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Abstract

This paper documents how the BB-Future WP6 general-equilibrium overlapping generations
(OLG) model of the EU5 (Germany, France, Italy, Poland, and Sweden) is validated against the
SHARE data and other macroeconomic aggregates. We distinguish two layers. First, the household
health, cost, and care profiles that drive the model are estimated directly from SHARE by weighted
least squares, based on age, predetermined health type, and cross-country variation in care insti-
tutions. Second, the deep parameters (the discount factor, the consumption-preference parameter,
and the retirement adjustment) together with the country health-system cost shifters are calibrated
to macroeconomic and public-finance moments. The calibrated 2023 economy matches all targeted
moments across the five countries and reproduces a set of non-targeted moments — statutory con-
tribution wedges, pension benefit ratios, the statutory early/late pension adjustment, and the real
interest rate — that were not directly used in calibration, providing external validation of the fit.
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1 Introduction

Work Package 6 of the BB-Future project builds a general-equilibrium overlapping-generations (OLG)
model for the five SHARE countries (Germany, France, Italy, Poland, and Sweden), in which house-
holds make consumption/saving, labour/leisure, and retirement decisions while facing age- and
health-dependent out-of-pocket health and long-term-care costs and an informal-care obligation to-
ward their ageing parents. This paper documents how that model is estimated and calibrated: which
of its objects are estimated directly from the SHARE data, which of its parameters are set externally
or calibrated to aggregate targets, and how well the calibrated model reproduces both the empirical
moments it is fitted to, and a range of moments it is not. The model’s empirical content enters through
four household profiles indexed by a single SHARE-based health-deficiency index, x: the health tra-
jectory itself, general-health and LTC costs, and informal-care hours. Each is estimated directly from
SHARE — the health profile from the deficiency index by age and predetermined health type, the cost
profiles from out-of-pocket spending across age x health-type cells, and the care profile from caregiv-
ing hours in SHARE Wave 9. The remaining parameters fall into two groups: those set externally from
the literature or administrative data, and those calibrated internally so that the model reproduces a
small set of country-level macroeconomic and public-finance moments.

We assess the fit at two levels. At the household level the estimated profiles reproduce the SHARE
data closely (Section 3): the health profile is smooth and monotone and its scenario shifts recover the
morbidity projections; the cost profiles trace a hump-shaped general-health gradient and a convex LTC
gradient with high explanatory power; and informal-care hours rise linearly in parental health need.
At the aggregate level (Section 5) the calibrated 2023 steady state matches every targeted moment —
hours, effective retirement age, and the public health, LTC and pension spending shares — across all
five countries simultaneously, together with the capital-output ratio. It also reproduces several objects
that were never targeted, including the total statutory labour-tax wedge, the pension benefit ratios,
the legislated actuarial pension adjustments, and a standard real interest rate, which serve as out-of-
sample validation.

We are explicit about one limitation: The SHARE-estimated profiles are genuine regressions, but
the household behavioural parameters are calibrated to aggregate moments rather than instrumental-
variables-estimated at the individual level. This is the standard approach for a quantitative OLG model
and is intended as the macro complement to the micro-econometric estimation led elsewhere in the
project, not a replacement for it.

The remainder of the paper is organised as follows: Section 2 briefly describes the OLG model struc-
ture. Section 3 describes the construction of the health-deficiency profiles and the estimation of the
out-of-pocket health and LTC cost profiles and the informal-care provision profile using SHARE. Sec-
tion 4 describes the other parameter choices for the model, both externally set and internally calibrated.
Finally, Section 5 reports the calibration results.



2 OLG Model Framework

This section briefly introduces the model framework to give a better understanding of what is es-
timated directly from SHARE and then enters the model. Households in the OLG macro model
environment try to maximise expected lifetime utility by making optimal decisions every period. In
each period, households face two constraints:

Time constraint. Households face a time endowment normalised to 1. This endowment is allocated
between market labour #; ;, leisure /;; and informal care provision h]lf

St f(Xjva) i Xjra, 2 X

0 otherwise

1=hj;+ h]l(tj + £, where h]l(tj = (1)

Here, informal care h]I-C is modelled as an exogenous time constraint. We assume that a working-age
household provides care only when the parent (who is d years older) crosses the need threshold %,

in an amount f () that rises with the parent’s deficiency, scaled by the probability S” that the parent

hIC

is still alive. It is a “time-tax” that crowds out work or leisure, and f(-) is exactly the profile

estimated below. The same threshold y also triggers long-term care in the budget constraint.

Budget constraint. In addition to the time constraint, households also face the following budget

constraint,

cipt(1+8)aji11 = +re)aj+yj— M; qwi, )

yis = (1—1})-h]-,t-e]-~wt+17m~h]1§-wt ifj<]r (3)
it = o

penj; +n'c - h]I(t: - Wi ifj>Jr

where 4; and y; ; denote the household’s asset holding and household’s disposable income respectively.
7 = 7/ + 1" + 7/7C which denotes the total contribution rate of the social security system that
combines public pension, health and LTC system. The required out-of-pocket health and long-term
care needs (in physical efficiency units) faced by households is denoted as M;; and is given by,

Mj,t — (1 _ WGH) .ejGH 4 (1 _ 17LTC) .e],LTC (4)

where we assume the government covers 7% and #7C fractions of the medical expenses from the

public health and LTC insurances. e%H and e].LTC denote the general health and LTC expenses respec-

]
tively, and both are functions of the agent’s health deficiencies.! We decompose each into a common

cost curve in the health-deficiency index and a country-specific cost-intensity shifter (so that costs are
country-specific),

GH GH xGH LTC LTC  =LTC
€e =S¢ - ¢ (Xj)’ e T8 - ¢ (X]')/

where the shifters sGH, sLTC scale the cost of the formal health and LTC response.

