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Abstract

This report studies longevity risk in Turkey and the early retirement implications of
the EYT reform. Turkish survival probabilities for 1931–2015 for female and male are
used to construct life tables, calculate retirement duration, and evaluate annuity present
values under a fixed interest-rate assumption. Then a discount rate sensitivity analysis is
constructed to examine the effects of increasing interest rates on present value behavior.
The results indicate that earlier retirement ages can substantially increase expected pension
payment periods when combined with improving longevity.

Keywords: Longevity risk, retirement duration, EYT reform, Turkish pension system,
life tables, annuity present value.
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Öz

Bu rapor, Türkiye’de uzun ömürlülük riskini ve EYT reformunun erken emeklilik üz-
erindeki etkilerini incelemektedir. Çalışmada, kadın ve erkekler için 1931–2015 dönemine
ait Türkiye hayatta kalma olasılıkları kullanılarak hayat tabloları oluşturulmuş, emeklilik
süresi hesaplanmış ve sabit faiz oranı varsayımı altında anüite bugünkü değerleri değer-
lendirilmiştir. Daha sonra, artan faiz oranlarının bugünkü değer davranışı üzerindeki etki-
lerini incelemek amacıyla iskonto oranı duyarlılık analizi yapılmıştır. Bulgular, artan yaşam
beklentisi ile birlikte erken emeklilik yaşlarının beklenen emeklilik ödeme sürelerini önemli
ölçüde artırabileceğini göstermektedir.

Anahtar Kelimeler: Uzun yaşam riski, emeklilik süresi, EYT düzenlemesi, Türkiye
emeklilik sistemi, yaşam tabloları, anüite bugünkü değeri.
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Chapter 1

Introduction

Longevity has improved tremendously in the past few decades, all around the world [5]. De-
spite it being a human progress with social advantages, this improvement could add many
unexpected burdens and obligations upon pension providers. This is especially problematic
in pay-as-you-go pension systems where current pensions are financed by current workers
and longer-lasting pension payments can amplify the pressure on the system. In Turkey
this issue became more concerning after the EYT reform in 2023 which allowed certain
groups of workers to retire earlier under specific conditions. And now Turkey is facing a
combined challenge: possible young retirees under the standard specified age of retirement
receiving benefits, while longevity could extend the periods over which these benefits are
collected.

Before going any further in this report, few main points need to be detailed. Antolin[2]
shows that life expectancy has been consistently increasing across OECD countries over
the past decades. Table 1.1 shows that life expectancy improved steadily across OECD
countries over the twentieth century.

While earlier gains were larger at birth, substantial improvements also occurred at age
65, especially in the later decades. Bhattacharya-Craven, Heitmueller, and Schanz[5] notes
that global life expectancy rose from 46 years in 1950 to 74 years today, exceeding 80 in
many OECD countries. Veli Durmus[14] finds that although life expectancy in Turkey
still below the median of that of the OECD countries, Turkey experienced a noticeable
improvement in life expectancy especially after the 1990s. Özdemir et al.[19] estimates life
expectancy at birth as 76.4 years for males and 82.4 years for females, while life expectancy
at age 60 is estimated as 21.1 years for males and 25.6 years for females. Compared
with earlier estimates for 2000, this shows gains of at least five years for both males and
females in Turkey. These improvements in life expectancy is not only linked to demographic
change but also affected by social and economic factors. Halıcıoğlu, F. [16] suggests that
nutrition/food availability and health expenditures are the main positive factors for life
expectancy in Turkey.

Although life expectancy was noticeably enhanced (mainly due to food availability and
healthcare systems), it still flags financial concern for many annuity providing systems,
especially pension systems. Antolín [2] suggests that if people live longer than
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Table 1.1. Increase of Number of Years per Decade, 1900–2000.

