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Towers Perrin-Tillinghast employs a stochastic asset-and-
liability management system for helping its pension plan and
insurance clients understand the risks and opportunities re-
lated to capital market investments and other major decisions.
The system has three major components: (1) a stochastic sce-
nario generator (CAP:Link); (2) a nonlinear optimization simu-
lation model (OPT:Link); and (3) a flexible liability- and
financial-reporting module (FIN:Link). Each part improves
over existing technology as compared with traditional actuar-
ial approaches. The integrated investment system links asset
risks to liabilities so that company goals are best achieved. For
example, US WEST saved $450 to $1,000 million in opportu-
nity costs in its pension plan by following the advice of the
asset-and-liability system.

Towers Perrin is the largest employer
of actuaries in the world (850 actuar-

ies) with over 8,000 total employees, of-
fices in 69 countries, and well over $1 bil-
lion in annual revenues. The company
provides information and consulting ser-
vices concerning benefits to 10,000 na-

tional and international clients, including
379 of the world’s largest companies, and
799 of the Fortune 1,000 companies. A pri-
mary emphasis is pension plans. In addi-
tion, the Tillinghast subsidiary supports
the insurance industry throughout the
world. The Tillinghast actuarial system
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(TAS) is used by over 40 percent of life-
insurance companies in the US.

Towers Perrin-Tillinghast employs a
suite of stochastic financial-planning mod-
els to provide guidance to managers of
pension plans and insurance companies.
The system simulates asset-and-liability
decisions across a long-term, multiperiod
planning horizon—typically five to 15
years. The system has been under devel-
opment since 1991 and is now employed
in over 16 countries, mostly European and
English-speaking countries. It is the most
extensive global investment system for ac-
tuarial studies; its distinguishing features
result from a collaborative eight-year ef-
fort between an operations researcher
(Mulvey) and Towers Perrin’s worldwide
consulting staff.

The asset-and-liability management
(ALM) system applies to two major do-
mains: (1) designing and managing pen-
sion plans, and (2) integrated financial risk
management for insurance companies. In
both cases, the system simulates an asset
policy with liability decisions to maximize
the company’s wealth or pension-plan sur-
plus, while maintaining a safe level of
operations. The optimization module se-
lects the best dynamic policies for the in-
surance company or the pension plan.

For defined-benefit pension plans, the
primary goals are to design the plan and
to manage the pension surplus so that the
company will meet its obligations to its
employees, to minimize the company’s
contribution over time, and to maximize
the growth in the plan’s surplus.

For insurance companies, the three pri-
mary goals are to help the insurance com-
panies to provide insurance products at a

fair price to individuals and corporations,
to generate reasonable profit for share-
holders (or dividends for mutual compa-
nies), and to maintain capital adequacy
and risk management so that the company
remains solvent in the long run.

Evaluating pension plans and insurance
companies is complicated because of the
long time horizons, the number of parties
with diverse interests who are affected,
and extensive government regulations. In
most developed countries, regulations re-
quire an annual actuarial analysis. Actuar-
ies evaluate the soundness of a pension
plan or an insurance company and can re-
quire cash contributions from the com-
pany for a pension plan in deficit or from
stockholders or outside investors for an
undercapitalized insurance company. Such
contributions (or their absence) can have a
major impact on a company’s profits or
losses. For example, several aerospace
companies have improved their profits by
40 percent over the past five years through
improved pension management. The actu-
arial profession closely monitors its mem-
bers and certifies them through periodic
tests, educational requirements, and other
means.

The Towers Perrin stochastic investment
system is employed widely. Several hun-
dred large US and international companies
run the system for pension plans, approxi-
mately 40 percent of US life insurance
companies use the related Tillinghast TAS
system, and Tillinghast has a major pres-
ence in property-casualty insurance. Mul-
tinational companies, such as Unilever and
IBM-Europe, employ the global system for
modeling their worldwide pension plans
on a consistent basis.



MULVEY ET AL.