!General health expenses represent costs associated with preventive healthcare services or regular check-ups. We assume
that the general health expenses are incurred from the early stages. On the other hand, ¢'TC are incurred only when the health
deficiency surpasses an exogenous threshold x. We assume yx; does not reach ¥ before retirement by construction.



3 Estimation

3.1 Construction of Health-deficiency profiles, x

The central health state in the BB-Future OLG model is the health-deficiency profile x(j, x,¢c t), con-
structed for age j, type x, country ¢, and calendar year t. The index x € [0,1] is the SHARE health-
deficiency index (the share of ~44 health deficits an individual exhibits). It drives the general-health
expenditure e¢, the LTC expenditure ¢'TC, and the informal-care obligation 4C, all increasing in yx.
The profile is built in two stages. Stage 1 estimates a smooth baseline x profile for each country as a
logistic in age,
1-— bo
1+ exp(—(by (x) + by age))’

x(age) = bo + ®)

with floor by (common across types), age slope b, (common across types within a country), and a type-
specific horizontal shift by (x) that sets the level. Only the Excellent (b{*°) and Poor (bllooor) profiles are
estimated from SHARE; the Medium profile is their intercept-average, b = 1(b$*¢ + b°”"). These
three logistics are the 2023 initial steady-state profiles. Table 1 reports the fitted logistic parameters
(bo, by, bp) of the baseline x profile, by country.

Table 1: Health-deficiency profile parameters (by, by, by), by country

DE FR IT PL SE  EU5avg.
Baseline level by 0086 0086 008 008  0.086 0.086
Shift, poor health o 5977 7236  -8573 7278  -9.298 -7.311

Shift, medium health b{“ed -6.953 -8211 -9.548  -8254 -10.273 -8.287
Shift, excellent health b€ <7928 9187 -10.524 -9.230 -11.249 -9.262
Acceleration by 0.063 0.077 0.097 0.085 0.097 0.081

Note. Estimated on the SHARE-based health deficiency index of Borsch-Supan et al. (2021).

Stage 2 moves that profile forward to 2070 for each scenario by a horizontal shift along the age
axis, where the size of the shift is read directly from the morbidity projections that were internally
provided. The scenarios are defined as shifts relative to life expectancy at 65: Neutral postpones the
whole profile by the LE¢; gain (so morbidity falls in step with longevity), Compression by twice that
gain, and Expand not at all. Since a horizontal shift of a logistic is simply a shift of its intercept —
X(age — ) is again a logistic with intercept b; — b, § — applying the morbidity shift directly to the
baseline logistic keeps each profile smooth and monotone by construction. For each country, scenario
o and year ¢ the shift ¢ is the value that best aligns the population-weighted disability share onto 2023
over the reliable window (ages 70-95),

-~

95 2
bs(c,t) =argmin ) [mg(age, t) — mop3(age — d)} ) (6)
420 age=70

and is then taken net of its own Expand counterpart, d,(c, ) = Sg(c, ) — 3Expand(c, t), which strips out
a small spurious drift coming from the changing male/female composition. The shift is common to
all health types and moves each 2023 logistic intercept by b, - §;; Medium is reformed as the intercept-
average each year, ages 20-59 follow the same logistic (no morbidity data available below 60), and the
profile is forward-filled beyond 2070.



Validation across all five countries. The shift estimated from the disability data via (6) reproduces
the scenario definitions almost exactly: Expand = 0 and Compression = 2 x Neutral for every country,
with the Neutral shift tracking the LEg5 gain.

Country  ALEgs (2070) 5 Neutral & Compression 5 Expand

DE 4.69 5.09 10.19 0.00
FR 3.82 424 8.47 0.00
IT 3.89 4.52 9.03 0.00
PL 5.63 6.48 12.88 0.00
SE 4.09 4.50 8.99 0.00

Table 2: Horizontal shift (years, 2023—2070) estimated from the disability-share data. Expand is
exactly zero; Compression is exactly twice Neutral; Neutral tracks the LE¢s5 gain. (The small excess of
0 Neutral over ALEgs is the composition drift removed by netting against the Expand counterpart.)

After the composition correction, the resulting 2023—2070 change in x for Germany (Medium type)
is —11.5% under Neutral, —22% under Compression and exactly 0% under Expand; every profile is

strictly monotone in age.

Interpretation of the scenarios. Under Neutral, age-specific morbidity falls in step with rising longevity
(the “dynamic equilibrium” case): the Neutral baseline already embeds continued health improve-
ment, not constant health. Compression encodes faster improvement. Expand holds the age-specific
profile constant.

A useful consequence of the construction: because Expand freezes yx at its 2023 age-profile (the shift

is exactly zero), the Expand simulation isolates the pure demographic-aging effect. The model com-
bines two time-varying forces — the shifting population/survival structure and the shifting x profile —
and Expand switches the second off. The care-wave pressure beyond pure aging is therefore measured

by Neutral or Compression relative to Expand.

3.2 Estimation of the Health- and LTC-Cost Profiles, ¢“! and e-T€

We use the imputed OOP variables from the gv_imputations module of SHARE release 9.0.0, waves
1,2,5,6 and 7. Wave 3 (SHARELIFE) is retrospective and carries no current OOP, and wave 4 contains
no OOP module. The data form a person X wave X imputation panel. SHARE records six OOP
components, whose variable names change across waves: inpatient/hospital care; outpatient care (the
sum of doctor and dentist spending from wave 5 onward); prescription drugs; nursing-home and
home care; voluntary health-insurance premiums (wave 1 only); and aids, appliances and therapies
(waves 6-7). We map these onto the model’s two cost objects as

e“ « inpatient + outpatient + drugs + aids/therapies, etTC < nursing-home 4 home care,

excluding voluntary-insurance premiums, which are not a care cost.

