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Abstract

This thesis presents a long-term asset liability management for Tanzania pension funds. As
an application, the largest pension fund in Tanzania is considered. This is a pay-as-you-go
pension fund where the contributions are used to pay current benefits. The Pension plan
analyzed is a final salary defined benefit. Two kinds of pension benefit are considered, a
commuted (at retirement) and a monthly (old age) pension. A decision factor in the analysis

is the increased life expectancy of the members of the pension fund.

The presentation is divided into two parts. First is a long-term projection of the fund using
a fixed and relatively low return on asset value. Basing on the number of members in 2015,
a 50 years projection of members and retirees is done. The corresponding amount of contri-
butions, asset values, benefit payouts, and liabilities are also projected. The evaluation of
some possible reforms of the fund is done. Then, the growth of asset values using different
asset returns is studied. The projection shows that the fund will not be fully sustainable in
a long future due to the increase in life expectancy of its members. The contributions will
not cover the benefit payouts and the asset value will not fully cover liabilities. Evaluation
of some reforms of the fund shows that they cannot guarantee a long-term sustainability.
Higher returns on asset value will improve the asset to liability ratio, but contributions are

still insufficient to cover benefit payouts.

Second is a management based on stochastic programming. This approach allocates invest-
ment in assets with the best return to raise the asset value closer to the level of liabilities.
The model is based on work by Kouwenberg in 2001 includes some features from Tanzania
pension system. In contrast with most asset liability management models for pension funds
by stochastic programming, liabilities are modeled by number of years of life expectancy.
Scenario trees are generated by using Monte Carlo simulation. Two models according to dif-

ferent investment guidelines are built. First is using the existing investment guidelines and



second is using modified guidelines which are practical and suitable for modeling. Numerical
results suggest that, in order to improve a long-term sustainability of the Tanzania pension
fund system, it is necessary to make reforms concerning the contribution rate, investment,
guidelines and formulate target levels (funding ratios) to characterize the pension funds’

solvency situation. These reforms will improve the sustainability of the system.



Popularvetenskaplig

sammanfattning

Denna avhandling behandlar langsiktig kapitalforvaltning for den storsta pensionsfonden i Tanzania.
Fonden anvander inbetalda avgifter fran medlemmar i yrkeaktiv alder till att betala pensioner till
nuvarande formanstagare, vilka frimst dr alderspensionérer. Pensionens storlek éar avgiftsbestamd,
vilket innebér att den utbetalade pensionen avgors av medlemmens 16n under de yrkesaktiva aren.
Pensionen bestar av tva delar: dels ett storre belopp som utbetalas da medlemmen géar i pension
och dels en manatlig pension under aterstoden av livet. De inbetalda avgifter som inte férbrukas till
pensionsutbetalningar sparas och investeras for framtida behov. Den langsiktiga hallbarheten hos
ett pensionsystem av denna typ avgors av manga faktorer, men en avgorande faktor ar utvecklingen

hos den forviantade livsldngden bland fondens medlemmar.

Avhandlingen ger forst en prognos for fondens utveckling under en tidshorisont pa 50 ar, utifran
de nu géllande reglerna for pensionsystemet, sasom avgifternas storlek och pensionsaldern, och
férvéntade fordndringar i Tanzanias samhéllsekonomi, framférallt demografisk sammanséttning
och dkande livslangd. Denna prognos visar att pensionssystemet kommer att fungera val under
lang tid och accumulera stora &verskott i fonden. Mot slutet av tidshorisonten kommer dock
en avstannande befolkningstillvaxt tillsammans med den O6kande livslingden gora att pensionsut-
betalningarna kraftigt Gverstiger de inbetalade avgifterna, varfor fondens sparade kapital snabbt
forbrukas, vilket innebér att systemet inte ar langsiktigt hallbart. I avhandlingen gors vidare
prognoser for effekterna av nagra ténkbara atgarder for att forbattra hallbarheten, sasom hojda
pensionsavgifter och héjd pensionsalder, eller att fonden investerar sitt kapital sa att det ger hogre
avkastning. De effekter som uppnas visar dock att ingen enskild atgard racker for att signifikant

Oka systemets langsiktiga hallbarhet. Istédllet maste flera atgidrder kombineras for att uppna detta.

Ett viktigt medel for att 6ka den langsiktiga hallbarheten hos ett pensionssystem av denna typ
ar att sdkerstélla hog och sdker avkastning pa fondens kapital. Avhandlingen ger en stokastisk
optimeringsmodell for detta syfte, anpassad till de forutsattningar som géller i Tanzania. En sadan
modell beaktar en lang planeringshorisont och olika placeringsalternativ, som till exempel aktier,
obligationer och fastigheter, och tar hansyn till att dessa har olika forvéntad avkastning och risk.
Osékerheten i utfallet av olika investeringar modelleras med hjélp av ett stort antal mdjliga scenar-



ier for utvecklingen hos avkastningen under planeringshorisonten, och dér varje framtida scenario
intraffar med en viss sannolikhet. Modellen ger som resultat en placeringsstrategi som ger maximal
forvantad avkastning givet att risken halls pa en acceptabelt lag niva. Resultat for den tanzaniska
pensionsfonden visar att det bor vara mdojligt att oka dess avkastning avsevért, genom en mer

flexibel placeringsstrategi &n vad som anvéands idag.
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1

Introduction

Asset liability management (ALM) for pension funds is a risk management approach, which takes
into account the assets, the liabilities, and different policies and regulations. The management
of a pension fund should find acceptable policies that guarantee with a large probability that the
solvency of the fund is sufficient during the planning horizon and, at the same time, all benefit
payouts can be made. Management of assets involve decisions on the investment of portfolio while
the liability consists of future pension payments [21].

