276  1.57

W No 106242 184,802  -90,083 1.860  7.56

M No 166257 174,708  -33,842 1220  3.39

Retirement W NB 129,795 184,802  -70,118 1.520  5.32

M NB 203,113 174,708 753 0.995  1.36

W 52% 129,795 192,179  -78,178 1.580  5.73

2019 M 5% 203,113 212,836  -35777 1210  3.08
W No 68,143 232,489 -148,860 3.590 15.97

M No 112,642 225,655 -113,085 2.020  9.64

Disability W NB 83249 232489 -151.418 2934 1278

M NB 137,613 225655  -89.827 1.655  7.17

W 5% 83249 242506 -162,300 3.076  12.97

M 5% 137,613 273,122 -138,684 2019  8.19

W No 127414 225812 -103,573 1.710  6.57

M No 190310 203225  -50,092 1280  3.73

Retirement W NB 155,660 225812  -70265 1402  4.42

M NB 232,499 203225  -12,188 1.048  1.67

W 52% 155,660 234956  -81,011 1.466  4.79

2023 M 529% 232,499 246376  -55.844 1267 3.8
W No 78,011 267,966 -188,825 3.477 1539

M No 123,826 257,965 -131,441 2.109  9.82

Disability W NB 95304 267,966 -171,579 2.846 1223

M NB 151,276 257,965 -104,789 1.726 7.7

W 52% 95304 279.424 -184,159 2.993  12.50

M 52% 151276 309284 -159262 2.088 830

Source: Own elaboration Note: W denotes women and M denotes men. NDC and DB cost
are reported in euros. The full distributional source tables underlying these selected medians
are reported in the Supplementary Material.

It is worth highlighting that all indicators are medians of individual-level variables, so the
median gap and median MWR are not necessarily equal to the difference or ratio between
the displayed median NDC capital and DB cost. Median values are used throughout the
main tables to reduce the influence of extreme observations. The “No” scenario excludes
survivor coverage and reconstructs NDC capital using the contribution rate for retirement
and disability only. The “NB” scenario uses the broader contribution rate covering
retirement, disability and survivors, but values the DB pension as a single-life entitlement
because no eligible survivor beneficiary is assumed. The “52%” scenario uses the same
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survivor-inclusive NDC capital as “NB” but adds the survivor-contingent DB liability
using the ordinary Spanish widowhood percentage.

Three patterns organize the results summarized in Table 5. First, median DB capital costs
generally exceed reconstructed NDC capital, although the size of the gap varies sharply
by contingency, sex and benchmark scenario. The only near-exception is male retirees in
the "NB" scenario (MWR 0f 0.995 in 2019 and 0.969 in 2021, i.e. NDC capital marginally
above DB cost). Second, disability pensions show larger deviations from the benchmark
than retirement pensions across all scenarios. Third, the distinction between “NB” and
“52%" isolates the actuarial cost of survivor reversibility. Adding the survivor-contingent
annuity increases DB capital costs and widens the gap, with a stronger effect for male
pensioners under the standardized spouse-age assumptions.

3.1. Overview of Actuarial Imbalance

Table 6 complements the median results by showing the dispersion of MWRs across the
full set of cohort-specific supplementary tables. This matters because the benchmark
identifies not only average or median actuarial imbalance, but also the thickness of the
tails generated by short contribution histories, early pension entry and survivor-
contingent valuation. "Lowest cohort minimum" is the lowest minimum MWR observed
across the 2015-2023 cohort tables in each group. "Cohort median range" and "Cohort
Q3 range" report the minimum and maximum of the cohort-specific medians and third
quartiles. "Highest cohort maximum" is the largest maximum MWR observed across
cohort tables. Extreme maxima are tail observations and should not be interpreted as
population averages. Finally, the last column identifies the specific cohort year in which
this highest maximum MWR was observed.

Table 6. Distributional span of money's-worth ratios by contingency, sex and survivor
scenario, 2015-2023.

Cohort

Population Sex Scenario  Lowest Median Highest . or

Min range Q3 range Max highest
Max

Y No 0.15 1.71-2.21 2.05-3.26 29.11 2018
Retirement M No 0.10 1.18-1.40 1.44-1.84 9.86 2017
4 52% 0.13 1.47-1.90 1.74-2.81 24.93 2018
M 52% 0.10 1.18-1.42 1.42-1.85 10.03 2017
W No 0.12 3.47-4.40 5.89-8.28  313.69 2015
Disability M No 0.15 1.90-2.27 3.38-4.25 998.80 2022
4 52% 0.11 2.97-3.80 5.02-7.04  263.85 2015
M 52% 0.15 1.90-2.37 3.27-4.27  924.29 2022