Estimation and results A household bears the uncovered fraction of each medical cost, M = (1 —
7GH)eCH 1+ (1 — ytTC)elTC, 5o total cost is recovered from observed OOP as e = OOP/(1 — 7.) us-
ing the country coverage rates below, and expressed as a share of the country’s average gross an-
nual wage—the model’s efficiency units: ~€51k (DE), €43k (FR), €32k (IT), €18k (PL), €48k (SE),
from Eurostat/OECD. Normalising each country to its own wage makes e comparable across the five

economies, which we then pool.



Pooling the EU5 and weighting by the SHARE individual weights, we form age-band x health-type
cells, pair each cell with its model yx, and fit by weighted least squares:

EGH — GS;H + 61GHX+ GEH 2, ELTC — GéTC + GlLTCX+ BZLTCXZ (X > X)/

Table 3 reports the underlying weighted regressions. Adding the quadratic term raises the (cell-
weighted) R? from 0.56 to 0.83 for general health and from 0.74 to 0.97 for LTC, and the x? term is
significant at the 1% level in both, confirming the hump (65" < 0) and convex (07C > 0) shapes.
The “Benchmark” columns report, alongside the unconstrained estimates, the coefficients the model
actually uses; they share the estimated shape but differ in level (and, for LTC, in an imposed sign
restriction), as explained below.

Table 3: OOP health-cost profiles: WLS on EU5 age x health-type cells, and the model benchmark.

General health ¢S () Long-term care e/7C ()

Linear Quadratic  Benchmark Linear Quadratic  Benchmark

0o (const) 0.0343*** 0.0089* 0.0071 —0.0985"**  0.1842*** 0
(0.0044)  (0.0049) (0.0267) (0.0364)

61 (x) 0.1414*** 0.5222%** 0.416 0.5206™** —1.6411*** 0
(0.0252) (0.0626) (0.0971) (0.2700)

0 (x2) —0.9568"*  —0.762 3.8083" 0.897

(0.1521) (0.4716)

R? 0.558 0.833 — 0.742 0.969 —

Cells 27 27 12 12

Individuals 81,649 81,649 28,709 28,709

Notes: “Linear” and “Quadratic” are WLS on EU5 (age band x health type) cells, weighted by SHARE population weights
(GH on all 27 cells, LTC on the 12 above the gate ¥y = 0.15); WLS standard errors in parentheses, *p < .10, **p < .05,
***p < .01; “Benchmark” is the value the model uses: the quadratic estimate after the DE =1 level normalisation (GH),
and for LTC the same normalisation together with the non-negativity restriction 6y, 61,6, > 0 (which drives 6y = 6; = 0).
Benchmark coefficients are imposed/derived and so carry no standard error or R?.

the LTC coefficients constrained to be non-negative (which drives 95Tc = 91LTC = 0, leaving a pure
convex term). General health is significantly hump-shaped, peaking near x ~ 0.27 and declining
thereafter (as households shift towards LTC), while LTC is convex and climbs steeply with deficiency—
and, mapped onto the model scale, both shapes are now traced out within the realised range [0, 0.52]
(Figure 1).

Figure 1: Model x, OOP general health and OOP LTC cost
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Source. Own calculation based on SHARE.

Figure 2 shows the final implied OOP cost profiles in the model. General health is hump-shaped



(0SH < 0): spending rises with deficiency, then shifts toward long-term care; LTC is convex and
kinked at the care threshold. On these profiles the model charges the health-deficient households a

non-trivial cost: at the EU5-average poor-type maximum x = 0.52, e/T¢

reaches ~ 24% of the average
wage (and ~ 18% at the German poor-type maximum y = 0.45), while ¢ has peaked near 6% and

receded to = 2%.

Figure 2: Implied OOP general health and LTC cost profiles in the model

(a) 251 (), Fitted (b) &€ (x), Fitted (c) Total OOP cost
0.10 ‘ ‘ ‘ ‘ ‘ 020 ‘ ‘ ‘ ‘ ‘ 020 ‘ :
R :’.‘G” (X)
0.08 |- . 0.16 |- - 016 ——-¢C(x)
— (A‘CH + eLTC)
0.6 | : 012 . 012 ‘
0.04 | | 0.08 |- 1 0.08 |- Lt ,’,‘[f:
002 1 0.04 - 1 0.04 /
"0 o1 02z 03 04 05 06 M0 o1 02 03 04 05 06 M1 02 03 04 05 06
Health deficiency profile, x Health deficiency profile, x Health deficiency profile, x
(d) Implied &“H profiles (e) Implied &7 profiles (f) Implied Total cost profiles

0.20

0.10

— Excellent health
0.16 - — Medium health
—_ Poor health

— Excellent health
0.16 - — Medium health
—_ Poor health

— Excellent health
0.08 - — Medium health
—_ Poor health

0.06 - 0.12 -

0.04 - 0.08 0.08 |- a
0.02 = 0.04 0.04 - 1
0.00 | | | | | | | 0.00 | | | | | | [ 0.00. I I I | I | |
20 30 40 50 60 70 80 90 100 20 30 40 50 60 70 80 90 100 20 30 40 50 60 70 8 90 100
Age Age Age