When modeling optimization problems, we can use a deterministic approach, where parameters are
known at the time of making the decision, or stochastic programming in which the parameters are
not known (uncertain) at the time of making the decision. The goal of stochastic programming is
to find optimal decision policies in problems involving uncertain data. In this terminology, stochas-
tic is opposed to deterministic, whereas programming refers to the fact that various parts of the

problem can be modeled as linear or nonlinear mathematical program [5].

Stochastic programming has been proven to be an efficient approach in designing effective strategies
in wealth and asset liability management in practice [23]. In pension funds, future assets returns,
liabilities, streams of contributions and benefits are unknown. An application of stochastic pro-
gramming means that these uncertainties are modeled as random parameters in a discrete time

model with a finite planning horizon [18].

Scenario trees are used in stochastic programming to describe the uncertainty of parameters in the
discrete-time setting. The scenario tree branches off every random parameter in each time stage.
This approach requires a finite discrete distribution that is limited in a number of possible values
of the random parameters. According to [31], the performance of stochastic programming can be

improved by choosing an appropriate scenario generation method.

In this thesis, the focus is on asset liability management for Tanzania pension funds which are
pay-as-you-go schemes. Using the largest pension fund in Tanzania, a 50 years projection of fund’s
members, retirees, contributions, asset values, benefit payouts and liabilities is done. Evaluation
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of some possible pension fund reforms is studied. Also, the effect of return on asset of the fund is

analysed. The projection shows that the fund will not be fully sustainable in a long term period.

Using a stochastic programming approach, two models according to different investment guidelines
are built, the current and modified investment guidelines. Numerical results suggest that, in order
to improve a long-term sustainability of the Tanzania pension fund system, it is necessary to make
reforms concerning the contribution rate, investment guidelines and formulate target levels (funding

ratios) to characterize the pension funds’ solvency situation.

1.1 Background of the problem

Pay-as-you-go pension is a system where current benefit payouts for retirees are paid by the contri-
butions from the current members. It requires a balance between the benefits paid to the retirees
and the contributions made by the active members. The system is much affected when the old
population exceed the working population. Several studies have been conducted which show that
the world demography is changing rapidly with increased life expectancy (decrease mortality rate)
and decreased fertility rate. The works of [3], [6], [7], [11], [30] and [41] argue that in the past time
the world population experienced short life, births were many, population growth was slow and
population was young. Recently, the mortality and fertility rates have declined, causing population
growth, lower working population growth, long life and an old population. The decreasing ratio of
working population to retirees is bringing various policy responses. Parametric reforms tinker with
pay-as-you-go defined benefit pension schemes by reducing benefits, raising taxes and eliminating

the incentives for early retirement.

Sweden, Italy and Germany have introduced notional defined contribution (NDC) pension systems
[9], whereby pay-as-you-go systems mimic the defined contribution plan. The NDC pension system
removes incentives for early retirement and passing on to individual retirees the financial risks of
rising longevity. In [36], the problem and prospects that face pay-as-you-go pension funds in Greece
are studied. Considering the demography changes, it shows that the system will not work unless

some reforms are done.

Also, [26] studied a sustainability framework for pay-as-you-go pension system. The study forecasts
that the net present value of expenditure on pensions in the US will exceed the net present value of
contributions through the period 2015 — 2089. Moreover [29] developed a benchmark risk measure
for pension sponsors by obtaining a total asset requirement for sustaining the pension plan due to

increasing the risk of increased longevity.

Due to the increase of an old population, [23] and [19] studied the asset liability management by

stochastic programming for a Finnish insurance company and an Austrian pension fund, respec-
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tively. Pension fund’s contributions, asset returns, benefits and liabilities are uncertain. Stochastic
programming is used as a decision method of finding an optimal decision considering investment

policies.

1.2 The aim of this study

The theme of this thesis is the future sustainability of the Tanzania pension system. The system
comprises of five mandatory pension funds which are Parastatal Public Pension (PPF), Public Ser-
vice Pension Fund (PSPF), National Social Security Fund (NSSF), Local Authorities Pension Fund
(LAPF) and Government Employees Provident Fund (GEPF). With the exception of the GEPF,
all pension funds are operating on pay-as-you-go defined benefit basis. These funds are regulated
and supervised by Social Security Regulatory Authority (SSRA). The system faces a gradual in-
crease of members’ life expectancy (which is linked to longevity risk). According to [38], the system
in 2014 seemed to be sustainable, although not fully sustainable over the long term. The system
dependency ratio (the number of retirees divided by a number of contributors) was low, about
7% on average. Though this does vary significantly from as little as 1% in NSSF to over 22%
in PPF, depending on the degree of scheme maturity. This means that the financial burden on
each contributor was low. But as the system matures this ratio will grow fast. Some of the pen-
sion funds like PSPF has already started to experience the effect of increased life expectancy [28].

Further parametric reforms will be required in future to assure the long-term viability of the system.