Source: Own elaboration

The distributional evidence sharpens the interpretation of the median results. Retirement
pensions contain both below-benchmark cases and high-MWR tail observations. Across
cohorts, the lowest retirement MWR is close to 0.10-0.15, while the highest observed
maximum reaches 29.11 for women and 9.86 for men in the no-survivor scenario.
Disability pensions have substantially thicker upper tails. In the no-survivor scenario, the
cohort-specific median MWR ranges from 3.47 to 4.40 for women and from 1.90 to 2.27
for men, but the highest observed maxima reach 313.69 and 998.80, respectively. The
main conclusion is therefore not only that disability pensions have higher median
actuarial returns, but that they also concentrate much more extreme deviations from the
NDC benchmark.
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Across these benchmark scenarios, two substantive patterns remain stable. Retirement
pensions display more moderate deviations from the contribution-based benchmark, with
men close to actuarial equivalence in some cohorts and women recording higher MWRs
and IRRs. Disability pensions show larger gaps, reflecting shorter contribution histories,
earlier benefit onset and the specific rules governing disability protection. The following
subsections examine these patterns in turn.

3.2. Retirement versus Disability Pensions

The comparison between retirement and disability pensions first uses the “No”
benchmark reported in Table 5, which excludes survivor coverage and reconstructs NDC
capital using the contribution rate for retirement and disability only. Under this
benchmark, retirement pensions display moderate deviations from the NDC reference.
Women record median gaps of EUR -96,950 in 2015, EUR -90,083 in 2019 and EUR -
103,573 in 2023, with MWRs declining from 2.080 to 1.710. Men also show negative
gaps, but remain closer to actuarial equivalence: their median retirement gap is EUR -
49,963 in 2015, EUR -33,842 in 2019 and EUR -50,092 in 2023, with MWRs between
1.220 and 1.370 across the selected cohorts.

This pattern reflects the stronger contributory link in ordinary retirement pensions.
Retirees generally have longer observed contribution histories than disability pensioners,
so NDC capital is higher and the distance between accumulated contributions and DB
liabilities is smaller. The remaining gap reflects the interaction between DB benefit rules,
indexation and mortality differences, rather than the absence of contributivity.

Disability pensions generate substantially larger deviations under the same “No”
benchmark. In 2023, the median disability gap is EUR -188,825 for women, with an
MWR of 3.477 and a real IRR of 15.39 percent. For men, the corresponding median gap
is EUR -131,441, with an MWR of 2.109 and a real IRR of 9.82 percent. The same
ranking appears in earlier cohorts: disability gaps exceed retirement gaps for both sexes
in 2015, 2019 and 2023.

These disability gaps remain large even after applying disability-specific mortality
assumptions. Shorter expected lifetimes reduce the actuarial value of disability pension
payments relative to valuations based on general-population mortality. The persistence of
large gaps therefore indicates that they are driven mainly by lower accumulated
contributions, earlier pension entry, and the benefit rules associated with disability
protection.

The severity breakdown reported in the Supplementary Material confirms that disability
pensions are actuarially heterogeneous. In the 2023 “No” scenario, women’s MWR rises
from 3.216 in grade 1 to 4.863 in grade 2 and 5.089 in grade 3, while the corresponding
IRR increases from 14.03 percent to 22.00 percent and 27.13 percent. Among men, the
MWR rises from 2.024 in grade 1 to 2.331 in grade 2 and 4.185 in grade 3, with IRRs of
8.89 percent, 12.48 percent and 25.12 percent.

The detailed grade-specific tables in the Supplementary Material also show that the most
severe disability category is based on small subsamples in some cohorts. For example,
among women, grade-3 disability contains 10 observations in 2022 and 19 observations
in 2023; among men, the corresponding counts are 37 and 39. Extreme grade-3 MWRs
and IRRs should therefore be interpreted as distributional evidence for a small high-
severity subgroup rather than as stable point estimates for the whole disability population.

Figure 2 complements the median results by showing the distribution of real IRRs among
retirement and disability pensioners in the 2023 cohort under the “No” benchmark.
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Among men, 5.69 percent of retirees record a real IRR above 10 percent, compared with
48.72 percent of disability pensioners. Among women, the corresponding shares are 23.16
percent and 74.69 percent. Disability pensions therefore differ from retirement pensions
not only in median values, but also in the thickness of the upper tail of actuarial returns.

Figure 2: IRR Ranges Among Retirement and Disability Pensioners (2023 Cohort, No
Survivor Coverage)
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3.3. Survivor Coverage and Survivor Reversibility

Survivor reversibility enters the benchmark in two steps. The first step is on the
contribution side: when survivor coverage is included in the benchmark, estimated NDC
capital is calculated using the broader contribution rate for retirement, disability and
survivors. This is the difference between the “No” and “NB” scenarios in Table 5. The
second step is on the benefit side: among pensioners evaluated under the survivor-
inclusive contribution benchmark, the pension may be valued either as a single-life
entitlement with no eligible beneficiary (“NB”) or as a survivor-contingent entitlement
using the 52 percent widowhood percentage (“52%").