Increase in number of years per decade at birth at 65

20th Century
Canada (1921–2002) 2.8 0.7
France (1900–2003) 3.3 0.9
The Netherlands (1900–2003) 2.9 0.6
Italy (1900–2002) 3.8 0.9
Spain (1908–2003) 3.9 0.9
Sweden (1900–2004) 2.7 0.6
United Kingdom (1900–2003) 3.1 0.7
United States (1933–2002) 2.3 0.8

1960–2000
EU15 Average1 2.0
OECD Average1 2.2
Canada 1.9 1.0
France 2.2 1.3
The Netherlands 1.3 0.7
Germany 2.0
Italy 2.6 1.2
Spain 2.5 1.1
Sweden 1.7 1.0
United Kingdom 1.7 0.9
United States 1.8 0.9
Source: Human Mortality Database and OECD Health Data 2005. 1 Unweighted average. Adapted
from Antolín (2007).

expected, pensions and annuities will be paid for longer years resulting in increased li-
abilities. According to De Waegenaere, Melenberg, and Stevens[10]), every additional year
of life expectancy at age 65 adds at least 3% to the present value of UK pension liabilities.
In Turkey, Veli Durmus[14]) implies that longer life expectancy leads to longer periods of
the annuity payments, which in turn could increase to total required payments. If an-
ticipated accurately, such liabilities can be better manged but the real issue is that they
rarely are. Despite the obvious gains, forecasts mostly show underestimation and many
pension funds do not fully consider the future improvements in mortality, which means
liabilities are understated according to the findings of Antolín[2]. Cocco and Gomes[9]
mentions that unexpected longevity improvements have contributed to the underfunding
of pay-as-you-go state pensions and defined benefit pension plans, resulting in lower ben-
efits or higher contributions. More generally, the longevity-risk literature emphasizes that
unexpected improvements in survival rates can increase annuity values and require either
higher contributions, lower benefits, explicit hedging mechanisms or later retirement.

Individuals react to longevity improvements as well. Bhattacharya-Craven et al. [5]
produces a report based on a survey of 15,000 people across 12 countries and concludes that
individuals not only worry about the possible complications of longevity improvements but
also overestimate their preparedness. It shows that there exists a gap between awareness
and preparedness. There are a social concern and awareness, yet majority seem to be un-
ready. Cocco and Gomes [9], studies how increasing survival rates can affect savings and
retirement behavior and finds that rising life expectancy requires higher wealth to finance
retirement. And individuals can save more or retire later as a response to longevity im-
provements, but that does not help eliminate the problem. Furthermore, Blake, Boardman,
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and Cairns [6], says that systematic longevity risk is difficult to hedge by the private sector
on its own and infer that the risk needs more government interventions; government-issued
longevity bonds having payments depending on survival rates could help share this risk
because if individuals live longer the bond pays in a way that could help institutions cover
the extra unexpected annuity payments. Külekci and Selcuk-Kestel [22] also shows that
longevity risk is systematic and cannot be diversified away, which emphasizes incorporat-
ing it in pension evaluations. These discussions provide a glimpse on literature deputes,
nevertheless, this study does not concern with hedging suggestions and possible solutions
to the problem

In Turkey, young retirees could add to the complexity of longevity risk even further.
Although Antolín’s[2] results are based on OECD pension schemes rather than Turkey
specifically, they are useful for illustrating how age structure affects annuity values. The
results show that the effect of longevity risk depends on age structure of the pension scheme
which can result in higher annuity present values, an increase can go from 23.6% for a 25-
year-old and 15.3% for age 40, to only 3.3% for a 65-year-old. In other words, the net
present value of annuity payments is much larger for younger ages. Giving this conclusion,
individuals retiring at younger ages due to the EYT reform and having higher longevity
rate, can critically increase retirement duration and, hence, the required pension payments,
which add an extra layer of complexity to the issue of longevity that Turkey is facing. Not
only that, but Asık [3] studies the 1992 reform that abolished the minimum retirement age
and provides evidence that Turkey’s early retirement incentives substantially reduced male
labor-force participation and increased transition into informal employment, suggesting
that very early retirement can create both fiscal pressure and labor-market shifts. This
study is not specifically on the EYT reform, but it shows possible effects of early retirement.
In addition to that, within the Ekşi Sözlük sample analyzed by Aslan, H., & Karadeniz, O.
[4] the main result shows that public reaction, in the sample, is mostly opposed to EYT.
The main reasons behind their opposition are generational conflicts-that is older cohorts
are advantageous while younger cohorts carry the burden, followed by rights/injustice and
finance. Asik [3] argues that PAYG pension systems depend on some form of a contract
between generations, where younger workers finance the pensions of older people, with
the expectation of being treated similarly in the future. The authors claim that early
retirement laws can damage this contract.