The largest pension fund in Tanzania is NSSF. The NSSF has more members than other funds
(about 44% of the total pension funds population in 2014/2015 by SSRA records). Also, it has low-
est retirees to contributors dependency ratio. The NSSF was established by the Act of Parliament
No. 28 of 1997 to replace the defunct National Provident Fund (NPF). It is a compulsory scheme
providing a wider range of benefits which are based on internationally accepted standards, and it
is a formal institution that provides social security protection in Tanzania. It offers social security
coverage to employees of private sector and non-pensionable Parastatal organizations, government
employees, self-employed or any other employed person not covered by any other fund and any
other category as declared by the Minister of Labour. It is a fully funded scheme running under
defined benefit principles. Surplus of the fund collected after paying members benefit are invested

for the purpose of finacing future benefit payments and operation costs.

In this thesis, the projection of the fund in a period of 50 years is done. Assuming an open pension
system where new members are recruited every year, the future number of members and retirees are
analyzed using different mortality rates of working population and life expectancy. Future amounts
of contributions, asset values, benefit payouts and liabilities are also projected.
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Two stochastic programming models are built. The sequence of decisions (asset allocations, contri-
bution rates) is made for the horizon of 50 years in stages. Asset categories used are government
securities, real estate, loans and deposits with their corresponding returns from NSSF annual re-
ports of 2001 — 2011. The objective is to minimize the total expected contribution rates for active

participants and sponsors of the fund.

1.3 Outline

This thesis contains two part and the outline is as follows.

1.3.1 Outline of Part I

This part contains two chapters which explain the basic concepts of asset liability management for
pension funds and a review of some studies done in selected countries. Chapter 2 gives the definitions
of parameters applied in asset liability management for pension funds. Important elements for asset
liability management for pension fund are discussed. In Chapter 3 a literature review of different
models of stochastic programming applied in asset liability management for pension funds in selected

countries is given.

1.3.2 Outline of Part II

This part consists of two papers. The second paper is founded on the analysis done in the first

paper. Hereafter is the abstracts of the papers.

Paper 1

John A., Larsson T., Singull M., and Mushi A. (2017). Projection of Tanzania pension
system

In this paper, a final salary defined benefit for mandatory Tanzania pension fund is studied. This
fund is a contributory pay-as-you-go defined benefit pension system where the retirement benefits
are financed by contributions collected from current members. It is much affected by change in
demography. Two kinds of pension benefit, a commuted (at retirement) and a monthly (old age)
pension are considered. A decision factor in the analysis is the increased life expectancy of members
of the fund. The projection of the fund’s future members and retirees is done using mortality rates
of working population and expected life expectancy. The future contributions, benefits, asset value
and liabilities are analyzed. The projection shows that the fund will not be fully sustainable in a
long future due to the increase in life expectancy of its members. The contributions will not cover
the benefit payouts and the asset value will not fully cover liabilities. Evaluation of some possible
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reforms of the fund shows that they cannot guarantee a long-term sustainability. Higher returns on
asset value will improve the asset to liability ratio, but contributions are still insufficient to cover

benefit payouts.

Contribution: The research problem for this paper was suggested by my supervisors. This paper
is the product of multiple discussion between the first author and co- authors. The first author

suggested the title, doing all detailed calculations, coding, simulations and writing of the paper.

Paper 2

John A., Larsson T., Singull M., and Mushi A. (2017). Asset liability management for
Tanzania pension fund by stochastic programming

This paper presents a long-term model of asset liability management for Tanzania pension funds.
The pension system is pay-as-you-go where contributions are used to pay current benefits. The
pension plan is a final salary defined benefit. Tanzania pension funds face an increase of its mem-
bers’ life expectancy where the retirees to contributors dependency ratio will increase. Two kinds
of pension benefit are considered, a commuted (at retirement) and a monthly (old age) pension.
A decision factor is the increased life expectancy of the members of the pension fund. Stochastic
programming approach allocates assets with the best return to raise the asset value closer to the
level of liabilities. A model is based on work by Kouwenberg in 2001, with some features from Tan-
zania pension system. In contrast with most asset liability management models for pension funds
by stochastic programming, liabilities are modeled by using number of years of life expectancy for
monthly benefit. Scenario trees are generated using Monte Carlo simulation. Numerical results
suggest that, in order to improve a long-term sustainability of the Tanzania pension fund system, it
is necessary to make reforms concerning the contribution rate, investment guidelines and formulate
target levels (funding ratios) to characterize the pension funds’ solvency situation. These reforms

will improve the sustainability of the system.

Contribution: The research problem for this paper was suggested by the first author. This paper
is the product of multiple discussion between the first author and co- authors. The first author
suggested the title of the paper, doing all detailed calculations, coding, simulations and writing of

the paper.
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Asset liability management for pension

funds

The purpose of this chapter is to give the overview of basic concepts and terminologies which are
used in the subsequent chapters of this thesis.

2.1 Pensions and pension funds

2.1.1 Pension

A pension is a fixed amount, other than a wage, paid in terms of benefit as a lump sum or at regular
intervals to a person or to the person’s surviving dependents in consideration of past services, age,

merit, poverty and injury or loss sustained [16].

2.1.2 Pension funds

Pension funds are considered to be organizations that have been set the task to make benefit
payments to people that have ended their active career. The payments to be made to the retirees
must be in accordance with the benefit formula that prescribe the flow of payments to which each
member in the fund is entitled [14].