Why the DE-benchmark, non-negativity-restricted coefficients rather than the raw estimates. Two
adjustments separate the “Benchmark” columns from the unconstrained quadratic fits, each required
for the coefficients to be usable in the model. First, levels are carried by the country shifters, not by the

common gradient. Cross-country cost differences are absorbed by s, sLT¢, which the calibration pins

to each country’s public health- and LTC-spending share of GDP under the normalisation s§f =
skIC = 1 (Section 4.2). The estimation therefore identifies only the shape of the cost-x profile; its
overall level must be expressed on the German benchmark so that e = s, - 0(x) reproduces each
country’s spending. Carrying the raw EU5-pooled level in the common term would double-count the
level and conflict with the spr = 1 convention—this re-levelling is a single uniform factor (= 0.80 for
GH) and leaves the estimated shape unchanged. Second, the unconstrained LTC quadratic is economically
wrong-shaped. Its linear term is negative (91TC = —1.64) alongside a positive constant, so the fitted
curve is U-shaped—LTC cost would fall with deficiency over the lower part of the eligible range before
rising—an artefact of fitting a flexible three-parameter quadratic to only twelve cells. Long-term-care
cost should be weakly increasing in dependency and zero below the threshold, so we impose non-
negative coefficients; this drives ) = 6; = 0 and leaves a parsimonious, monotone, pure-convex
profile that starts at zero at ¥ and accelerates with severity. General health needs no such restriction:
its hump (65" < 0) is the economically meaningful and robustly estimated shape—a shift toward
palliative rather than acute-curative spending at the end of life—so the GH benchmark is simply the

quadratic estimate re-levelled to Germany.

Public coverage rates The government coverage share of general health, 71 = [0.90,0.86,0.74,0.72,0.82]
for [DE, FR,IT, PL, SE], is taken from OECD Health Statistics on the public/out-of-pocket split of health
financing (an out-of-pocket share on the order of 10% for Germany), as summarised in Table 4.
Nevertheless, the reported LTC coverage share 77-7C in Table 4 is less precisely measured—the health/social-



Table 4: Government coverage shares of health and LTC expenditure from OECD

DE FR IT PL SE EUS avg.

General public health (% of GDP)

Total expenditure 9.878 9425 8104 6.068 7.632 8.221
Gov./compulsory 8.890 8106 5.997 4369 6.258 6.724
Coverage share nH 090 08 074 072 082 0.818

Long-term care (% of GDP)

Total expenditure 2468 2505 0922 0531 3.617 2.008
Gov./compulsory 1777 2.004 0.673 0515 3400  1.674
Coverage share g€ 072 080 073 097 094 0.834

Source. OECD Health Expenditure and Financing database (total expenditure, averaged over 2020-2023);
coverage shares are the raw government/total ratios. The model adopts these directly except for #7¢
in Germany (0.72 — 0.65; ESPN/Rothgang 2016 on private LTC financing) and Poland (0.97 — 0.60; the
high public share reflects a very small formal-care sector with large co-payments). Because the LTC cost
shifter pins each country’s public LTC/GDP, '€ affects only the household out-of-pocket split, not the
public aggregate.

care boundary, the prevalence of informal care, and cash benefits all blur the out-of-pocket concept—so
we set it from country evidence and cross-check it against the literature, as summarised in Table 5.

Table 5: Public LTC coverage share 7-7C: value adopted and supporting evidence.

LTC

Country 7 Source and figure

Germany 0.65  ESPN Thematic Report on LTC (Germany): private costs = 36.6% of total LTC expen-
diture, 2014 (citing Rothgang et al., 2016). Corroborated by a German co-payments
study (“almost one-third of all funding is out-of-pocket”) and by a German LTC note
(public 0.93% vs private 0.35% of GDP, 2005).

France 0.80  ESPN (France); the APA co-payment averages 20% of the care plan (France LTC note;
Long-term care in Europe).

Italy 0.73  ESPN (Italy): the NHS funds ~ 69% of LTC services expenditure, 2016. Institutional-
care users pay 47.1% out of pocket, offset by the largely public cash benefit (Italy LTC
note).

Poland 0.60 Means-tested co-payment up to 70% of the user’s income, so out-of-pocket is sub-

stantial when formal care is used. The OECD-implied “public share” of ~ 0.97 is an
artifact of Poland’s small formal sector (= 0.8% of GDP, 70-90% of care informal) and
was revised down.

Sweden 0.94  ESPN (Sweden): users pay only 4-5% of the cost; municipalities finance ~ 90%.

ESPN: European Social Policy Network thematic reports on long-term care (European Commission). Because the cost shifter

pins each country’s public LTC/GDP, 1€ affects only the out-of-pocket split, not the public aggregate.

Calibration of the cost levels The estimated coefficients fix the benchmark cost shape; the cross-
country levels are set by the shifters s¢*,sL7C, normalised to German benchmark s§l = sLI¢ =
1. Holding 6 fixed, each shifter is chosen so that Initial-steady-state public spending matches its
target: public health spending over GDP (OECD) for s¢H, and public LTC spending over GDP (EU
Ageing Report) for stTC. Since public expenditure Yjx7eN is linear in the shifter, the fixed point
s < s - (target/observed) converges in a few iterations, yielding sGH = [1.00,1.06,0.95,0.59,1.25] and
stTC — [1.00,1.15,0.77,0.34, 3.22]—the wide LTC dispersion mirroring Sweden’s institutional system

versus the family- and informal-care systems of Italy and Poland.
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3.3 Estimation of the Informal Care Provision Profile, ot

Data The estimation of the informal care provision profile (that enters the time constraint in the
model) uses the file child monthly_care.dta, constructed from SHARE Wave 9. Each observation is
a care recipient (elderly parent) who has been assessed as being in LTC need. The dataset records care

hours from two sources:

e Children (ch {i} hr, i = 1,...,11): monthly care hours provided by up to eleven biological
children, together with their age group (age-group_ch_{i}), labour force participation status
(ch_{i}_LFP: FTE, PTE, Not working), and gender (ch_gender_{i}).

* Social network members (sn_{k}_hr, k = 1,...,7): monthly care hours provided by other net-
work members. Relationships are identified via rel_{k}. We retain only those identified as
son-in-law or daughter-in-law, and exclude all other network members (friends, neighbours, other
relatives, etc.) since they are not part of the household dynasty modelled in the OLG framework.