Because this report is an attempt to examine the challenge of longevity risk-early re-
tirement duality, modeling is an essential part of analysis. Antolin [2] prefers stochastic
mortality modeling over deterministic forecasting, because it measures uncertainty not only
provides a forecast path. Similarly, De Waegenaere, et al.[10] explains that using period life
tables can result in understated annuity values compared with projected mortality tables,
because future mortality improvements are ignored. The paper shows that projected mor-
tality leads to higher annuity values than static period tables. Külekci and Selcuk-Kestel
[22] studies future mortality and longevity risk for countries with different age structure,
specifically Turkey, Japan, and Germany. It finds that dynamic life expectancy is always
higher than static life expectancy and stochastic approach presents higher annuity expec-
tations than the deterministic. The authors also finds that females have higher premiums
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than that of males- that is for some ages longevity risk for females is persistently higher
than that of males in Turkey. Özdemir et al. [19] shows females have higher life expectancy
than males. In 2013, life expectancy at birth was 82.4 for females and 76.4 for males; life
expectancy at age 60 was 25.6 for females and 21.1 for males. Lastly, Antolin[2] finds that
higher interest rates could lower the net present value of the required pension annuity.
In the case of Turkey this might be an interesting result to test whether higher interest
rates could help with the consequences of the early retirement accompanied by increasing
longevity risk.

In chapter 4, this report examines possible effects of longevity risk on current phe-
nomenon of early retirement in Turkey from an actuarial perspective. Using Turkish
mortality tables, life tables are generated to estimate life expectancy for different ages
over time. Life expectancy estimation is then used to measure retirement duration and
the present values of pension annuities under different scenarios- for standard retirement
ages and for younger retirement ages with EYT-type retirement situations. By comparing
both scenarios, this report aims to analyze the additional possible burden caused by ear-
lier retirement on the pension system in Turkey. The remaining of this report provides a
brief background on the definition of longevity in chapter 2; chapter 3 gives a summary on
the structure and history of the Turkish pension system. Chapter 5 discusses the results
achieved by the analysis, their interpretation and what can be concluded from the. Lastly,
it presents the possible limitation of the study.

Although stochastic mortality models are recommended in the longevity-risk literature
because they present uncertainty around future mortality improvements, this study follows
a deterministic approach. The aim of the report is not to produce a full probabilistic fore-
cast of Turkish mortality, but rather to measure the actuarial effect of different retirement
ages (pre-EYT and post-EYT) under various defined mortality and interest-rate assump-
tions. Therefore, life expectancy, retirement duration, and annuity values are calculated
using observed mortality table information and deterministic sensitivity scenarios.
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Chapter 2

Longevity Risk

Longevity is the increase in individuals age, or life span. That is, individuals live longer
than they used to in the past due to several factors such as food availability and improved
health care systems and the risk in this report’s context is the financial burden resulted
by the unexpected extended life span, especially on annuity providing institutions (govern-
ments, pensions funding systems, insurance providers, etc.). There is a distinction between
individual mortality risk and longevity risk: while the former can be diversified through
pooling, the latter remains even for very large pension or insurance portfolios. [10]

This risk of financial loss is mainly due to the uncertainty of life expectancy that
causes mis anticipation of the total present value of annuities. In addition, there is the risk
of individuals living in poorer conditions later in their lives because they might “outlive
their resources”. Living longer than expected means that individuals need to increase
their wealth to be able to finance their retirement. Family, insurance, and government
are the three institutions individuals rely on or expect help from when facing longevity
after retirement. Some individuals tend to save more to be able to maintain their living
conditions after retirement or delay their retirement. Evidently, longevity improvements
can negatively affect both individuals and annuity issuers, however, this report is only
concerned with its effects on pension systems, specifically in Turkey. Governments and
annuity issuers can face great financial losses due to these improvements.

2.1 Longevity Risk in Turkey
In Turkey the case is the same, the country has undergone a noticeable improvement in
mortality overall and specifically that on birth and for infants after 2008. These improve-
ments were alongside an improvement in several health and economic indicators. Despite
its relatively younger population longevity risk can negatively affect Turkey’s pension sys-
tem. Furthermore, the rising life expectancy can result in lower monthly pension payments,
especially for females as females life expectancy is improving faster than this of males’ life
expectancy, even in Turkey.