2.1.3 Pension schemes or plans

There are two major kinds of pension schemes, defined contribution and defined benefit as described
in [15].
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Defined contribution

A defined contribution scheme specifies how much a member will contribute, often a fixed percentage
of salary. The fixed percentage of the salary is called contribution rate. The benefit is determined by
the size of accumulated contributions in an individual account who participate in a profit sharing.
At an agreed age or state, pension benefits are paid as a lump sum or as regular payments basing on
the accumulated wealth into an individual account of the participant. The payments are calculated

by actuarial techniques and the employee bears a financial investment risk.

Defined benefit

A defined benefit scheme specifies a level of benefit, usually salary in relation near retirement
(final salary), or to salary throughout employment (career average salary plans). This level is
usually defined according to a benefit formula as a function of the salary and years of the service.
Investment financial risks associated with defined benefit are borne by the plan sponsor. A sponsor

is obliged to provide adequate funds to cover any liability’s deficit.

2.1.4 Pay-as-you-go pension system

A pay-as-you-go (PAYG) pension system refers to a plan in which the current pension of the retirees
is financed by contributions from current members. Usually, the benefit is calculated according to
a formula based on employee’s salary and years of the service. This system is adopted by most
public pension funds. With a young population, it is attractive as the contribution rate is low and
the current retirees get benefits immediately. However, when the population is ageing and the rate
of old population is higher than working population growth, the amount of contributions cannot
catch up with the promised benefit payouts. In that situation, the system is not sustainable unless
the amount of benefit to retirees decreases or the contributions to current members increases (e.g.,

increasing tax rate) [32].

2.2 Elements of asset liability management for pension

funds

Asset liability management of pension funds is the periodic decision on how the diversification of
investments portfolio over different asset categories is done. The decision must be restricted by
different regulations and policies that the management of pension fund can apply in order to meet
obligations. There are several elements important for asset liability management for pension funds.
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2.2.1 Population growth

Population growth is a key element of asset liability management problems for pension funds. The
calculation should use the current population to project the future population. A pension fund
planning horizon can be some decades due to the long commitment to members. Based on [33], we
consider transition matrix IT for n different states which include ages of active members, inactive

members, retirement and dead defined as

w1 m2 0 0 0 0 ... Tip—2 Min-1 Tin
0 m2 m3 0 0 0 ... %op_2 mopn_1 ™on
I =
0 0 0O 0 0 0 ... 1

Here, 7;; is the portion that moves from state i to state j where

m; >0 Vijel,...,n (2.1)
domj=1Viel,...n (2.2)
JjEZ

The columns and rows represent states of the fund. It is possible for a survivor to move to the
subsequent state. But in each state, there is the risk of dying. Each year the model moves a member
to the next age or to death. If the age is near retirement, the model moves a survivor to retirement
state. There are four possibilities, moves to next age, inactive, die or retire for those ages approach

retirement.

Using the matrix 117 as the transpose matrix of II, the population at time ¢ is a vector P; given by
the relation

P =11"P,_,, (2.3)
if the system does not allow new members, and
P =10"P,_1 + Ny, (2.4)

if new members N; are allowed in the year t. This population status is updated throughout the

planning horizon.

Actuarial risk

According to [16], one type of actuarial risk is the longevity risk. This is the risk that a retiree
of the fund lives longer than may be expected on the basis of mortality rates. This type of risk
is concerned with old age pensions. Longevity is a high-profile risk for defined benefit pension
schemes. Another actuarial risk is the lower asset value interest rates with raised value of liabilities.
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2.2.2 Policies and regulations

Most of the pension fund activities are restricted by policies and regulations. Whether the scheme
is defined contribution or defined benefit, still there are restrictions on how members contribute,

paid benefits as well as investment processes.

Contribution policies

According to [16], the management of a pension fund can not only manage its liabilities, also the
assets can be managed. One of the instruments to manage the assets is by means of the contribution
policy. In the contribution policy, the system is chosen on which the level of the contribution rate
is determined. Most pension funds use a dynamic contribution rate. In this system, the level of the
contribution rate can be modified in the course of time. If the investment or demographic profile
is adverse, the contribution rate may be increased otherwise it may be decreased [15]. An increase
of contribution rate by active members means that cash inflows are higher for the fund. The asset

liability management problem objective can be to minimize contribution rate as in [31].

Liabilities

Liability is the present value of expected future benefit payments. According to [42], each pension
fund has a series of cash flows it expects to pay out in future to its existing members. Future
payment depends on the longevity and possible earlier retirement of the members, salary growth
rates, wage inflation and price inflation. The world populations are aging, having more retirees
that live longer due to improved living standards and medical services. Pension funds estimate
their liability for a planning horizon up to 100 years. Liability is discounted to determine their

present value.

Asset value

This is the value of asset converted to the market value used to measure the solvency. The ratio of
asset value to liabilities can be used to measure the solvency of the fund. Referring to [16], the ratio
of asset value to liabilities is called funding ratio. If the funding ratio is equal to 100%, it implies
that asset value matches exactly liabilities. But if the funding ratio is less than 100%, it is called
underfunding. This means asset value can not cover all liabilities. In this situation, a sponsor of
the fund should make extra contribution to cover the deficit.