INTERFACES 30:1 98

In this paper, we discuss the nature of
pension planning and integrated financial
planning. We focus on pension-plan appli-
cations in order to limit the discussion.
Mulvey, Correnti, and Lummis [1997] dis-
cuss a related model in the insurance in-
dustry. Insurance models possess a struc-
ture similar to pension plans, but they
include many additional variables and
constraints due to the complexity of inte-
grating a large financial organization.
Modeling Framework

The Towers Perrin investment system
simulates asset-allocation policy in con-
junction with liability decisions over a
multiyear planning horizon. Integrating
assets and liability decisions helps the
company achieve its goals. The system has
three major elements: a stochastic scenario
generator, a decision-rule or policy simu-
lator, and an optimization module (Figure
1). The first two elements form the corpo-
rate (or pension-plan) simulation module
and are deployed before the optimization
algorithm searches for the best compro-
mise policy given the relevant business,
policy, and regulatory constraints. In ef-
fect, the optimization runs the simulation
by identifying decision strategies that best
fit the proposed objective function over a
multiperiod planning horizon. For exam-
ple, we will make recommendations about
the optimal dynamic investment rules for
stocks, bonds, cash, and pension contribu-
tion over differing economic
environments.

Three features distinguish the Towers
Perrin approach, as compared with such
alternatives as the Frank Russell system
[Cariño et al. 1994]: (1) its reliance on a
core set of structural economic factors for

driving both asset returns and liability
movements, (2) a set of policy rules that
underlie the decision-making processes,
and (3) a full actuarial analysis of pension
design and cash-flow liabilities for each
economic scenario.

The core economic factors link assets
and liabilities. For example, interest-rate
changes affect asset returns and the pres-
ent value of liability cash flows. We use a
set of structural stochastic differential
equations to model the economic factors.
While this approach complicates calibrat-
ing the model parameters [Mulvey, Morin,
and Pauling 1999], we believe that a struc-
tural model depicts the relationships be-
tween assets and liabilities better than sim-
pler methods, such as those relying on a
covariance or vector autocorrelation ma-
trix for asset returns.

We apply a set of policy rules. The
model recommendations are seen by
pension-plan administrators, beneficiaries,
employees, regulators, and other inter-
ested parties. Policy rules provide intui-
tion regarding the recommendations and
allow for extensive sensitivity analysis.

Figure 1: The three elements of asset-and-
liability modeling must be consistently linked
to a set of core economic factors. The stochas-
tic model determines values for the economic
factors prior to analyzing the decision poli-
cies.
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Figure 2: Within a scenario tree for modeling
uncertainties, the decisions are made at each
node of the tree depending upon current in-
formation.

Pension plans have grown in complex-
ity. There are many choices in plan design.
For example, traditional defined-benefit
and defined-contribution plans are now
supplemented by cash-balance and related
hybrid plans. A cash-balance plan is a por-
table pension (meaning that employees
can transfer their balance to another com-
pany) that accumulates each year by a
credited amount. Each employee’s plan
gains in value by a certain percentage of
salary plus a credit for money already in
the plan. The company sets its own asset
allocation but is required to fund the cash
balances of each employee upon termina-
tion. The credited amounts can be con-
strained by caps and floors (minimum and
maximum). Actuaries are particularly
suited to assisting companies to choose a
benefit program that fits its needs.
ALM System Variables and Equations

The ALM investment system consists of
t � {0,1,2,3, . . .,T} time stages. The first
stage represents the current date. The end
of the planning period, T, is called the
planning horizon. Typically, for a pension
plan, we aim for a long-term horizon—
five to 15 years in the future with quar-
terly or annual time steps. We generate a
set of s � {1,2,3, . . .,S} scenarios for the fu-
ture course of the economy, the capital
markets, and other uncertainties. Stochas-
tic scenarios can be depicted by means of
a scenario tree diagram (Figure 2). In such
a tree, at each node, the system renders
decisions regarding the asset mix, the
amount of payments to pension beneficiar-
ies, and possible cash contribution. A com-
plete path in the scenario tree equates
with a single scenario s � {S} (Appendix).

At the beginning of each period and for

each scenario, the investment system ren-
ders policy decisions regarding the asset
mix, liability values, and establishing and
achieving goals. Between time steps, un-
certainties take over. For example, interest
rates might increase because of an increase
in inflation, and the bond and stock mar-
kets might react in a negative manner. We
use a system of stochastic differential
equations to model all stochastic parame-
ters over time. These relate a set of key
economic factors to the other components,
such as asset-and-liability returns [Mulvey
1996, and Mulvey and Thorlacius 1998].