The first step increases NDC capital and therefore reduces measured actuarial imbalance,
holding the observed DB pension cost unchanged. In 2023, women’s median retirement
NDC capital rises from EUR 127,414 in the “No” scenario to EUR 155,660 in the “NB”
scenario, reducing the gap from EUR -103,573 to EUR -70,265 and the MWR from 1.710
to 1.402. For men, NDC capital rises from EUR 190,310 to EUR 232,499, narrowing the
gap from EUR -50,092 to EUR -12,188 and reducing the MWR from 1.280 to 1.048. The
same mechanism appears for disability pensions: under the survivor-inclusive
contribution benchmark without an eligible beneficiary, the 2023 MWR falls from 3.477
to 2.846 for women and from 2.109 to 1.726 for men.

The second step isolates the actuarial cost of an eligible survivor beneficiary. Comparing
“NB” with “52%”, in 2023 women’s median retirement gap widens from EUR -70,265
to EUR -81,011, and the MWR rises from 1.402 to 1.466. For men, the effect is larger:
the median retirement gap moves from EUR -12,188 to EUR -55,844, while the MWR
rises from 1.048 to 1.267. For disability pensions, the corresponding 2023 gap widens
from EUR -171,579 to EUR -184,159 for women and from EUR -104,789 to EUR -
159,262 for men.
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The stronger effect for men reflects the standardized beneficiary assumption used in the
valuation: male pensioners are assumed to have spouses three years younger, which
lengthens the expected survivor-payment period. The detailed annual results in the
Supplementary Material show that this pattern is not confined to 2023. Distinguishing
“No”, “NB” and “52%" scenarios is therefore essential: the movement from “No” to
“NB” captures the financing-side effect of survivor coverage, while the movement from
“NB” to “52%” captures the additional DB liability generated by survivor reversibility.

The Supplementary Material reports an additional 70% survivor-fraction scenario. The
qualitative pattern is unchanged: moving from the no-beneficiary case to the 52% and
70% survivor fractions increases MWRs and real IRRs, with the largest proportional
effect among male pensioners under the standardized spouse-age assumptions.

3.4. Sex Differences, Career Length and Redistributive Patterns

Sex differences remain a central feature of the results, but they should be interpreted as
actuarial patterns rather than differences in pension income. Women generally record
higher MWRs and IRRs than men because the DB formula interacts with longer female
life expectancy and, in many cases, more fragmented contribution histories. In Table 5,
women have higher retirement MWRs than men in each selected cohort and benchmark
scenario. Under the “No” benchmark, the female-male MWR difference is 0.710 points
in 2015, 0.640 points in 2019 and 0.430 points in 2023. The gap narrows over time, but
it remains visible.

The same ordering appears when survivor coverage is incorporated. In the NB scenario,
women’s retirement MWR exceeds men’s by 0.580 points in 2015, 0.525 points in 2019
and 0.354 points in 2023. Under the 52 percent survivor scenario, the corresponding
differences are 0.404, 0.370 and 0.199 points. This narrowing reflects the stronger effect
of survivor reversibility on men, as shown in Section 3.3, but it does not eliminate the
underlying sex difference in actuarial returns.

Career length provides a second redistributive dimension. Figure 3 plots IRRs against
contribution months for male and female retirees in the 2019 and 2023 cohorts under the
“No” benchmark. The relationship is negative: longer contribution careers are associated
with lower actuarial returns, while shorter or interrupted careers tend to receive higher
returns under the DB formula. This pattern is especially visible among women in the
lower contribution ranges, where low accumulated notional capital combines with benefit
rules that partly cushion incomplete careers.

The contribution-month gradient helps explain why sex differences in MWRs and IRRs
should not be interpreted solely as a mortality effect. Longer female life expectancy
increases the expected duration of pension payments, but fragmented careers and lower
accumulated contribution capital also play an important role. The benchmark captures
both mechanisms: the numerator reflects the actuarial value of the DB promise, while the
denominator reflects the contribution-based capital.

The representative-profile tables in the Supplementary Material illustrate this mechanism
at the tails of the retirement distribution. In the no-survivor scenario, the high-MWR
female retirement profile in the 2018 cohort has 103 contribution months, notional capital
of EUR 4,721 and a monthly pension of EUR 466.98, producing an MWR of 29.11. The
corresponding high-MWR male profile in the 2017 cohort has 132 contribution months,
notional capital of EUR 12,274 and a monthly pension of EUR 484.65, producing an
MWR of 9.86. These are not typical observations, but they show why the upper tail is

15



driven primarily by very low reconstructed notional capital rather than by unusually high
monthly pensions.

Figure 3: Contribution Months and IRR: Men vs. Women, 2019 and 2023 Retirement
Cohorts (No Survivor Benefits)
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A related pattern appears within disability pensions. Figure 4 reports MWRs by age at
disability claim for men and women in the 2019 and 2023 cohorts. Earlier disability onset
is associated with higher MWRs because accumulated contributions are lower while the
expected benefit stream begins earlier. This age-at-onset gradient complements the
severity results reported in the Supplementary Material, showing that actuarial returns
vary by severity, sex and timing of entry into disability.

The result is not a claim that disability benefits are excessive in a social-protection sense.
It indicates that disability pensions concentrate a large part of the actuarial return
measured relative to observed contribution histories.