If the funding ratio is greater than 100%, it is called overfunding. In this case, the fund makes the
surplus and this is favorable. Using funding ratio in asset liability management problems, a greater
value of funding ratio is set to make sure that the model preferences assets with the best return

and will create a surplus.
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Cash flow policies

Cash flow policies guarantee that the total expenditures do not exceed revenues [23]. Cash flow is
the net amount of cash moving into and out of a fund. Positive cash flow indicates that a fund’s asset
value is increasing and the fund reinvest it in financial markets. Negative cash flow indicates that a
fund’s asset value is decreasing. In asset liability management, the cash inflow is from contributions,
from selling asset investments, from returns of asset investments and from other sources allowed by
regulations. The cash outflow is to benefit payments, to buying of asset investment and to others
allowed by regulations. Selling and buying of assets are also associated with transaction costs.

Investment policies

The value of the assets is also influenced by the investment policies. In these policies, the man-
agement of the pension fund decides in which asset categories the fund invests its assets. Also the
levels of the lower and upper bounds on the fraction of the total assets invested in each asset class,
and rules concerning rebalancing are part of the investment policy [16]. These rules specify the

allowed investment in order to foster the diversification of asset investment to avoid risk.

2.3 Pension system in Tanzania

As mentioned in Subsection 1.2, Tanzania mainland pension system comprises of five public pension
funds. The system is mostly restricted to the formal sector. According to SSRA 2014/2015 annual
report, it covers around 2,142,350 members which is only about 4% of the whole population and
10% of the working population. Up to 2014, all funds except PPF were converted to PAYG DB [38].

The SSRA was established under Cap. 139 of the social security regulatory authority act No. 8 of
2008 as amended by act No. 5 of 2012, with the main objective of supervising and regulating the
social security sector. The SSRA started its operations at the end of the year 2010. In light of its
legal mandate as provided in the social security act, it is charged with the role of regulating and
supervising the provisions of social security services in the country. Every pension fund is under
the management of the board of the respective fund. SSRA may set contribution rates payable
to the fund by members and minimum benefit payable to the beneficiaries. But before adjusting
contribution rate and minimum benefit payable, this authority should undertake or cause a fund to
undertake valuation of assets to the liabilities. Currently, contribution rate is 20% with 10% from

an employee and 10% from employer or 5% to 15% from an employee and employer, respectively.

These funds offer different kinds of benefits, short term and long term. Two of them, commuted
and monthly pension are used in this thesis. Commuted benefit is a part of pension converted as
the amount payable in the future stream to present value terms as a lump sum at retirement. The
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monthly benefit is the part of pension converted as regular monthly payments payable after retire-
ment on the condition of retiree survival. A member who attains the age fifty-five years may at any
time thereafter opt to retire but if he does not, he shall continue to be a member until he attains
the compulsory retirement age of sixty. The qualifying period for a member to receive pension is 15
years or 180 months of contributing provided a member has met other conditions set in the enabling
legislation of the respective fund and attained the retirement age. No early retirement benefit is
paid for mandatory defined pension funds. The current benefit formula was issued in 2014 by SSRA
and aims to offer a benefit of 25% of highest average final salary for all contributing months of ben-
eficiary at retirement and not less than 40% of the prescribed lowest sectorial minimum wage after
retirement. The authority may where necessary, set rates of indexation of members benefit to the

current level of earnings of contributors.

In 2015, pension funds investment had grown up to 7.8 trillion Tanzania shillings or approximately
to 31.4 million SEK . The Bank of Tanzania in consultation with SSRA issues guidelines regarding
pension funds investment activities. These guidelines prescribe limits for investments in various
asset categories to foster risk diversification and limit the excessive concentration of risk. The
recent social security schemes investment guidelines were issued by Bank of Tanzania in 2015.
Pension funds may invest in the following asset categories: fixed deposits, government securities,
corporate bonds, loans to the government, loans to corporate and cooperative societies, equities,
properties and licensed collective schemes. A pension fund may exceed these limits in the event of
an increase in the market price of assets, revaluation, bonus issues or transfer of investment from
one category to another provided that, no new investment shall be done for those categories until
such times, when the investments are restored to the limits prescribed in the guidelines. Such excess
should be reported immediately to Bank of Tanzania.
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Literature review

3.1 Stochastic programming

Stochastic programming is a mathematical approach which solves decision problems which involve
uncertain data. It was introduced by [13], [4] and others during the 1950’s. Stochastic programming
is an extension of linear and nonlinear programming to decision models where the coefficients are
not known at the time of making a decision. In this approach, unknown coefficients are treated
as random parameters with known probability distributions which are independent of the decision
taken.

There are several formulations of stochastic programming used in asset liability management for

pension funds. These are two-stage, multistage, and risk constrained stochastic programming.

3.1.1 Two-stage stochastic programming

In this formulation, the decision process is divided into two stages. A first stage which is a number of
decisions to be taken before the random realizations. Decisions taken after the random realizations
are called second stage decisions. Then, the process goes on by forming the sequence of decision up

to the horizon. The sequence of decisions are represented as

z = &(w) = y(w, x). (3.1)

A classical two-stage stochastic linear programming with recourse is the problem of finding
min z = ¢’ & + Ee[min g(w) y(w)] (3.2)
s.t. Az
T(w)z + Wy(w) = h(w),
x>0, y(w) >0.

