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 Víctor Vilà Prats– Actuarial Consultant, Deloitte Advisory S.L.
Business Administration Degree in Pompeu Fabra University, Barcelona.                                     
Actuarial Science Master in Universidad de Málaga, Málaga.                    
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 Deloitte is a professional service organization in Spain, in 2020 
the Firm celebrated 175 years of history. Deloitte has more than 
334,800 professionals in 150 countries around the world. In Spain 
there are more than 9000 professionals located in 20 cities. 

ECA 2022



www.eca2022.org

Table of contents

3

1. Introduction
2. Total Permanent Disability (TPD)
3. Scope of the Study
4. Results
5. Conclusions

ECA 2022



www.eca2022.org

Introduction
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 Context of the work
 Total Permanent Disability (TPD) and its compatibility with a job
 Previuos Works and studies
 Complexity of the study
Metodologies used
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Total Permanent Disability (TPD)
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 Concept
 Compatibility between pension and employment
 Requirements and amounts
 <55 years ‐> Regulatory Base*55% (TPD)
 ≥ 55 years ‐> Regulatory Base*75% (Qualified TPD)
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Scope of the Study
Main Objectives
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 “To know the characteristics and behaviour of the subjects with a TPD in relation
to their ability to reconcile the benefit with employment”

 Determine the variables sensitive to study and their influence on the possibility of compatibility.
o Methodology: Descriptive Analysis

 Prepare a table of compatibility probabilities according to the age of the individual.
o Methodology: Stochastic Analysis – Probability Table

 Study the time it takes for an IPT to enter the labor market.
o Methodology: Stochastic Analysis – Cox’s Model

ECA 2022
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 Database
 Continuous Sample of Working Lives (CSWL), 2016

o Retrospective Information
• Profile/characteristics of the subjects
• Benefits of pensions
• Contributions

o Target Profile
• Pensioner in TPD at some point in time
• Under 65 years at 31 december 2016

7ECA 2022

Scope of the Study
Database and Variables 
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 Software
 MySQL
 Rstudio
 Office

 Variables used
 Biometric (age at disability, gender)
 Economic (activity, contribution group, regulatory base, average amount of the benefit)
 Other variables related (nationality, regular residence, degree of disability)

8ECA 2022

Scope of the Study
Database and Variables 
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 Descriptive Analysis
 Metrics (univariate and multivariate analysis)
 Graphics
 Probability Table
 Gross Probability

o .

• .

• .

 Probability Smoothing

o Cubic Spline Interpolation – Leave-One-Out Cross Validation

 Time Remaining Expectancy (outside labor market)

o . 

9ECA 2022

Scope of the Study
Metodology I

𝑙௫ ൌ 𝑆𝑢𝑏𝑗𝑒𝑐𝑡𝑠 𝑇𝑃𝐷 𝑎𝑡 𝐴𝑔𝑒 𝑥
𝑑௫ ൌ 𝑆𝑢𝑏𝑗𝑒𝑐𝑡𝑠 𝑇𝑃𝐷 𝑎𝑡 𝐴𝑔𝑒 𝑥 𝑡ℎ𝑎𝑡 𝑖𝑛  𝐴𝑔𝑒 𝑥 ൅ 1 ℎ𝑎𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑒𝑑

𝑒௫ ൌ Σ௞ୀଵ
଺ସି௫  1௞𝑝௫

𝑞௫
்௉஽,஼ைே் ൌ 𝑑௫/𝑙௫, 𝑤ℎ𝑒𝑟𝑒:
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Scope of the Study
Metodology II – Cox Model

 Formulation
 Hazard Function (Baseline & Proportional Hazards)

o .

 Validation Tests
 Proportional Hazards

o .

 Parameters and global estimation tests.

 Specialized Variants
 Stratified Cox Model

o .

 Stratified Cox Model with Interaction Test

o .

𝜆 𝑡, 𝑿 ൌ ሺ𝑥ଵ, … , 𝑥௣ሻ ൌ 𝜆଴ 𝑡 ൉ 𝑒ఉభ൉௫భା⋯ାఉ೛൉௫೛  ൌ 𝜆଴ 𝑡 ൉ 𝑒∑ ఉೕ൉௫ೕ
೛
ೕసభ

ሺ𝜆଴ 𝑡 ൉ 𝑒∑ ఉೕ൉೛
ೕసభ 𝑿𝒋

∗
ሻ: ሺ𝜆଴ 𝑡 ൉ 𝑒∑ ఉೕ൉೛

ೕసభ 𝑿𝒋ሻ ൌ 𝑒∑ ఉೕ൉൫೛
ೕసభ  𝑿𝒋

∗ି𝑿𝒋ቁ

𝜆௚ 𝑡, 𝑿 ൌ 𝜆଴௚ 𝑡 ൉ 𝑒∑ ఉೕ௫ೕ
೛
ೕసభ , 𝑍∗ ∋ 𝑔 ൌ ሾ1, … , 𝑘∗ሿ 

𝐻଴: 𝛽ଵଵ ൌ ⋯ ൌ 𝛽௣ଵ ൌ 𝛽ଵଶ ൌ ⋯ ൌ 𝛽௣ଶ ൌ 𝛽ଵ ௞∗ିଵ ൌ ⋯ ൌ 𝛽௣ ௞∗ିଵ ൌ 0, 𝐿𝑅~𝜒௣ሺ௞∗ିଵሻ
ଶ
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Graphic 1. Distribution TPD by Degree. Source: Own work
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Results
Descriptive Analysis – Univariate I