Figure 4: MWR by Age at Disability Claim: Sex and Cohort Analysis (2019 & 2023)
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3.5. Time Trends across Cohorts

Across cohorts, the benchmark points to persistence rather than convergence to actuarial
equivalence. Under the “No” benchmark, women’s median retirement MWR declines
from 2.080in 2015 to 1.860 in 2019 and 1.710 in 2023, while men’s MWR remains lower,
moving from 1.370 to 1.220 and then to 1.280. This suggests some moderation in
women’s actuarial return relative to the benchmark, but not the disappearance of the gap
between DB liabilities and NDC capital.

For disability pensions, the selected cohorts show larger and more persistent deviations.
Under the “No” benchmark, women'’s disability MWR moves from 3.890 in 2015 to 3.590
in 2019 and 3.477 in 2023. Men’s corresponding MWR moves from 2.176 to 2.020 and
then to 2.109. Although these values fluctuate across cohorts, they remain well above the
retirement benchmarks. The central time trend is therefore not a smooth convergence
toward actuarial equivalence, but the continued separation between retirement and
disability pensions in their distance from the NDC benchmark.

The survivor-related scenarios show a stable qualitative pattern across all cohorts,
consistent with the two-step mechanism described in Section 3.3.

Taken together, the cohort evidence shows that the main results are not driven by a single
year. Retirement pensions remain closer to the NDC benchmark than disability pensions,
sex differences persist across cohorts, and survivor-related assumptions affect the
diagnosis through distinct contribution-side and liability-side channels.

4. Discussion
4.1. Sustainability, Redistribution and the Limits of Retirement-Only Assessment

The results show that Spain’s DB pension promises are generally more costly than the
contribution-based capital reconstructed under the NDC benchmark, but they also show
that this imbalance is not a single object. Its size depends on the contingency considered,
the mortality assumptions used, the contribution-rate benchmark and the treatment of
survivor rights. The contribution of the benchmark is therefore not simply to show that
DB costs exceed NDC capital, but to decompose the sources of that difference.

This decomposition matters for sustainability analysis. A retirement-only assessment
would detect actuarial imbalance, especially among women and workers with shorter
contribution histories, but it would miss two central components of the pension promise.
First, disability pensions create larger deviations from the benchmark even after applying
disability-specific mortality assumptions, and these deviations vary markedly by severity.
Disability therefore cannot be treated as a homogeneous or residual contingency when
assessing DB liabilities. Second, survivor coverage and survivor reversibility affect the
benchmark through distinct channels. The transition from the “No” to the “NB” scenario
increases notional capital by using the survivor-inclusive contribution rate, while the
move from “NB” to “52%” increases DB liabilities by adding the survivor-contingent
annuity.

This distinction also prevents a misallocation of contribution-based capital. Treating all
contributions as if they financed only ordinary retirement would overstate the retirement-
only notional capital and blur the financing role of survivor coverage. Conversely, valuing
survivor rights only as an additional DB liability without identifying the corresponding
contribution benchmark would mix financing-side and liability-side effects.

The persistence of these gaps also helps explain why parametric reforms may have limited
effects on actuarial balance when they focus mainly on retirement rules. The reforms
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summarized in the Introduction affect important margins of old-age pension design, but
the results for 2015-2023 suggest that disability pensions, survivor rights and subgroup-
specific mortality remain central to the valuation of pension liabilities.

From a distributional perspective, high MWRs and IRRs among women, short-career
workers and pensioners with disabilities indicate that the DB system redistributes toward
groups with lower accumulated contributions, longer expected benefit duration, or both.
These indicators measure relative generosity with respect to contributions rather than
pension adequacy, and therefore do not imply higher retirement income. Women
systematically exhibit higher actuarial returns than men, despite often receiving lower
pensions due to shorter and more fragmented careers, lower average earnings and a higher
incidence of part-time employment. The point is not that these transfers lack a social
rationale. Disability protection, survivor benefits and the partial compensation of
fragmented careers are legitimate objectives of a public pension system. Rather, the
benchmark shows that these objectives are financed and delivered through mechanisms
whose actuarial cost and distributional incidence are only partly visible.

The Italian NDC case, formalized in Appendix C, illustrates why this issue is not specific
to Spain. Italy links old-age benefits to capitalized lifetime contributions and uses age-
specific transformation coefficients, but disability and survivor benefits still require
additional design choices. Belloni and Maccheroni (2013) discuss actuarial fairness in the
Italian setting when longevity increases. Gronchi et al. (2023) show that NDC
implementation becomes more complex once longevity heterogeneity, transformation
coefficients and non-retirement contingencies are considered together. For survivor
benefits, Caselli and Lipsi (2019) emphasize how heterogeneous longevity can generate
redistribution that is not captured by uniform conversion rules. These studies support the
interpretation adopted here: NDC principles are useful as a transparency benchmark, but
disability and survivor benefits cannot be treated as simple extensions of old-age pension
formulas.