A first stage decisions are represented by the n1 X 1 vector x. The first stage vectors and matrices
corresponding to = are ¢, b, and A. In the second stage a number of random realization w € €2 may
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be revealed. For a given realizations w, the second stage problem data ¢(w), h(w) and T'(w) become

known.

In [27], two-stage stochastic programming is used for asset liability management for a Malaysian

pension fund.

3.1.2 Multistage stochastic programming

In stochastic programming models, the uncertain data £, ..., &r is revealed gradually over time, in

T periods, and our decisions should be adapted to this process. The decision process has the form

decision (z1) ~ observation (£2) ~ decision (z2) ~ ...~ observation ({1) ~ decision (z7).

(3.3)

Reference to [43], at time ¢, a decision z; = (@1¢,...,Zne) is a function z; = x4 (E[t]) of available

information given by realization data £ = (£1...,&) of the data process up to time ¢. The
multistage stochastic programming problem is in the following form,

o gl?PZT E[fi(z1) + fa(w2(&2)), &) + - + fr (X7 (§1), E7)] (34)

s.t. (3.5)

x1 € x1,2¢(§p) € xe(@e—1(§pe—11), &)y t=1,...,T =1, (3.6)

where the set x1 C R" are deterministic at ¢ = 0 and set x; C R" are decision variables at

t=1,...,T—1.

Several recent studies have been conducted for asset liability management for pension funds using
multistage stochastic programming. Among these are, [1] and [23] for a Finnish insurance pension
company, [31] for a Dutch pension fund, [19] for a Austrian pension fund, and [18] for a Czech

pension funds.

3.1.3 Risk constrained

In this approach, the stochastic programming model incorporates risk constraints. The risk concerns
a loss or failing to reach a target due to decisions and realizations of the uncertain data. Two kinds of
risk constraint that used in asset liability management for pension funds by stochastic programming
are discussed. These are CVaR constraints and Integrated chance constraints.
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CVaR constraints

Conditional value at risk (CVaR) is a risk assessment technique often used to reduce the probability
that a portfolio will incur large losses. CVaR is also known as mean excess loss, mean shortfall,
tail Var, average value at risk, or expected shortfall. CVaR was created to serve as an expansion of
value at risk (VaR) and is a more consistent measure of risk than VaR.

Following [39] and [40], assume f(z,y) to be the loss associated with decision vector x, which be-
longs to a certain subset X of R™ and the random vector y in R™. The vector z is interpreted as
representing a portfolio, with X as the set of the available portfolios (subject to various constraints).

The vector y stands for the uncertainties, e.g., in market parameters, that can affect the loss.

For each z, the loss f(z,y) is a random variable having a distribution in R induced by that of y.
The underlying distribution of y in R™ which is assumed for convenience to have density, p(y). The

probability of loss function f(z,y) not exceeding a threshold « is given by
¥(z,a) = / p(y)dy. (3.7)
f(z,y)<o

As a function of « for fixed z, ¥(z, «) is the cumulative distribution function for the loss associated
with z. It determines the behavior of this random variable f(z,y) and is fundamental in defining

VAR and CVaR.

The f—VaR and f—CVaR values for the loss random variable associated with x and any specified
probability level 3, will be denoted by ag(z) and ¢g(x), and defined as

ag(z) = min{a € R: ¥U(z,a) > B} (3.8)

and

bp(x) = ﬁ flz, y)p(y)dy. (3.9)
flzy)<ag(x)
In equation 3.8, ag(x) comes as the left end point of the nonempty interval consisting of the values
a such that ¥U(z,a) = 8. In equation 3.9, the probability that f(z,y) > ag(z) is therefore equal
to 1 — 3. Then ¢g(x) becomes the conditional expectation of the loss associated with x relative to
that loss being ag(x) or greater.

The key to this approach is characterization of ag(z) and ¢g(z) in terms of a function Fg on X x R.

The function Fjp is convex and differentiable and defined as

B0 =t g [ (@)~ ol iy (3.10)
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where [t]T = ¢ when ¢ > 0 but [t]7 = 0 when ¢ < 0.

Furthermore, the integral in (3.10) of Fj can be approximated in various ways. For example, this
can be done by sampling the probability distribution of y according to its density p(y), such that
the sampling generates a collection of vectors y1,ya, .. .,yr. Then the corresponding approximation

to F/—} is

I
~ 1
Fs(z,a) =a+ — flz,y) —a]t. 3.11
b(a0) =t gy Slfes) el (3.11)
The expression 17}3 (z, @) is convex and piecewise linear with respect to . The important advantage
of using CVaR as a risk measure is that its structure does not destroy the linear structure of the
models. Also, it is a subadditive measure of risk [40].

Studies of asset liability management using CVaR constraints are [8] for a Dutch pension fund and

[2] for a Chinese pension fund.

Integrated chance constraints

Integrated chance constraints (ICC) was firstly introduced by Haneveld [20] and the concept based
on chance (probabilistic) constrained programming. ICC has advantages compared to chance con-
straints especially in wealth problems where the mean risk shortage is more appropriate than the
probability risk of shortage, as used in chance constraints. ICC gives convex optimization problems,
for all distribution of random coefficients involved.

As in [20] and [22], consider a linear program with random constraints,

min z = ¢’ (3.12)
s.t.