One crucial observant to our report is that longevity risk is higher for younger
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individuals- younger individuals are the ones subjected to more longevity improvements
in the future. Huge differences can occur depending on the age of the retiree. This is
especially important to this study because Turkey in its EYT reform, effective as of March
2023, has lifted the retirement age requirement for a specific group of workers. So, in
this scenario we are not only dealing with longevity risk alone but rather with the risk of
prolonged retirement duration, which means more financial obligations from the pension
funds side.
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Chapter 3

Turkish Pension System

3.1 Structure
The Turkish pension system is a multilayer system, but it is hugely dependent on its
SGK public system which is a pay-as-you-go (PAYG) system meaning that the pensions
of current retirees are funded by the current active workers, so any imbalance between
workers and retirees can result in a funding problems, and that is why an increasing wave
in retirees can cause huge problems but we will talk about that more in details later.

3.1.1 The Public Pension System-SGK
As we mentioned, this system is the largest one covering most of the workers as groups:
4/a which is for employees and wage workers; 4/b which is for self-employed, tradesmen,
and business owner; 4/c and that one covers civil servants; also there is the agricultural
SSI subjected to law No. 2925 covering agricultural workers.

AS of 2021, Turkiye has about 25 million contributors and 14 million pensioners (con-
tributors exceed pensioners). The public system is mandatory, and workers are supposed
to pay monthly contributions as well as employers. According to the IOPS country profile,
employees pay as much as 14% pf their monthly earnings, while employers pay about 18.5%
of payroll (see Table 3.1). [17]

3.1.2 The Private System
The priveate pension sector in Turkiye is not as mature as the public one but it has been
growing for the past few years. It mainly consists of: BES-Bireysel Emeklilik Sistemi
which is a voluntary individual pension system that was created to complement the public
system rather than replace it; the law says its purpose is to direct individual retirement
savings into investment and provide extra income in retirement ; BES has about 14.5
million participants and arguably can help reduce future pressure on the public system if
strengthened[18].
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and the OKS-Otomatik Katılım Sistemi which is the automatic enrollment system in-
troduced in 2017, where employees under 45 are automatically enrolled through employers,
and employees hold the right to unenroll themselves. Employees contribute at least 3% of
gross salary, and the state gives incentives such as the 30% state contribution[17].

Within the private pension market, BES is larger with about 94% of assets and 57% of
participants, while OKS remains much smaller by assets[18]. There are also occupational
funds like OYAK, POLSAN, İLKSAN, and some bank/insurance-sector funds. These are
special occupational schemes, usually for specific professions or institutions.

Table 3.1. Size of the Pension System in Turkiye by 2021.

Indicator Approximate size

Population 84.7 million
Labour force 32.7 million
Population over 65 9.7%
Active insured contributors 25 million
Public pensioners 14 million
Resource: IOPS Countries Profiles – TÜRKİYE, November 2022.

3.2 History of Turkish Pension System

3.2.1 Before the 1990s
Turikye’s social security system didn’t use to be in its current form. It used to be rather
fragmented and developed gradually. The pension fund (Emekli Sandığı) was originally
founded in 1954 for public workers. After the 1961 constitutional recognition for social
security as a right, SSK was founded in 1965 for wage workers, then Bağ-Kur (officially
4/b) was created in 1972 for self-employed people, later extended to agricultural workers.

3.2.2 1992: Very early retirement
The 1992 was a great turning point in the history of the Turkish retirement system. The
requirements for a specific age to retire were cancelled, instead the system allowed retire-
ment after enough years of contribution-roughly 20 years for women and 25 years for men.
This means workers can retire at ages as early as 40-45. This reform created an imbalance
between active workers and benefited retirees.

3.2.3 1999: Reform and Return of Retirement Age
Because the 1992 reform was rather financially dangerous and increased deficits, Law No.
4447 in 1999 reintroduced a retirement age requirement. The goal was to lower the pressure
on the PAYG system.
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3.2.4 2006–2008: Major Reform
As we mentioned earlier, at the beginning of the 1990s the Turkish pension system was
fragmented and in 2006, institutions were gathered under one umbrella: SGK — Sosyal
Güvenlik Kurumu.Then in 2008, retirement age was set to rise gradually from 58 for women
and 60 for men to 65 for both genders between 2036 and 2048. Contribution days also rise
from 7,000 to 7,200 for new entering workers[18].