The macroeconomic context reinforces the relevance of this decomposition. Spain’s long-
term real GDP growth has weakened substantially over time. As shown in Figure 1, the
geometric average of real GDP growth declined from 7.75 percent in the 1960s to 1.04
percent in the 2010s, with only a modest recovery to 1.12 percent in the first half of the
2020s. This slowdown reduces the capacity of a PAYG system to finance pension
promises through wage-base expansion. Because the benchmark uses GDP-linked
notional returns, slower growth is reflected directly in contribution-based capital. The
same environment increases the importance of identifying which parts of DB liabilities
are driven by contributory accrual, which by longevity and which by redistributive design.

4.2. Policy Implications

The results point to three policy implications. First, actuarial monitoring should integrate
all major contributory contingencies. Pension oversight frameworks should value
retirement pensions, disability pensions and survivor benefits within a unified structure.
Treating retirement in isolation obscures actuarial links between contingencies and can
lead to incomplete measurement of DB liabilities. It may also weaken reform diagnosis,
because measures aimed only at retirement age, accrual rates or indexation do not show
how liabilities are distributed across disability, survivor-contingent rights and ordinary
retirement pensions.

Second, the financing of contributory entitlements and redistributive objectives should be
made more transparent. Redistribution aimed at minimum income protection, care-related
career gaps, disability protection or survivor protection may be socially desirable.
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However, when these objectives are embedded inside contribution-based formulas, their
cost and incidence become harder to evaluate. A clearer separation between contribution-
based entitlements, insurance components and redistributive instruments would allow
policymakers to preserve social adequacy while improving fiscal transparency.

Third, NDC principles can be used as a monitoring benchmark without implying a direct
reform prescription. Bravo et al. (2023) show how retirement-age indexation can be
linked to actuarial fairness when longevity increases. Hernzaes et al. (2024) demonstrate,
in the Norwegian case, that pension reform design can affect employment, retirement and
disability insurance claims simultaneously. The Swedish Pensions Agency (TSPS, 2023)
documents how transparent accounting and automatic adjustment rules can support the
credibility of an NDC system. These experiences are useful for Spain not because they
provide a ready-made model, but because they show the value of explicit accounting for
demographic, economic and contingency-specific risks.

The policy message is therefore not to replace Spain’s DB system with a pure NDC
scheme. It is to use NDC logic as a discipline for measuring where liabilities arise, where
redistribution is concentrated and which parts of the pension promise should be financed
transparently. Such an approach is compatible with targeted redistribution, provided that
its objectives, costs and beneficiaries are made explicit.

4.3. Data Limitations and Scope of Analysis

The empirical scope of the analysis is shaped by the structure of the MCVL and by the
need to preserve a strict observed-contribution interpretation of the NDC benchmark. The
comparison is therefore restricted to records for which contribution histories can be
approached with sufficient consistency. As discussed in Section 2.2, statutory
contribution-gap imputations are excluded because they are legal devices for computing
the regulatory base rather than contributions actually paid into the system.

A second boundary concerns survivor pensions. The analysis values survivor reversibility
generated by the death of retirement and disability pensioners, but it does not include
survivor pensions triggered by the death of active contributors. The MCVL does not
provide the linked contribution history of the deceased insured person needed to
reconstruct the corresponding notional capital. In addition, the valuation of reversibility
relies on standardized beneficiary profiles because the actual age and sex of surviving
spouses are not observed.

Finally, the valuation uses disaggregated mortality assumptions derived from recent
observed mortality evidence, updated as new data become available, rather than explicit
projections of future longevity improvements. This is consistent with the accounting
principle of relying on verifiable facts and transactions at the date of valuation and with
NDC practice in Sweden, where annuity divisors are based on recent official life-
expectancy statistics (TSPS, 2023). Retirement pensions and survivor reversibility are
valued using mortality tables differentiated by sex and pension-income group, while
disability pensions incorporate adjustments by severity level and age at disability onset.
The estimates should therefore be interpreted as conditional on the observed mortality
basis and standardized survivor profiles used in the benchmark.

These limitations define the empirical perimeter of the exercise. They do not invalidate
the comparison, but they indicate that the estimates should be interpreted as conditional
on data availability, observed contribution histories, standardized survivor assumptions
and mortality tables without explicit future longevity improvements.
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A further interpretive boundary is that the main indicators are medians of individual-level
variables. They identify the incidence and direction of actuarial imbalance across groups
rather than aggregate pension liabilities. The full distributional evidence, including
means, quartiles and extreme values, is reported in the Supplementary Material.

5. Conclusions and future research

This paper has used an actuarially grounded NDC counterfactual to benchmark Spain’s
DB pension system using MCVL administrative microdata for 2015-2023. The exercise
reconstructs individual notional capital from observed contribution histories and
compares it with the actuarial cost of observed DB pension entitlements. Its purpose is
diagnostic: NDC logic is used as a contribution-based reference for decomposing pension
liabilities and implicit redistribution.