We reshape both sources to a caregiver-level long format, retaining observations with positive care
hours. The combined dataset contains 2,603 caregiver observations (2,530 children and 73 in-laws)
across 1,974 unique care recipients. Note that 4/C in the time constraint uses x(j + dj, x) — the health
deficiency of the parent — as the explanatory variable. Since individual parental health types are not
directly observed in the SHARE data, we construct a conditional expected value, X.ong, representing
the average health deficiency among LTC-eligible parents of a given age.

Results We estimate by weighted least squares (WLS) at the age-group level, considering two speci-

fications.

Linear: flzgc = G[I)C + Q{C *Xcond,a 1 €a @)
T _ _ 2
Quadratic: h[IzC = G(I)C + G{C *Xcond,a + 9£C ) [Xcond,a} + &g 8)
where hIC is the conditional mean care provision in age group a and each observation is weighted

by sample size N,. Both regressions are estimated on the EU5 sample. Table 6 reports the estimated

parameters and standard errors for both specifications.

hIC

Table 6: WLS regression results: oN Xcond

Linear Quadratic

03¢ —0.029 0.002
(0.023) (0.129)

6ic 0.370*** 0.119
(0.088) (1.021)

0iC 0.488

(1.982)

R? 0.746 0.749

Degrees of freedom 6 5

N (age groups) 8 8

N (observations) 2,048 2,048

Notes: WLS estimates. Standard errors (from WLS variance-covariance matrix) in parentheses. Weights
equal age-group sample sizes. Dependent variable: conditional mean informal care provision in model
units (annual hrs / 5,200). EU5 sample (Germany, France, Italy, Poland, Sweden), SHARE Wave 9, biological
children and son/daughter-in-law caregivers. *p < 0.10, **p < 0.05, “**p < 0.01.



Model selection: linear. Two considerations favour the linear specification over the quadratic:

1. The hump-shaped hypothesis is not supported. The hypothesis that, beyond a certain level of
health deterioration, informal care may be replaced by professional care, is not supported. The
quadratic coefficient Géc = 0.488 is positive, not negative as the hypothesis requires. The implied
vertex of the parabola falls at Y = —0.12 — well below zero, and outside the feasible range of
the health deficiency index. The fitted quadratic is therefore monotonically increasing over the
entire observable range, offering no evidence of substitution from informal to formal care at high
x values.

2. The quadratic term is statistically inestimable. With only 8 age-group observations and 3
free parameters, the quadratic and linear terms are nearly collinear in the available data range
(Xcond € [0.17,0.34]). The standard error on G{C inflates from 0.088 in the linear model to 1.021 in
the quadratic; the SE on 01C is 1.982 against a point estimate of 0.488. The R? gain from adding
the quadratic term is 0.3 percentage points. By contrast, in the linear model 0. is precisely
estimated and significant at the 1% level (¢ = 4.19).

We therefore adopt the linear specification as the preferred model. The estimated parameters are
96(: = —0.029 and é{c = 0.370 (p < 0.01). At the LTC threshold (x = 0.15), the implied care provision
is h!C ~ 0.026 (2.6 hours/week); at y = 0.40, it rises to 1/ ~ 0.119 (11.9 hours/week). The estimated
schedule per active caregiver tracks the SHARE data: care hours rise with the caregiver’s age and peak
in the late 60s, when parents reach old age. Figure 3 panel (b) presents the model’s life-cycle profile
after conditioning on parents being alive and their health type.

Figure 3: Implied Informal care provision profiles

(a) Per active caregiver (EU5) (b) EU5 Model /€ (age|parents = alive)
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4 Calibration

Having estimated the health deficiency profiles, OOP costs and informal care provision profiles, we
now turn to calibrating other parameters used in the model.

4.1 Externally Set Parameters

Table 7 collects the parameters set directly from data or the literature. First of all, on the supply
side, the capital share is set to a = 0.33, within the common range in the literature (King and Rebelo,
1999). Labour-augmenting productivity growth (g§ = 1.28%) and the annual depreciation rate (g =
5.76%) are computed from AMECO national-accounts series as pre-COVID (2010-2019) EUS averages;
Tables A.2-A.3 document the exact series and formulas. The inverse of the intertemporal elasticity of
substitution is set to 2, in the middle of the range of estimates. The endogenous retirement window
runs from the earliest age /, = 60 — the earliest legal retirement age for women in several European
countries” — to the latest age ], = 72, with the full pensionable age /4 = 65, following Borsch-Supan

et al. (2023). The initial total factor productivity level, Aj is normalised so that the initial-steady-state
wage equals one (the numeraire), so cost coefficients read directly as shares of the average wage.

Table 7: Externally set parameters

Parameter Symbol DE FR IT PL SE  Source

Demographics and ages (common)

Entry age - 20 Model convention
Maximum age - 100 Model convention
Earliest retirement age Jr 60 Deutsche Rentenversicherung Bund (2015)
Full-pensionable age FPA 65 Borsch-Supan et al. (2023)
Latest retirement age T 72 Borsch-Supan et al. (2023)
Parent—child age gap d; 30 Model convention
Preferences and technology (common)
Inverse of IES o 2 Conesa et al. (2009)
Capital share « 0.330 King and Rebelo (1999)
TEP growth g 1.28% AMECO; Feenstra et al. (2015)
Depreciation rate oK 5.76% AMECO
TEP level Ao 0.884 Normalisation: initial steady-state w = 1
LTC-need threshold X 0.15 See §4.2
Government policy (country-specific)
Pension policy controller (DB-DC) 6 0.5 1 0 0 0 Hybrid (DE)/DB (FR)/NDC (IT,PL,SE)
Gov. share of health cost nCH 090 086 074 072 082 OECD; See Table 4
Gov. share of LTC cost yLrc 065 0.80 073 060 094 OECD, See Table 5%
Informal-care subsidy rate nic 0.074 0.031 0.140 0.044 0.012 Cash-for-care/GDP*