3.2.5 2023: EYT
Under the EYT reform, Law No. 7438 effective as of 2023, people who were insured on or
before 8 September 1999, are allowed to retire without meeting the age requirement, if they
satisfied the other conditions. This reopened the opportunity, once again, to retire after
20 years of work for women and 25 years for men, meaning that some people are allowed
to retire at their 40s, and some workers retired immediately. The share of pensioners aged
45–54 rose from 17.4% in 2019 to 22.7% in 2023, and the total number of retirees within
the year jumped sharply in 2023. The total old-age pensioners rose from about 9.5 million
in 2022 to 11.5 million in 2023, and that more than 2.19 million people retired within
2023. And as we explained in previous sections, Türkiye is aging. Statistically speaking,
the share of elderly people in the population reached 10.6%, and life expectancy at age 65
was about 18.0 years in total, 16.3 years for men, and 19.6 years for women, as of 2024;
and that adds even more pressure on the PAYG system.

This reform is widely regarded as a negative effect on the labor-market behavior in
Turkiye; it opened an opportunity to people to retire formally and move into another in-
formal employment to be able to collect an income alongside a pension. So, these incentives
did not move older workers out of the labor force in a clean way. Instead, they caused a
large decline in formal labor-force participation, which is especially important in a country
like Turkey where informality is widespread.

9



Chapter 4

Methodology

4.1 Data
This section shows the actuarial framework used in the analysis. First, Turkish mortal-
ity tables covering the period 1931–2015 are used. The tables provide one-year survival
probabilities px,t for each age x = 0, 1, . . . , 100+ and year t, for both genders. Survival
probabilities are used as the main input to construct life tables and to estimate age spe-
cific life expectancy. These estimates are then used to measure retirement duration under
different retirement ages. Retirement duration is chosen to represent the remaining years
after retirement over which retirement payments take place.

Finally, the present value of pension payments is estimated using annuity due formulas,
and sensitivity to the discount rate is examined under fixed mortality assumptions.

4.2 Construction of Life Tables
Using the mortality tables mentioned, we can construct life tables for each year t.

Given survival probabilities px,t we could find death probabilities:

qx,t = 1 − px,t. (4.1)

Establishing a standard radix of:

l0,t = 100, 000. (4.2)

The number of survivors at age x + 1 is computed as:

lx+1,t = lx,t · px,t. (4.3)

The number of deaths between ages x and x + 1 is:

dx,t = lx,t − lx+1,t. (4.4)
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The person-years lived between ages x and x + 1 are approximated by:

Lx,t = lx,t + lx+1,t

2 . (4.5)

For the open-ended age interval, a closure approximation is applied.
The total future person-years lived from age x onward is:

Tx,t =
ω∑

y=x

Ly,t. (4.6)

Finally, life expectancy at age x is:

ex,t = Tx,t

lx,t

. (4.7)

These life tables form the basis for all subsequent analysis.

4.3 Retirement Duration (RD)
Assuming that retirement begins at age and pension payments continue until death, re-
tirement duration approximately is the remaining life expectancy at age:

RDr,t = er,t. (4.8)

Retirement ages considered in this report:

r = 42, 43, . . . , 65. (4.9)

to cover both early retirement scenarios, resulted from EYT, and conventional retire-
ment ages.

4.4 Scenario Analysis of Retirement Duration
To show the effects of the EYT reform, retirement duration of different ages is compared
to benchmark standard retirement ages: r = 60 and r = 65, the comparison can be shown
as:

∆RDr,r∗,t = er,t − er∗,t. (4.10)

This way we can measure the additional expected years of pension payments resulting
from earlier retirement.

Relative (percentage) differences can be computed as well:

%∆RDr,r∗,t = er,t − er∗,t

er∗,t

× 100. (4.11)
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4.5 Present Value of Pension Payments (Annuities)
To better see the financial effects of the prolonged retirement duration, pension payments
are presented as life annuities. Annuity due is used.

To compute annuities, the probability that an individual aged r survives k years is:

kpr,t =
k−1∏
j=0

pr+j,t. (4.12)

Where 0pr,t = 1.
Future payments are discounted using an annual effective interest rate i (an interest

rate of 2% is used in this part), with discount factor:

v = 1
1 + i

. (4.13)

Then finally the present value of the annuity at age r, representing the expected dis-
counted value of all future pension payments can be written as:

är,t =
ω−r∑
k=0

vk · kpr,t. (4.14)

Where ω denotes the limiting age of the life table after applying the closure approxi-
mation. A unit annual pension benefit is assumed, i.e. B = 1, so the calculated annuity
values represent present values per unit of annual pension payment.