T(w)x = h(w),

r e X,

where X = {z € R%; Az = b} is shorthand for the usual deterministic constraints and nonegativity
restrictions. The m random constraints T; (w)x = h;(w), @ € I = {1,..,m}, represent different goals.
The aim is to satisfy each of these linear constraints. However, at the time where x needs to be
decided, the actual values of the matrix T (w) and right-hand side h(w) are not known, because
they depend on the underlying random vector w. Only probabilistic information on w is known, by

assumption that the distribution of w is given.

Consider the deviation 7;(z,w) = Ti(w)x — hi(w), i € I with surpluses 7;(x, w)™ = maz{0,n;(z,w)}
and shortages 7n;(z,w)” = maz{0,—n;(z,w)}. If the random constraints in (3.12) are replaced
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by chance constraints, then it is assumed that surplus is accepted but the shortage is restricted.

Individual chance constraint is

P{ni(z,w)” >0} <as, i€l (3.13)
and a joint chance constraints is
P{méi]x(m(a:,w)f) >0} <, (3.14)

where «; and « are risk parameters. Interpretation of chance constraints is that a solution =z € X

is feasible only if it is not too risky.

In particular, the penalty cost or, more generally, the recourse approach is based on a quantitative
risk concept, whereas chance constraints are defined in terms of qualitative risk concept. Hence the

alternative quantitative risk measure to traditional chance constraints is ICC defined as
Eufni(z,w)”] < Bi, Bi 20, (3.15)
corresponding to individual chance constraint, and
Elmax(ni(z,w)”)] < 8, >0, (3.16)

as an alternative to joint chance constraint. The risk aversion parameters 3; and 3 represent the

largest acceptable expected shortfall to be specified by the decision maker.

The name integrated chance constraints refers to the fact that, due to partial integration with

F,, (7; x) the distribution function of n;(w, z),

Eo[i(z,0)7] = / —rdFy, (r;)

—oo

—7Fy, (1;2) } / F,, (1;2)

_ / Y P{m(r.w) < 7). (3.17)

Some recent studies in this area are [21] for a Dutch pension funds and [27] for a Malaysian pension
fund.

3.2 Scenario tree

Stochastic programming always describes uncertain parameters using a scenario tree [37]. The
scenario tree is a tree that branches off every random variable & in each stage t. This approach
requires finite discrete distributions. Consider Figure 3.1 with time horizon T = 3, 6 scenarios and
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10 nodes. Each scenario s = s1, s2, s3, S4, S5, S¢ begins from the same node n; at stage 1, and ends
at a leaf node at the horizon. The branches emanating from a node represent the realizations of a
random event at that stage. The process continues until the end of the time horizon so that each
scenario is the complete path from the initial node up to the leaf node. Each scenario is associated

by a probability p(w).

- <

~

(ne) ;) (ne)(ms) (nag 7=3

S1 Sy S3 S4 Sy Se

Figure 3.1: Scenario tree for 3 stages, 6 scenarios and 10 nodes

The basic concepts of scenario trees are structure, the horizon, a stage, and the method of generating

the scenario tree.

3.2.1 Structure

There is no theoretical rule for the structure of a scenario tree [17]. Everyone chooses according
to the nature of the problem, with regulations and rules considering no arbitrage properties. In
[19], it is commented that using only a few branches and fitting distributions across all nodes may
induce (unintended) serial correlation between stages. This problem may be avoided by using many



3.2 Scenario tree 21

branches. In [13], it is remarked that a set of 5000 scenarios has proven to be adequate for investors
interested in standard risk-reward analysis, such as efficient frontier. The important thing is the
computational limitation and available computer software, since the exponential growth of the tree

may cause computational intractability.

3.2.2 Time horizon

The time horizon is the whole interval of the decision process, t = 1,...,T. The decision pro-
cess can go up to time T or T'— 1. The stage lengths are not necessarily equal, and for a chosen
time horizon, the crucial step is to relate the time instants and stages. Some recommendation is
common for financial applications, e.g., accept unequal lengths of the period between subsequent
stages, starting with a short first period. The main limitations on the number of stages are due to
numerical tractability [17].

The planning horizon for most pension fund stretches out for decades, as a result of the long
commitment to pay a benefit to retirees. For most researchers, the horizon is guided by the nature
of the fund (policies and regulations) and available data [18]. In other cases, horizons are obtained
by application of heuristic rules and/or experience, taking into account limitations due to numerical
intractability [17].

3.2.3 Stage

Basic concepts for stochastic programming is decision stages t, where ¢t goes up to the time horizon
T. The stage is the time point at which the decision is taken. The first stage decisions consist of all
decisions that have to be selected before further information is revealed whereas the second stage
decisions are allowed to adapt to this information, and so forth. Stages do not necessarily refer to
the time periods but they correspond to steps in the decision process.

3.2.4 Method

The performance of a stochastic programming model depends on the scenario generation method.
There are several methods used in asset liability management for pension funds by stochastic pro-

gramming.

Moment Matching

This method was introduced by Hgyland and Wallace in [25] and [24]. Moment matching is a
generic estimation technique, whereby we do not assume knowledge of a random variable’s proba-
bility distribution function. A method based on non-linear programming. It is used to generate a
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limited number of discrete outcomes that satisfy specified statistical properties. Users are free to
specify any statistical properties they find relevant, and the method can handle inconsistencies in
the specifications. The basic idea is to minimize some measure of distance between the statistical

properties of the generated outcomes and the specified properties.