Health, LTC and informal-care cost coefficients

GH cost (German benchmark) gcH [0.0071, 0.416, —0.762] SHARE-OOP (See Section 3.2)

LTC cost (German benchmark) pLTC [0, 0, 0.897] SHARE-OOP (See Section 3.2)
Informal-care provision gIc [—0.029, 0.370] SHARE W9 (See Section 3.3)
Productivity shifter (DE = 1) € 1.00 098 093 065 0.84 Output/hour rel. to DE

Note. Country order DE, FR, IT, PL, SE; parameters reported at annual frequency. Cost coefficients enter in wage-efficiency units (cost = w - e); 1
shares split each cost between government and household.
* 57!C is the cash reimbursement rate on the wage-value of informal care, w1 set so that the model’s informal-care subsidy as a share of GDP
matches observed public cash-for-care spending (DE Pflegegeld, FR APA cash component, IT indennita di accompagnamento, PL carer’s benefits, SE
almost entirely in-kind). ¥ #TC for DE and PL is set below the raw OECD public share (DE 0.72 — 0.65, ESPN/Rothgang 2016 on private LTC
financing; PL 0.97 — 0.60, since the high public share reflects a very small formal-care sector with large co-pays); the LTC cost shifter absorbs the
level so public LTC/GDP stays on target.

IChIC
’

2See, for example, Social Security Administration (2014), Deutsche Rentenversicherung Bund (2015), and OECD (2019).
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(Old-age pensions) 6 € [0,1] governs how the pension budget balances: 6 = 1 (defined benefit) holds
the replacement rate fixed and lets the contribution rate 77 adjust; 6 = 0 (notional defined contri-
bution) holds 77 fixed and lets benefits adjust; intermediate 6 splits the adjustment. Following the
project benchmark we set § = 1 for France (legislated defined benefit), § = 0 for the notional defined-
contribution systems (Italy, Poland, Sweden), and 6 = 0.5 for Germany (a hybrid of points-based and
demographic adjustment).

The model’s effective replacement rate b is calibrated so that public pension expenditure over GDP
matches the 2024 Ageing Report (Section 4.2); the resulting b reproduces the Ageing-Report benefit
ratio closely — within about three percentage points for Germany, France and Poland, and below it
for Italy, whose benefit ratio (69%) is unusually high so the aggregate effective rate is correspondingly
lower (EUS average b = 43.5% against a benefit ratio of 50.2%). The calibrated replacement rates and
the benefit ratios are reported with the other non-targeted equilibrium objects in Table 10 (Section 5).3

The larger gaps for Sweden and Poland are institutional rather than calibration error.*

(Public health and LTC coverage) The parameters 71 and 5LT¢

represent the shares of general health
and LTC expenditures covered by the government. We use the OECD Health Expenditure and Financing
database, considering three health functions — total health expenditure, LTC (health) and LTC (social)

— and two financing schemes: government schemes and compulsory contributory health insurance.®

#CGH is the ratio of total health expenditure (excluding LTC) financed by government/compulsory

LTC

schemes to the same expenditure across all schemes; #~'*~ is the analogous ratio for total LTC (health

+ social) expenditure, averaged over the post-2020 period (Table 4).

4.2 Internally Calibrated Parameters

The internal calibration is exactly identified: one global moment plus a five-moment block per country,
against an equal number of free parameters. The identification exploits the model’s near-recursive

structure — each moment is governed mainly by one parameter (Table 8).

Table 8: Internally calibrated parameters

Parameter Symbol DE FR IT PL SE  Targeted moment

Discount factor B 0.9845 EU5 capital-output ratio K/Y

TFP level (numeraire) Ay 0.884 wage w = 1 normalisation

Consumption weight ¢ 0.250 0.255 0.300 0.357 0.282 average hours worked

Retirement adjustment  w 0.063 0.052 0.058 0.040 0.063 average effective retirement age
a — — —

Ezﬂltilckﬁle;t iZi“ ip e 0224 0149 0118 Publicpension/GDP

GH cost shifter sGH 1.000 1.064 0953 0586 1.250 public health / GDP

LTC cost shifter stTC 1.000 1150 0765 0342 3219 public LTC / GDP

? The pension instrument depends on the controller 6 (Table 7): under defined benefit (FR) and the hybrid (DE) it is the
replacement-rate parameter b (shown for DE, FR); under notional defined contribution (IT, PL, SE) the benefit floats and
the calibrated instrument is the contribution rate 77 (shown for IT, PL, SE). Each parameter is identified primarily by the
moment in the last column; the (exactly identified) system is solved jointly.

3 Among the EU5, only Sweden has a mandatory funded (premium) pension pillar, which the model excludes; Sweden’s
Ageing-Report benefit ratio is the total figure, whereas the public-only ratio (~34%) aligns with the calibrated b = 32.6%.

4For Sweden the OECD rate (=64%) folds in the quasi-mandatory occupational tier, whereas the model’s public-only b ~ 33%
matches the public benefit ratio. For Poland the OECD rate (~29%) is the prospective new-entrant NDC rate, whereas the
model’s 2023 b ~ 42% reflects the more generous legacy defined-benefit pensions still in payment; it falls toward the NDC rate
(b =~ 33% by 2070) as the system matures.

5We exclude compulsory private insurance schemes to focus on public financing.

12



Under Cobb-Douglas utility ¢?¢'~?, the level of the preference weight ¢ governs average hours, while
the actuarial reward/penalty w is the only lever acting on the retirement margin through the budget.