Once again, retirement duration is computed for ages 42–65 in general, while EYT-
related annuity comparisons focus on early retirement ages 42–59 relative to benchmark
ages 60 and 65.

∆PVr,r∗,t = är,t − är∗,t. (4.15)

4.6 Discount Rate Sensitivity Analysis
Here we fix mortality at one selected table at 2015, but allow interest rates to vary across
deterministic scenarios:

is, s = 1, 2, . . . , S. (4.16)

where s indexes the deterministic discount-rate scenarios.
Then:

vs = 1
1 + is

. (4.17)

The annuity becomes:

är,2015 =
ω−r∑
k=0

vk
s · kpr,2015. (4.18)
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or fully:

är,2015 =
ω−r∑
k=0

( 1
1 + is

)k

· kpr,2015. (4.19)

Since mortality is fixed, changes in annuity present values are caused only by the
interest-rate assumption. As the interest rate increases, future pension payments are dis-
counted more heavily, so the present value decreases.
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Chapter 5

Results and Findings

The life-table results show a clear long-term improvement in life expectancy in Turkey
between 1931 and 2015. At the beginning of the period, male life expectancy was higher
than female life expectancy at birth and at different ages, but this pattern gradually
changed. At 1949, female life expectancy exceeded male life expectancy and by 2015,
females had higher life expectancy than males for all ages from 0 to 99.

For the EYT analysis, the most important finding is the increase in life expectancy at
ages 42–65. As shown in Table 5.1, female remaining life expectancy at age 42 increased
from 20.68 years in 1931 to 35.92 years in 2015, while male remaining life expectancy
increased from 20.30 to 31.38 years. At age 65, female life expectancy increased from 8.15
to 15.30 years, and male life expectancy increased from 8.25 to 12.68 years. This means
that early retirement occurs in a context where individuals are expected to live longer than
used to in earlier decades. It is also noticed that the gap between life expectancy of female
and male decreases as age increases (with a constant advantage for woman especially in
2015).

Table 5.1. Life expectancy at selected ages and years.

Age Female 1931 Male 1931 Female 1948 Male 1948 Female 1949 Male 1949 Female 2015 Male 2015

42 20.677 20.297 26.884 25.422 27.042 25.548 35.915 31.383
48 17.018 16.777 22.296 20.927 22.428 21.028 30.214 25.934
50 15.842 15.661 20.816 19.497 20.939 19.591 28.349 24.182
55 12.986 12.962 17.230 16.088 17.334 16.165 23.790 20.006
58 11.377 11.420 15.185 14.174 15.277 14.241 21.135 17.658
60 10.398 10.456 13.891 12.965 13.975 13.026 19.404 16.159
65 8.151 8.245 10.881 10.177 10.946 10.224 15.302 12.679

Figure 5.1 shows the remaining life expectancy ( how many years an individual is
expected to live after a certain age) for both female and male.
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Figure 5.1. Remaining Life Expectancy at Selected Ages, 1931 — 2015.

Since retirement duration is approximated to life expectancy at the retirement age,
younger retirement ages naturally produce longer expected pension-payment periods. In
2015, a female retiring at age 42 had an expected retirement duration of 35.92 years,
compared with 19.40 years at age 60 and 15.30 years at age 65 (see Table 5.2 and Figure 5.2).
Thus, retirement at age 42 added approximately 16.51 expected payment years relative to
age 60 and 20.61 years relative to age 65.In general, female retirement duration is higher
than that of male for all ages (Table 5.3). For male, retirement at age 42 has an expected
duration of 31.38 years, which is 15.22 years higher than retirement at age 60 and 18.70
years higher than retirement at age 65. Although the additional duration decreases as
the retirement age approaches the standard retirement ages, it remains meaningful even
near age 59. In 2015, retiring at age 59 instead of 65 still added 4.96 expected years for
females and 4.22 years for males (Table 5.4). Overall, these results show that EYT-type
early retirement increases the expected number of pension payment years, and this effect
is amplified by survival improvement.
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Table 5.2. Increase in Retirement Duration at selected ages and years.