Graphic 2. Distribution TPD by Province. Source: Own work
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Results
Descriptive Analysis – Univariate I

Graphic 3. Distribution of average monthly amount in € for TPD pensions. Source: Own work
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Graphic 4. Average Monthly Benefit for TPD by age at disability and gender. Source: Own work
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Results
Descriptive Analysis – Multivariate III
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Graphic 5. Distribution of number of TPD by age at disability, degree and gender. Source: Own work
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Results
Descriptive Analysis – Multivariate III
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Graphic 6. Years expected being TPD w/o contributing. Source: Own workTable 1. Probability Table, Smoothed . Source: Own work
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Results
Stochastic Analysis – Probability Table



www.eca2022.org

Graphics 7‐9. Gross and Smoothed probabilities of being TPD at age x, return to contribute with age x+1. Source: Own work
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Results
Stochastic Analysis – Probability Table
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Table 2. Parameter values by model variations. Source: Own work

 “Survival Function”
 Without Interaction/Individual

o .

 With Interaction
o .

 Baseline Categories
o . Gender: Male

o . TPD: Qualified TPD

17ECA 2022

Results
Stochastic Analysis – Cox Model Estimation

Model 𝛽𝒈𝒆𝒏𝒅𝒆𝒓 𝛽𝒚𝒆𝒂𝒓𝒔

Without Interaction 0,561932 ‐0,0942954
Individual – TPD 0,598018 ‐0,055687
Individual – QTPD 0,439339 ‐0,075708
With Interaction – TPD 0,439339 + 0,158679

=0,598018
‐0,075708 + 0,020020 =
‐0,055687

With Interaction – QTPD 0,439339 ‐0,075708

𝜆௚ 𝑡, gender, 𝑦𝑒𝑎𝑟𝑠 ൌ 𝜆଴௚ 𝑡 ൉ 𝑒ఉ೒೐೙೏೐ೝ,೒൉୥ୣ୬ୢୣ୰ ା ఉ౯౛౗౨౩,ౝ൉௬௘௔௥௦

𝜆௚ 𝑡, gender, years, 𝑇𝑃𝐷 ൌ 𝜆଴,௚ 𝑡 ൉ 𝑒ఉ೒೐೙೏೐ೝ,೒൉୥ୣ୬ୢୣ୰ ା ఉ೤೐ೌೝೞ,೒൉୷ୣୟ୰ୱାఉ೒೐೙೏೐ೝ,೒൉୥ୣ୬ୢୣ୰൉୘୔ୈାఉ೤೐ೌೝೞ,೒൉୷ୣୟ୰ୱ൉்௉஽
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Table 3.Parameter and Global Estimation Tests. Source: Own work

 Model Validation Tests

 No Interaction Test
 . 

Graphic 10.Global and Individual Schoenfeld Residual Test. Source: Own work
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Results
Stochastic Analysis – Cox Model Tests

𝐿𝑅~𝜒௣ሺ௞∗ିଵሻ
ଶ  → 𝑝௩௔௟௨௘ ൌ 2𝑒ିଵ଺ → 𝑅𝑒𝑗𝑒𝑐𝑡 𝐻଴  → 𝐴𝑐𝑐𝑒𝑝𝑡 𝑆𝑡𝑟𝑎𝑡𝑖𝑓𝑖𝑒𝑑 𝐶𝑜𝑥 𝑀𝑜𝑑𝑒𝑙 𝑤𝑖𝑡ℎ 𝐼𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛 

Assumption Tests – p_value w/o 
Inter.

Individual 
(TPD, QTPD)

w/ 
Inter.

Wald (Param. - gender) <2e-16 <2e-16 , <2e-16 <2e-16

Wald (Param. - years) <2e-16 <2e-16 , <2e-16 <2e-16

Wald (Param. – genderꞏTPD) 4.5e-3

Wald (Param – years ꞏTPD) 5.2e-4

Wald (Global) <2e-16 <2e-16 , <2e-16 <2e-16

Likehood Test (Global) <2e-16 <2e-16 , <2e-16 <2e-16

Score Test – LogRank (Global) <2e-16 <2e-16 , <2e-16 <2e-16
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Results
Stochastic Analysis – Baseline Cox Model

Graphics 11‐12. Baseline curves of stay outside the labour market, with and without interaction Cox model results. Source: Own work



www.eca2022.org 20ECA 2022

Results
Stochastic Analysis – Stratified Cox Model with Interaction

Graphics 13‐14. Estimate curves of stay outside the labour market, Stratified Cox Model with Interaction, diferent subjects. Source: Own work
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Conclusions
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 Descriptive Analysis
 Men, spanish, 46 years, peninsular northwest

 Construction sector, first and second class officers

 Average amount: 711€, 60% Base TPD (55% Regulatory Base)

 Stochastic Analysis – Probability Table
 Higher probability of reincorporation at 25 years

 Lower time expectancy as TPD without contributing between 18-23 years (4 years)

 Higher time expectancy as TPD without contributing at 47 years (11 years and a half)

 Stochastic Analysis– Stratified Cox Model
 Lower Probabilities to return at labor market for women, with more years being TPD and with Qualified TPD

 Obtaining resources for:
 Design of active employment policies

 Reflection about TPD pension

 Review of the definition of coverage
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Cientifica, Universidad de Málaga, Campus de Excelencia Internacional Andalucía Tech