The results show that DB pension liabilities generally exceed NDC capital, but the size
and interpretation of this deviation depend on the contingency and benchmark scenario
considered. The general dominance of DB costs holds across contingencies and sexes,
with the qualified exception of male retirees under the survivor-inclusive benchmark, who
sit at or near actuarial equivalence. Retirement pensions display relevant but more
moderate gaps, especially for men, whereas disability pensions generate much larger
deviations even after applying disability-specific mortality assumptions. Within disability
pensions, severity grades further shape MWRs and IRRs, confirming that disability
should not be treated as a homogeneous contingency in pension valuation.

Survivor-related effects also need to be decomposed. Incorporating survivor coverage
into the contribution benchmark increases NDC capital, while assigning an eligible
survivor beneficiary increases the DB capital cost through the survivor-contingent
annuity. Distinguishing these two steps clarifies why survivor rights affect the benchmark
both through the contribution side and through the liability side. The liability effect is
particularly visible for male pensioners under the standardized spouse-age assumptions.

The distributional patterns are uneven. Women, short-career workers and disability
pension recipients tend to record higher MWRs and IRRs relative to observed
contributions. The benchmark shows where implicit transfers arise, but it does not by
itself determine whether those transfers are socially sufficient, excessive or optimally
targeted.

The Italian NDC reference case reinforces this interpretation by showing that even
systems based on notional accounts and transformation coefficients require explicit
treatment of disability benefits, survivor pensions and heterogeneous mortality.

Overall, the paper shows that retirement-only monitoring gives an incomplete view of
Spain’s DB pension promises. The value of the NDC benchmark lies in separating
contribution-based capital, disability-related pension costs, survivor coverage, survivor-
contingent liabilities and redistributive objectives. This separation does not resolve the
policy trade-off between actuarial neutrality and social adequacy, but it makes that trade-
off more explicit.

Future research could extend the framework to survivor pensions triggered by the death
of active contributors, incorporate richer household-level information on actual
beneficiaries and introduce explicit longevity-improvement projections. These extensions
would refine the measurement of contingent liabilities and household-level redistribution.
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Appendix A: Formal Valuation Framework

This appendix reports the formal equations used to reconstruct the NDC benchmark,
value observed Spanish DB pension entitlements, incorporate survivor reversibility and
compute the actuarial indicators used in the empirical analysis.

A.1. NDC Retirement Pension

The initial retirement benefit for an individual who retires at the ordinary retirement age
(xo + A=r1) at time b after contributing since entering the labor market (x,), is
calculated as follows:

R
Péwy = K nzasn  Torb) (AD)

Where: K(}:",b,mh) is the accumulated notional capital at retirement, calculated by

capitalizing each monthly contribution based on the accredited contribution rate 0( oty
12

individual contribution base y( ), and monthly-equivalent GDP growth rates

N N
Xe +E’b—A+E

Gdppm)- Specifically:

A12 A12
R _ _ _ S 1/12
K(T,b.mh) - Z y(xe+1s—2,b—A+1S—2) 9(x2+1s—2) 1_[ (1 + deh(m)) (A2)
s=1 m=s+1

1 . . . . . .
T(Tr,b) =5 Is the conversion coefficient transforming accumulated capital into a
(.b)

lifetime annuity. The annuity divisor &, ,y incorporates gender- and contingency-specific
mortality tables.

A.2. NDC Disability Pension

For an individual who develops a disability at age (x, + K = d) at time b after
contributing since x,, the equivalent disability pension is computed as:

D _ D k
Papy = Kapgapy " Tabn (A3)
Where: K(lZz,b,GTph) is the accumulated notional capital at the onset of the disability.

k 1 . . oy . . . .
Teap) = % is the disability-pension—specific conversion coefficient.

S(kd,b) (the disability annuity divisor) explicitly accounts for disability severity and hence
lower life expectancy relative to the general population.

As noted in Section 2.4.1, this specification differs from the Italian disability formula in
that it credits no fictitious contributions after onset and uses disability-specific divisors.

A.3. Capital Cost of Spanish DB Pensions

The actuarial capital cost of a Spanish DB pension is the present value of the expected
pension stream recorded in the MCVL. For a pension with 14 annual payments' (twelve
monthly payments plus two additional payments) the capital cost is calculated as:

' When benefits result from a work-related injury or an occupational disease, they are distributed in 12
payments, as the additional payments are prorated into the regular monthly payments.
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C cg:‘g,)i) is the capital cost for an individual aged x, of gender g with contingency j

(disability or retirement) to be provisioned in year b.

psUi9)

(xb) is the initial monthly pension amount, according to MCVL records for year b.

6“{52?17,1' ) is the present value of a unitary life annuity for a person aged x, of gender g,

commencing in year b, paid m times per year (m=12 for monthly; m=2 for the two extra
payments), growing annually at rate &, and assessed with a mortality table aligned to the
individual’s characteristics plus a discount factor with technical rate of interest i.