Age Female RD 1931 Female RD 2015 Female increase Male RD 1931 Male RD 2015 Male increase

42 20.68 35.92 +15.24 20.30 31.38 +11.09
50 15.84 28.35 +12.51 15.66 24.18 +8.52
55 12.99 23.79 +10.80 12.96 20.01 +7.04
58 11.38 21.14 +9.76 11.42 17.66 +6.24
60 10.40 19.40 +9.01 10.46 16.16 +5.70
65 8.15 15.30 +7.15 8.24 12.68 +4.43

Table 5.3. Female vs Male retirement durations.

Age Female RD 2015 Male RD 2015 Female – Male

42 35.92 31.38 +4.53
50 28.35 24.18 +4.17
60 19.40 16.16 +3.24
65 15.30 12.68 +2.62

Table 5.4. Extra retirement years versus age 60 and age 65 in 2015.

Age Female extra vs 60 Female extra vs 65 Male extra vs 60 Male extra vs 65

42 16.51 20.61 15.22 18.70
45 13.64 17.74 12.47 15.95
50 8.95 13.05 8.02 11.50
55 4.39 8.49 3.85 7.33
58 1.73 5.83 1.50 4.98
59 0.86 4.96 0.74 4.22

The annuity present value results show the financial side of the retirement duration
findings. The annuity values represent the expected discounted value of paying one unit
per year from retirement until death. At a fixed 2% discount rate, annuity values increased
substantially between 1931 and 2015 for both genders. For females, the annuity value at
age 42 increased from 16.66 to 25.69, while at age 65 it increased from 7.78 to 13.31. For
males, the corresponding values increased from 16.38 to 23.24 at age 42, and from 7.85 to
11.34 at age 65. This shows that mortality improvement increased the expected discounted
cost of future pension payments even when the discount rate is held constant.The annuity
results also show the financial effect of earlier retirement. In 2015, the female annuity value
was 25.69 at age 42, compared with 16.16 at age 60 and 13.31 at age 65. This gives an
additional present value of 9.53 units relative to age 60 and 12.38 units relative to age 65.
For males, the annuity value at age 42 was 23.24, compared with 13.86 at age 60 and 11.34
at age 65, giving additional values of 9.37 and 11.90 units, respectively. The additional
present value decreases at older retirement ages, but it remains noticeable even at age 59,
where retirement instead of age 65 adds 3.42 units for females and 3.04 units for males.
These findings support the critical point that early retirement increases the present value
of pension payments (see Table 5.5 , Table 5.6. and Figure 5.3). Furthermore, a pattern is
observed considering the behavior in the pv gap. From ages 42 to around 50-51 the female
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advantage in pv shows a slight increase at first, peaks at age 50-51 and then gradually
declines. By the age of 65 the gap is noticeably smaller.

Figure 5.2. Expected Retirement Duration by Retirement Age.

The discount rate sensitivity analysis examines annuity values under fixed 2015 mor-
tality and varying annual interest rate from 1% to 30%. The results show an inverse
relationship between the interest rate and annuity present value. For females retiring at
age 42, the annuity value decreases from 30.34 at 1% to 25.69 at 2%, 16.94 at 5%, 10.40
at 10%, and 4.31 at 30%. For males at the same age, it decreases from 27.03 at 1% to
23.24 at 2%, 15.86 at 5%, 10.05 at 10%, and 4.28 at 30%. Therefore, higher interest rates
substantially reduce the expected present value of future pension payments.

The sensitivity results also show that younger retirement ages are more affected by
the discount-rate assumption. For females, the annuity value at age 42 decreases by about
85.8% between 1% and 30%, compared with 72.3% at age 65. For males, the corresponding
decreases are about 84.2% at age 42 and 68.6% at age 65. This occurs because earlier
retirement creates a longer period of expected future payments, making the value more
exposed to discounting. As the interest rate increases, the present value becomes smaller
till it reaches a point where age difference becomes almost negligible. At the rate of 30%,
it could be seen that the present value of annuity becomes almost the same for all ages
(see Table 5.7 and Figures 5.4 and 5.5).
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Table 5.5. Annuity value increase for male and female over time.