For a pension plan, the primary decision
variables designate asset proportions,
liability-related decisions, and pension
payments:

investment in asset j, time t, scenario s.sx :j,t

liability payment k, time t, scenario s.sy :k,t

contribution l, time t, scenario s.su :l,t

The pension-plan surplus is calculated
in two ways. For determining regulatory
contribution, we assume that current and
retired employees define the target popu-
lation. For this group, we calculate the
amount of money needed to satisfy a legal
definition of a pension surplus. Cash flows
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are calculated by actuaries who estimate
the life spans of employees, their salaries
at retirement dates, and myriad other fac-
tors. We omit these details. This approach
goes by the title—accumulated benefit ob-
ligations (ABO). A second approach for
determining a surplus is to assume that
the company will continue to exist over
time, adding new employees while others
resign, retire, and so forth. This method
requires additional assumptions regarding
the company’s future; the resulting sur-
plus is determined by the projected benefit
obligations (PBO) method. These calcula-
tions provide a more robust definition of
the company’s ability to meet its future
goals. However, the ABO is appropriate
for determining company contribution.

In either case, the estimated cash flows
(for future pensioners) are discounted at
an appropriate rate to derive the plan’s
surplus: The surplus is the market value of
assets minus the market value of liability
cash flows. For most assets, we can readily
discover market value, say, by checking
the current price in a newspaper. How-
ever, for pension liabilities and private
market assets, we must estimate the fair
value. Typically, this requires discounting
cash flows by an appropriate discount
rate. For pension benefits, typical US regu-
lations require discounting at an
investment-grade corporate bond rate.
Thus, interest rates are critical; the full
yield curve must be modeled in a consis-
tent fashion (Appendix).

At each time period, t, the ALM model
maximizes an objective function, f(x), by
moving money between asset categories,
making distributions to the beneficiaries,
and contributing cash to the pension plan.

There are numerous candidates for the ob-
jective function. In addition, we impose
constraints on the process, for example, by
limiting the stock-asset ratio, addressing
transactions costs whenever assets are
bought or sold, and taking advantage of
investment opportunities. Our goal is to
find a feasible decision policy that maxi-
mizes a temporal objective function. Since
we are dealing with temporal uncertainty,
the optimal solution, like all feasible solu-
tions, encompasses a set of paths or trajec-
tories for the pension-plan surplus across
each of the scenarios. To give an idea of
the model’s structure, we list two basic
equations for the flow of funds: Equation
(1) for the jth asset category:

s s sx � (x � r ) � pj,t�1 j,t j,t j,t

s� q (1 � t ) (1)j,t j

for asset j, time t, scenario s,
where � return for asset j, time t,srj,t

scenario s,
� sales of asset j, time t,spj,t
scenario s,
� purchase of asset j, time t,sqj,t
scenario s,
tj � transaction costs for asset j, and

Equation (2) for the cash flows:

s s sx � (x � r ) � ql,t�l l,t l,s � j,t
j

s s� p (1 � t ) � y� j,t j � k,t
j k

s� u . (2)� l,t
l

The model avoids looking into the fu-
ture in an inappropriate fashion. To pre-
vent this, we add special constraints called
nonanticipatory conditions. The general
form of the constraints is � fors1 s2x xj,t j,t
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all scenarios s1 and s2 that inherent a com-
mon past up to time t. In words, scenarios
that share a common path will have non-
anticipatory constraints for variables oc-
curring on the shared path. Any financial-
planning system must address these
conditions, either explicitly or implicitly.
Special purpose algorithms are available
for solving the resulting convex or non-
convex optimization model [Ziemba and
Mulvey 1998].
Pension-Planning Objectives

A major element of asset-and-liability
management is to trade off risks and re-
wards at various temporal junctures. It is
natural to expect that investments possess-
ing volatility will generate greater ex-
pected returns over time than assets with
lower levels of volatility. The temporal is-
sue complicates the decision process since
long-term horizons provide a cushion to
recoup losses; thus volatile assets may be,
in fact, safer in terms of contextual risks
than less volatile assets. An example is the
stock-cash comparison: stocks provide
higher expected returns but are more vola-
tile than cash. We must consider the time
horizon when measuring contextual risks,
that is, the chances of meeting the inves-
tor’s goals. An integrated ALM system
provides an ideal method for understand-
ing the temporal risk-reward trade-offs
and for evaluating the probability of meet-
ing company goals.

There are many metrics for financial
risks, just as there are alternative measures
of profitability or return. For an insurance
company, we might consider the chance of
a loss over the next year. Or we might set
a profitability target and evaluate the
probability of missing the target. In both

cases, risk increases as a function of proba-
bility. An improved alternative for evalu-
ating risks for an insurance company is to
estimate the entire probability distribution
of shareholders equity at each time period,
along with other measures of financial
well-being. In the case of a pension plan,
we measure the discounted contribution
and the plan’s surplus at the end of the
planning horizon.