A.4. Survivor Reversibility

For pensions with survivor benefits, the contingent survivor annuity’s simplified
calculation is:

5 J.9 _ 8_J.9 (8. .9* _ 8.9

Arypion) = Fapim) T Yw (A0 imy) = " Uy b iamy)) (AS)
Where y,, is the proportion of the benefit transferred to surviving partner upon death of
primary beneficiary; 5agj';q; i(m)) is the present value of the annuity for the surviving

partner individually, and ‘Sa{’ is the present value of an annuity payable only

g
xy,b,i(m))
while both partners remain alive.

A.5. Actuarial Indicators

The notional-cost gap is defined as NDC capital minus the actuarial cost of the observed
DB pension:

4.8 _ 1£G.8) _ 08
AK (50 = Kixegapn) ~ St (A6)

The money’s-worth ratio is defined as the ratio between DB capital cost and reconstructed
NDC capital:

ccd9),

Ug) — -t A7

MWRGY = —55 (A7)
(x,t,Gdpp)

The real internal rate of return is defined as the discount rate that equalizes accumulated
NDC capital with the present value of expected DB pension payments:

U9 _pUD |(6,)9 (8.9 AS
Kitcan = PScep) ( a(x.b,irr(lz)))+( a(x,b,irr(z)))] (A%)

Where K((i:;fg,éTph)iS the accumulated notional capital indexed by average nominal GDP
J.9

growth; Psgf)) is the initial monthly DB pension, and Sa(x‘b’irr(m))is the present value of
a unitary life annuity paid m times per year, growing annually at rate §, discounted at IRR,
and adjusted for mortality specific to individual demographics and pension contingency.
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Appendix B: Disability-Specific Mortality Assumptions

Individuals with disabilities experience higher mortality than the general population, with
life expectancy varying according to disability cause, severity and permanence (Pitacco,
2019). Actuarial research has emphasized the need to adjust mortality assumptions for
individuals with disabilities when valuing social security benefits (Maleh & Bosley,
2024).

Following Hall and Daly (2016), we incorporate an extra-mortality component into
standard mortality tables. The adjustment allows excess mortality to be highest at
disability onset and to decline gradually with duration, reflecting the reverse-selection
pattern commonly observed among ill-health and disability pensioners.

For an individual with a disability, the mortality risk is adjusted to account for the severity
of disability and the duration since disability onset. We introduce the following notation:

qx¢: The observed mortality rate at age x during period t for the general population.
to : The calendar year when disability occurs.

xo: The age at which the individual develops a disability.

z = t —t, The duration (in years) since disability inception.

k € {1,2,3}: The disability severity grade, where k = 1 represents the least severe and
k = 3 the most severe case.

The adjusted one-year mortality probability is defined as:

k,
Qre” (0) = Mieg (¢ = t0) Gt (B1)
where the mortality multiplier is given by:
M(jeg)(t — to) = 1+ (A(k, g) — 1) - e~ 0ea(t=50) (B2)

Here, A(k, g) represents the initial excess-mortality factor associated with disability
severity grade k and gender g, while §(k, g) > 0 governs the speed at which the excess-
mortality component declines with duration since disability onset.

For Spain, A(k,g) and &(k,g) are calibrated to reflect the persistent mortality
disadvantage documented among individuals with disabilities (Duran et al., 2016; Serra-
Saurina et al., 2021). The initial factor is set above unity and increases with severity, while
the decay parameter is chosen to produce a gradual reduction in excess mortality over
time. The parameter values used in the valuation are reported in Table B1.

Table B1: Excess mortality factors and decay rates by gender for Spain

Severity grade (k) Ak, 9) é6(k,9)
Males Females Males Females
1 (Total) 1.5 1.4 0.04 0.05
2 (Absolute) 2.2 1.9 0.03 0.04
3 (Great Invalidity) 3 2.6 0.02 0.03

Note: A(k, g) represents the relative increase in mortality at disability onset. 5(k, g)
governs the speed at which excess mortality decreases over time.

The adjusted mortality probabilities are then used to construct disability-specific survival
profiles and corresponding life expectancy estimates. Table B2 reports the resulting life
expectancy estimates for individuals with disabilities, differentiated by severity level £,
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age at disability onset xo, gender and attained age. These estimates are compared with
general Spanish population life expectancy, denoted by INEF for females and INEM for
males.

The values in Table B2 show three relevant actuarial patterns. First, life expectancy
declines systematically with disability severity: for a given sex, onset age and attained
age, grade 3 always produces the lowest remaining lifetime. Second, the age at which
disability occurs affects the resulting survival profile, so disability mortality cannot be
represented only by attained age. Third, the mortality penalty is especially visible among
males and among individuals classified in the most severe disability category. These
differences are material for pension valuation because they directly determine the
expected duration of disability benefit payments and, therefore, the comparison between
DB pension liabilities and the NDC counterfactual.