Country Health-System Cost Shifters A single common set of cost coefficients cannot reproduce the
cross-country spending data: public LTC spending ranges roughly four-fold across the EU5 (Poland
~ 0.8% of GDP versus Sweden =~ 3.4%), and public health spending about two-fold (Poland ~ 4.8%
versus Germany 10.9%).

A country-specific LTC threshold y. would not be appropriate: ¥ is the level of ill-health at which
a person is deemed to need serious care, so making it country-specific would imply that an identical
health condition counts as “needs serious help” in one country and “essentially well” in another and,
because the same threshold also triggers informal care provision #/C, would distort modelled family
care for the same health state. Health need is therefore held universal, ¥ = 0.15 across countries.
What legitimately differs is the cost and intensity of the formal response: Sweden meets old-age de-

pendency through expensive, tax-financed institutional care, while Poland and Italy lean on cheaper,
GH (LTC
Cc

ch, on the formal-care

family-based arrangements. We capture this with the country cost shifters s
profiles (Section 3.2), exactly analogous to the productivity shifter £. on the age-efficiency profile, with

9GH QLTC

the common cost curves anchored to German data and each country’s shifter calibrated to

its public health- or LTC-spending share.

Each shifter is identified by a one-dimensional target — the country’s public health- or LTC-spending

GH ,LTC.
7

share of GDP, given the data-fixed coverage shares #~**, ' *; the calibrated values are

sCH = (1.00, 1.06, 0.95, 0.59, 1.25),  s"TC = (1.00, 1.15, 0.77, 0.34, 3.22), )

in country order DE, FR, IT, PL, SE, normalised so that Germany equals one. The two shifters are
applied symmetrically, and the contrast in their magnitudes is itself the empirical content. s is
modest and centred on one (range 0.59-1.25): advanced-economy health systems are broadly similar
in cost intensity. s/7C is dispersed (0.34-3.22): LTC systems differ structurally — Poland and Italy rely
on informal and familialistic care, Sweden runs expensive institutional care — mirroring the four-fold
spread in public-LTC spending. The calibrated values are reported together with the moment fit in

Table 9 (Section 5); Table A.1 reports the retirement-age data underlying the w targets.
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5 Calibration Results

Table 9 reports, for each targeted moment, the model and data values at the calibrated initial steady
state together with the calibrated parameter that identifies it. All five moment groups match across all
five countries, and the EUS5 capital-output ratio matches at K/Y = 2.901 (target 2.897).

Table 9: Calibration fit: targeted moments, model versus data (initial steady state, 2023)

Moment DE FR 1T PL SE Source of target
Model 2.901 c
EU5 K/Y Data 2897 AMECO/PWT

Model 027 029 033 039 031

Avg. hours worked (norm.) Data 027 029 033 0.39 031 AMECO NLHA
Model 645 618 638 626 653 .
: a,b
Avg. retirement age Data 643 619 638 626 653 OECD exit age

Model 0.103 0.134 0.155 0.103 0.073
Data 0.102 0135 0.156 0.102 0.074

Model 0.109 0.103 0.067 0.048 0.093
Data 0.109 0.103 0.067 0.048 0.092

Model 0.020 0.019 0.017 0.008 0.034
Data 0.020 0.019 0.017 0.008 0.034

? “Average exit age” from the labour market, pooled across men and women (Table A.1); all five lie inside the feasible
window [60,72]. Stored internally in model-age units (real age —19).

b Effective exit age includes labour-market exits via disability /unemployment that the model represents only through the
retirement-incentive margin, so the calibrated w should be read as a reduced-form adjustment.

¢ EU5 pre-COVID (2010-2019) bloc-average capital-output ratio; productivity growth g4 and depreciation ¢ likewise taken
from the data (Table A.3).

Pension exp. / GDP Ageing Rep. 2024

Public health exp. / GDP OECD HaaG 2023

Public LTC exp. / GDP Ageing Rep. 2024 (AWG)

Data moments — sources and method. The five targeted moments are constructed as follows.

o Capital-output ratio K/Y is the EU5 pre-COVID (2010-2019) bloc average from national accounts
/ Penn World Table (Tables A.2-A.3).

* Average hours worked is average annual hours actually worked per worker (OECD/Eurostat, pre-
COVID 2010-2019 average), expressed per working-age adult and normalised by the model’s
annual discretionary-time endowment Hmax = 5200 h (= 100 h/week x52).

o The average effective retirement age is the OECD average effective age of labour-market exit, pooled
male/female (Table A.1).

e Public pension expenditure over GDP is from the 2024 EU Ageing Report

¢ Public health expenditure over GDP from OECD Health at a Glance 2023 (government/compulsory
schemes, 2022);

¢ Public LTC expenditure over GDP from the 2024 EU Ageing Report (AWG comprehensive public
LTC, 2022 base) — the comprehensive measure (health plus social care) is used because it matches
the model’s e'TC, the full care requirement, and is substantially larger than Eurostat’s health-only

series.
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Finally, as external validation, Table 10 reports equilibrium objects that were not targeted. The real
interest rate (5.6%) lies in the standard range for the return to capital. Most informatively, the model’s
total labour-tax wedge (the sum of the three earmarked contribution rates) lines up with actual to-
tal statutory social-contribution rates even though only the spending shares were targeted: Germany
0.36 versus ~ 37%, France 0.38 versus ~ 40%, Italy 0.35 versus ~ 40%, Sweden 0.31 versus 31.4%,
with Poland lower. The per-scheme split should be read with one qualification: the model finances
each scheme with a uniform labour-tax base, whereas Italy and Sweden fund health and LTC largely
through general taxation, so the earmarked model rates for those schemes are notional accounting
devices and the total wedge is the directly comparable object.