Let S be the set of all specified statistical properties, and Sy ar, be the specified value of statistical
property ¢ in S. Moreover, let I be the number of random variables, M is the matrix of zeros and
ones, p is the probability vector, x is the outcome vector, and w; is the weight of statistical property.
The mathematical expression f;(z,p) for statistical property 4 in S is generally described by the

equation

Igiglzwi(fi(xyp) - SVall)2v

i€S
> pM =1, (3.18)

p=>0,

which minimizes the distance between the statistical properties of the constructed distribution and
the specification, subject to constraints defining the probabilities to be nonnegative and to sum up

to one.

In [31], scenario generation methods are developed and tested. The tree fitting method based on
Hgyland and Wallace in [25] slightly outperform the random sampling and adjusted random sam-
pling. In [18], they apply the moment fitting method of Hgyland and Wallace in [24] to create a
scenario tree for returns of the considered assets classes. The procedure is based on goal program-
ming ideas where weighted squares of distances between the required values of moments of assets
returns (e.g., mean, variance, skewness and kurtosis of the marginal probability distributions and
both the in- and inter-stage correlations) and moments computed for the approximating discrete

probability distribution are minimized.

In [19], the Innovest for Austrian pension fund financial planning model in InnoALM is developed.
The scenarios in InnoALM are defined in terms of the distribution of asset returns and their first
and second order moments. The latter can be prespecified by the user or estimated from the built
in database of historical returns.

Sampling Methods

A commonly used technique in generating discrete samples from a continuous distribution is to
use Monte Carlo sampling where uniformly distributed pseudo-random numbers are appropriately
transformed to the target distribution. However, in asset liability management applications, we can
computationally only afford a small sample size and inevitably face the sampling error problem.
In [23], Monte Carlo sampling methods based on [12] is used to solve a stochastic programming
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model for a Finnish pension company. They compared optimal values obtained by a Monte Carlo
sampling and Sobol sequence which is a special case of Quasi Monte Carlo sampling method. The
optimal value obtained by using Sobol converges faster than the optimal value obtained by using
Monte Carlo sampling. This is due to the reason that Quasi Monte Carlo sampling methods have

very good convergence properties. Monte Carlo based methods are in detail discussed in [12]

In [31], random sampling and adjusted random sampling methods were considered. The result-
ing scenario tree are used to solve an asset liability management model for a Dutch pension fund.
Stochastic parameters are estimated by a vector autoregressive time series model. Random sampling

method based on sampling from the error distribution of the estimated vector autoregressive model.

Adjusted random sampling method modifies a random sampling by matching the moments of an
assumed underlying distribution. An adjusted random sampling method based on antithetic sam-
pling in order to fit every odd moment of the underlying distribution of the stochastic parameters by
assuming an even number of the underlying distribution of the stochastic parameters by assuming
an even number of clusters in the scenario tree. In [31], it is commented that adjusted random
sampling method can improve outcomes relative to the using of random samples alone. Adjusted

random sampling method is based on the work by [10].

Other method

CAP:Link is a stochastic economic projection model. This model is used to generate economic
factors and asset returns via a set of representative scenarios. Each scenario depicts a coherent
set of outcomes. The projection span a long-run horizon of 10 to 40 years. Risks and rewards for
alternative investment strategies are determined via dynamic asset and liability allocation over the
scenarios [34]. CAP:Link was used to solve an asset and liability management system for Towers
Perrin-Tillinghast company [35].
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Concluding Remarks

This chapter gives the summary and conclusion of the thesis and future research.

4.1 Summary

Our problem is for a pay-as-you-go defined benefit Tanzania pension fund. The fund gives a final

salary defined benefit.

e In paper 1: Even though several reforms have been taken by the Government to improve the
sector, still it will not be sustainable in a long future. Evaluation of some suggested reforms

show that they cannot guarantee a long-term sustainability.

On the other hand, by considering investments of assets which give higher returns, the study
shows that the asset value can be increased towards liabilities. But contributions can still

not cover benefit payouts.

e In paper 2: Two stochastic programming models for Tanzania pension funds are built using
the existing regulations and policies, according to current and modified investment guidelines.
The asset categories used are Government security, real estate, loans and fixed deposits with

their corresponding returns from NSSF.

It is shown that, as the old age population increases too much in relation to the number of
contributing members, the pension payments exceed the contributions, and the asset value
are used to pay benefits instead of investing for covering future liabilities. Our study suggests
that in order to improve the long-term sustainability of the Tanzania pension fund system,
it is necessary to make reforms concerning contribution rate and investment guidelines. Also
the authority should formulate condition for the solvency of funds. This must be done by
setting the higher goals that will make the fund to improve their performance and maintaining

sustainability.
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4.2 Future research

e From paper 1: The projections with different assumptions about life expectancy and pop-
ulation growth, to see how stable the conclusions are. Also, reforms of the system will be
studied. The shifting of the system from pay-as-you-go defined benefit to pay-as-you-go de-
fined contribution will be analyzed with reference to other countries which have reformed

their systems.

e From paper 2: Other forms of stochastic programming will be studied. The model will be
improved by considering other scenario generation methods. Real data of status of members
of pension funds will be used. The study will also include other variables used by Tanzania

pension funds, e.g., administrative cost.
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