Age Female PV 1931 Female PV 2015 Female Increase Male PV 1931 Male PV 2015 Male Increase

42 16.66 25.69 +9.03 16.38 23.24 +6.85
45 15.51 24.24 +8.73 15.26 21.72 +6.46
50 13.51 21.68 +8.17 13.36 19.12 +5.76
55 11.48 18.98 +7.50 11.46 16.47 +5.02
58 10.29 17.30 +7.02 10.31 14.90 +4.59
59 9.91 16.73 +6.82 9.95 14.38 +4.44
60 9.54 16.16 +6.62 9.58 13.86 +4.28
65 7.78 13.31 +5.53 7.85 11.34 +3.49

Table 5.6. The additional PV caused by early retirement in 2015.

Age Female Extra PV vs 60 Female Extra PV vs 65 Male Extra PV vs 60 Male Extra PV vs 65

42 9.53 12.38 9.37 11.90
45 8.07 10.92 7.86 10.38
50 5.52 8.37 5.25 7.78
55 2.82 5.67 2.61 5.13
58 1.14 3.99 1.04 3.56
59 0.57 3.42 0.52 3.04

Figure 5.3. Additional Annuity Present Value versus Age 65.
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Table 5.7. Discount-rate sensitivity results for different interest rates and fixed mortality at
2015.

Gender Age PV at 1% PV at 2% PV at 5% PV at 10% PV at 20% PV at 30%

Female 42 30.34 25.69 16.94 10.40 5.93 4.31
Female 50 24.87 21.68 15.25 9.90 5.83 4.27
Female 60 17.88 16.16 12.39 8.76 5.54 4.15
Female 65 14.47 13.31 10.65 7.91 5.24 4.01
Male 42 27.03 23.24 15.86 10.05 5.85 4.28
Male 50 21.62 19.12 13.91 9.35 5.68 4.21
Male 60 15.15 13.86 10.95 8.02 5.26 4.01
Male 65 12.20 11.34 9.32 7.15 4.92 3.83

Figure 5.4. Female actuarial present value of unit pension under fixed 2015 mortality and
varying interest rates.
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Figure 5.5. Male actuarial present value of unit pension under fixed 2015 mortality and
varying interest rates.
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Chapter 6

Conclusions

Overall, the results show three connected findings. First, life expectancy increased between
1931 and 2015, especially for females. Second, this improvement raised expected retirement
duration, making early retirement more significant in pension payment terms. Third, the
annuity calculations show that longer retirement duration translates into higher present
values of pension payments. Lastly, higher discount rates reduce the measured present value
of these burdens. However, they do not eliminate the conclusion that earlier retirement
increases expected pension costs, but this effect is stronger under low or moderate interest
rate assumptions.

This study may have several limitations that need to be considered when looking at
the data. First, the latest data used in the analysis is from 2015 while the analysis is
meant for 2023 or later. Therefore, the calculations may not appropriately reflect mortality
conditions at the exact time of the reform. Also, since the latest used data is before the
event of COVID19, possible related changes in the mortality patterns are not be captured.

More importantly, the analysis follows a deterministic approach rather than a stochastic
mortality model. The literature on longevity risk emphasizes that deterministic or static
mortality approaches may result in an underestimation of future mortality improvements
and, hence, annuity present values and pension liabilities. In this report, life expectancy,
retirement duration, and annuity values are calculated using observed mortality tables and
deterministic sensitivity scenarios. This makes the results easier to interpret, but it does
not measure uncertainty around future survival improvements.

Third, the annuity calculations do not use real-life Turkish pension-related data. There-
fore, the results should be interpreted as indicators of probable burdens rather than exact
fiscal costs of the EYT reform.

Fourth, the analysis focuses mainly on the duration and present value of pension pay-
ments, but it does not model the full demographic and labor market effects of EYT. These
effect are important for measuring the total fiscal impact on the pay-as-you-go pension
system.

Fifth, the discount rate sensitivity analysis uses different values of the interest rate
while keeping mortality fixed at 2015. This helps to present the effect of the discount rate
assumption, but it does not show the combined effect of changing mortality and changing
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interest rates at the same time. A more advanced analysis how annuity values behave
under dynamic mortality and interest rate conditions, at the same time

Finally, the retirement age scenarios are simplified. The study compares early retire-
ment ages between 42 and 59 with benchmark ages 60 and 65, but the actual group affected
by EYT has complicated characteristics that are not captured by age alone, such as the
exact work-entry dates, number of years, type of insurance, and many other factors. There-
fore, the results should be interpreted as a structured actuarial scenario analysis rather than
a complete policy cost estimate.
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