Table 10: Untargeted moments and equilibrium outcomes (external validation)

DE FR IT PL SE
Pension system and financing (bold = fixed policy instrument)

System () Hybrid (0.5) DB (1) NDC (0) NDC (0) NDC (0)

Replacement b model 0.40 0.50 0.54 0.41 0.33

Benefit ratio data 0.43 0.47 0.69 0.45 0.34

Contribution 7 model 16.2 20.0 224 14.9 11.8

Health 7¢H model 16.7 154 9.7 6.9 14.7

statutory 14.6 ~13 t.f. 9.0 t.f.

LTC 7€ model 35 3.0 33 15 55

statutory 3.6 - - - t.f.

Total wedge model 36.3 38.4 354 23.3 32.0

statutory ~37 ~40 ~40 ~36 31.4

Bold marks the fixed policy lever: under DB (FR) and the hybrid (DE) the replacement rate b is set and the contribution
TP clears in equilibrium; under NDC (IT, PL, SE) 77 is fixed and b is the equilibrium outcome (Germany’s hybrid splits
the adjustment, so neither is fully fixed).

? Average public pension / average wage, 2022 (2024 Ageing Report). b Sweden incl. the funded pillar (excluded from
the model); public-only ~34%, matching b = 0.33.
¢ Statutory = employer+employee social-contribution rates (~2022; national administrations, OECD Taxing Wages, ISSA).
Model rates balance each scheme’s budget on a uniform base. t.f. = tax-financed, inf. = informal.

4 Total wedge = 17 + 7" + TTC; only the total is comparable scheme by scheme.

It is also worth-mentioning that, although w is calibrated to the average effective retirement age and
not to any statutory rate, its fitted values (0.063,0.052,0.058,0.040,0.063) for (DE, FR, IT, PL, SE) can
be compared with the per-year early/late pension adjustments reported by the OECD (OECD, 2025),
respecting a system distinction. Germany and France operate defined-benefit schemes with explicit
legislated adjustments — Germany reduces the pension by 3.6% per year of early retirement and
raises it by 6.0% per year of deferral, France applies a décote/surcote of about 5% per year — which
map directly onto w; the calibrated values (0.063, 0.052) sit inside this range, with France almost
exact. Italy, Poland and Sweden run notional defined-contribution schemes in which no fixed ad-
justment is legislated: the early/late penalty is generated implicitly by dividing the notional account
balance by remaining life expectancy and is therefore approximately actuarially neutral (~6-7% per
year). The calibrated w for Italy (0.058) and Sweden (0.063) lies close to this neutral benchmark, while
Poland’s lower value (0.040) is consistent with its historically generous early-exit provisions. That the
calibrated w, identified purely from retirement ages, reproduces the statutory and actuarially-neutral
adjustments so closely is a non-targeted validation of the retirement margin.
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Appendices

A Calibration: AMECO Data Sources

This appendix documents the AMECO national-accounts series underlying the macroeconomic cal-
ibration targets of Section 4.1 (labour-augmenting productivity growth g4, the depreciation rate Jx,
the capital-output ratio K/Y, the consumption shares, and the bloc weights), the mapping from those
series to the targets, and the computational implementation of the model.

The public health- and long-term-care coverage shares (7, 77C) and the effective-retirement-age
data underlying the calibration targets of Section 4.2 are reported in Tables 4 and A.1.

Table A.1: Retirement ages in the EU5 (data underlying the retirement-age targets)

DE FR IT PL SE

Male 655 663 666 650 67.0
Female 655 663 66.6 600 67.0

Male 63.0 613 636 650 610
Female 63.0 613 63.6 600 610

Male 646 619 639 640 659
Female 640 618 637 613 647

Statutory retirement age

Early retirement age

Average exit age

Source. OECD. The model targets the pooled male/female average exit age (the model
has no sex dimension).

Table A.2: AMECO Database Series Extracted for Calibration

Code Official AMECO Description

OKCT Capital consumption at 2020 prices: total economy
OKND Net capital stock at 2020 prices: total economy

OVGD Gross domestic product at constant prices

NLHA Average annual hours worked per person employed

NETD Employment, persons: all domestic Industries (National accounts)
AKNDYV  Net capital stock per unit of GDP (constant)

PIGT Price deflator gross fixed capital formation

PVGD Price deflator gross domestic product
UCPH Private final consumption expenditure
UCCG Final consumption expenditure of general government

UVGD Gross domestic product (GDP) at current prices
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Table A.3: Macroeconomic calibration targets: AMECO series, formulas and logic

Target

Series Utilised

Calibration Logic

8A

Sk

K/Y

c/Y

G/Y

We

OVGD, NLHA

OKCT, OKND

AKNDYV, PIGT, PVGD

UCPH, UVGD

UCCG, UVGD

NLHA

Labour-augmenting technology growth: Calculated as the log-difference of
real output divided by total hours worked (AIn(Y/L)).

Formula: AIn(OVGD/(NETD, x NLHA,)

Capital depreciation rate: AMECO capital consumption divided by the net
capital stock (perpetual-inventory measure).

Formula: OKCT./OKND,

Current-price capital-output ratio: The real volume ratio is multiplied by the
relative price of capital to output (Px/Py) to capture the true domestic oppor-
tunity cost.

Formula: AKNDV x (PIGT/PVGD)

Private consumption share: Nominal private consumption divided by nominal
GDP. Anchors the household Euler equation and warm-glow bequest saving.

Formula: UCPH/UVGD

Government consumption share: Nominal government expenditure divided
by nominal GDP. Establishes the baseline fiscal burden (7) for public long-term
care provision.

Formula: UCCG/UVGD

Unified bloc weights: The individual country’s share of the aggregate hours
worked across the 5-country bloc. Used to compute labour-weighted multi-
country parameters.

Formula: (NETD, x NLHA,)/ ¥(NETD, x NLHA,)
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