Table B2: Life expectancy for individuals with disabilities, degree of severity (k) and the age at
which the individual develops a disability (x,) (2016-2021)

Xo 35 45 55
k 1 2 3 1 2 3 1 2 3
Age FEMALES INEF
35 5118 50.11  48.03 51.73
45 4148 4050 38.54 41.18 39.83  37.53 41.96

55 32.11  31.26 2951 3186 30.70 28.64 3147 2991 27.57 32.49
65 23.17 22,51 21.05 2299 2207 2036 2271 2146 19.51 23.46

Age MALES INEM
35 4521 4273  39.24 46.48
45 3570  33.40 2997 3517 3238  29.00 36.84

55 2677 2477 21.70 2634 2391 2086 26.17 23.61 20.57 27.71
65 18.82 17.27 1477 1850 16.62 14.13 18.05 1639 1391 19.49

Source: Own elaboration

Until recently, the PEIB2014 tables were the main reference for disability mortality in
Spain, but their applicability to pension valuation is limited. They do not differentiate by
disability onset age or gender and rely partly on outdated or foreign mortality sources
(DGSFP, 2016). More recent Social Security mortality tables by benefit type represent
progress, but still fail to fully capture the relevant heterogeneity (Seguridad Social, 2025).
For this reason, we construct tailored mortality tables that incorporate disability onset
age, gender, severity level and updated survival patterns, allowing a more precise
valuation of disability-pension obligations within the DB-NDC benchmarking
framework.

Appendix C: The Italian NDC Reference Case

This appendix summarizes the Italian NDC framework used in the paper as an
institutional reference case. The objective is not to replicate the Italian system, but to
show how disability and survivor benefits require additional actuarial and legal design
choices even within a contribution-based NDC architecture.

To remain consistent with Appendix A, notional capital is expressed at monthly
frequency. Let x, denote the age of entry into the labour market, z the age at which the
relevant contingency occurs, and b the year in which the benefit is awarded. For z = r,
the contingency is old-age retirement; for z = d, it is disability onset.
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where N, is the number of monthly contribution records accumulated up to the relevant
event, y'T is the monthly contribution base, 8'T is the credited contribution rate and
Gc_ip{lT(m) is the Italian notional revaluation rate applied to month m, expressed as a
monthly-equivalent rate. In the Italian contributory system, this rate is linked to the
compound average growth rate of nominal GDP over the preceding five years, as
established under Article 1, paragraph 9, of Law No. 335/1995 (Ministero del Lavoro e
delle Politiche Sociali, 2025).

C.1. Old-age pension under the Italian NDC rule

The annual old-age pension is obtained by multiplying accumulated notional capital by
the transformation coefficient corresponding to the age at pension commencement:

pITR _ pITR _ L TIT
Forb) = (rbGdpil) (D) (€2)

where T(r by = =1/ 6(7, by Italian transformation coefficients are age-specific and embed

both the expected value of the contributor’s own pension and a survivor-related
component. For the purposes of this paper, the relevant point is that survivor entitlements
are incorporated into common transformation parameters rather than valued through an
individualized survivor-contingent annuity factor.

This differs from the benchmark developed in the main text, where survivor reversibility
is valued explicitly by comparing single-life and survivor-contingent DB liabilities.

C.2. Disability pension under the Italian NDC rule

The Italian disability scheme is relevant because benefits are integrated within the NDC
architecture but are not based on a strictly contribution-based rule. For an individual who
becomes disabled at age d in year b, the disability pension may be represented as:

ITD _ | IT,D IT,D
P(d,b) = K(db ca IT)+B(d b) - Temax(a,57),6) (C3)
where K" ( d b G deT)IS obtained from equation (C1) up to disability onset, B( d b)IS the

conventional contributory bonus credited because of disability, and T(max(d,57),b)15 the

transformation coefficient applied to the benefit. When the pension is awarded before age
57, the transformation coefficient corresponding to age 57 is applied (INPS, 2025a).

The conventional bonus can be summarized as:

IT,D

Bigpy = 12 L@ Yiapy 0" (C4)

where yéfi,b) is the adjusted average monthly contribution base over the five years

preceding disability onset and L) is the additional credited contribution period, subject
to the statutory maximum contributory ceiling.
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This is the key difference with the benchmark used in this paper. In the Italian formula,
disability pension wealth may be increased by a conventional contributory bonus. In our
counterfactual, notional capital is estimated only from observed contribution records.
Moreover, the Italian transformation coefficient is not differentiated by disability severity
or disability-specific mortality, whereas our benchmark uses disability-specific annuity
divisors reflecting severity, sex and age at disability onset.

C.3. Survivor pensions in the Italian reference case

Italian survivor pensions are calculated as a percentage of the pension already awarded,
or of the pension that would have been awarded, to the deceased insured person:

ITs IT,j
Pihby = % Py’ (C5)

where Pg}Tl:Z)is the survivor pension paid to household type h, P(le)’j

deceased insured person or pensioner under contingency j, and ayis the statutory
survivor-benefit fraction.

is the pension of the

In the cases most relevant for the comparison, Italian rules assign 60 percent to a surviving
spouse alone, 80 percent to a surviving spouse with one child, and 100 percent to a
surviving spouse with two or more children (INPS, 2025b). This confirms the broader
point made in the paper: even in an NDC framework, survivor entitlements are not
mechanically determined by individual notional capital alone, but require explicit legal
and actuarial choices.

30