Typically, we equate reward with ex-
pected value. We have particular interest
in the pension plan’s surplus at the
horizon:

sExpected surplus � p * z ,� s
s�S

where ps is the probability of scenario s, zs

is the pension surplus under scenario s,
time T, and S is a set of representative sce-
narios. We are interested in risk at the ho-
rizon and include a number of alternative
measures, including semi-variance, down-
side risks, and surplus variance. In addi-
tion, we can show the trajectory paths for
the pension plan under any of the gener-
ated scenarios.
Policy Rules

As a distinguishing feature, the Towers
Perrin system establishes a set of policy
rules for managing investments, liability
payments, and pension contributions. We
define a policy rule as a specified formula
or set of rules for all the decisions—as a
function of the state of the world—at each
time period and scenario. As a simple ex-
ample, we might put a fixed proportion
(say 70 percent) of the pension surplus into
an S&P500 index fund with the remaining
assets assigned to a fixed-income bond
portfolio that mimics the pension liabili-
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ties. Thus at each time period, the system
must calculate pension surplus based on
discounted cash-flow projections, deter-
mine the excess of assets over market
value of liabilities, and rebalance the in-
vestment portfolio to achieve the desired
target ratios. We call this particular policy
rule fixed proportional surplus (FPS). Nu-
merous alternative policy rules are avail-
able for testing.

The optimization module compares pol-
icy rules and determines the best combina-
tion of rules and parameter settings. For
example, in the FPS rule the parameter de-
fining equity proportion will be found via
optimization. Policy optimization provides
a natural approach for analyzing long-
term investment problems. The rules can
be as complex as the investor likes. Policy
rules satisfy the nonanticipatory con-
straints in an implicit sense. In addition,
the approach simplifies the stochastic pro-
gramming model since it reduces the
number of decision variables over tree-
based stochastic programming methods
and it can readily parallelize the optimiza-
tion problem. In addition, senior managers
can readily grasp policy rules. As a disad-
vantage, the resulting model is likely to be
nonconvex.
Pension Planning Examples

A defined-benefit pension plan for a
large US company encompasses issues
that affect a range of stakeholders. The
company must set its benefit policy so that
both retired and working employees are
properly compensated and fairly treated.
The terms properly and fairly are subject
to alternative interpretations. The invest-
ment policy must consider the long-term
nature of the planning horizon. At the

same time, pension planners must satisfy
the prudent-man rule. The company must
follow numerous regulations scrupu-
lously—government, tax, accounting, and
so forth. Clearly, there are a variety of per-
spectives on the risk-reward trade-offs.

To address these issues, Towers Perrin
developed the Retirement Plan Financial
Management approach. It combines an as-
sessment of the plan liabilities and assets
to help determine benefit, funding, invest-
ment, and accounting policies that are
consistent with a company’s overall goals.
This methodology applies to all compo-
nents of a company’s retirement pro-
gram—including pension, savings, and re-
tiree benefits. Some of the key financial
measures that are typically included in a
company’s statement of objectives are:
—Future cash-contribution requirements;
—Long-term portfolio return relative to
interest-crediting rates (for cash-balance
plans);
—Possible reductions to shareholder
equity;
—Recovery of plan costs in rates (for regu-
lated companies);
—Future cash-flow needs for benefit
payments;
—Funded status; and
—Financial expense.

A pension-plan design should address
the four areas—benefit design, funding
policy, investment strategy, and account-
ing policy—that affect the company’s fi-
nancial health as measured by the state-
ment of objectives. These financial “levers”
link together and link to the company’s
broader business objectives (Figure 3).
Benefit design includes the types of plans

utilized and the level of benefits each plan
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Figure 3: The four elements of pension-plan
design should together fit the company’s
goals. Each element should assist in achieving
the company’s business objectives.

provides.
The funding policy covers the amount of

capital the company contributes in ad-
vance to support promised benefits.

The investment strategy controls the in-
vestment of the capital allocated by the
funding policy.

The accounting policy recognizes the an-
nual corporate expenses and balance-sheet
reserves.

A fundamental objective is to minimize
or at least manage cash contributions, fi-
nancial expense, or otherwise-defined fi-
nancial risk using these levers. Adopting a
systematic process helps the company ful-
fill its financial duties to shareholders and
its fiduciary duties under its regulatory
guidelines, such as the Employee Retire-
ment Income Stability Act (ERISA). Re-
cently, our clients have used the financial-
management process to:
—Shape funding requirements to reduce
excessive funding requirements in any sin-
gle year;
—Evaluate the need to cap the interest
crediting rate in a new cash balance plan;
—Determine the optimal asset allocation
aimed at maximizing return on the plan’s

surplus;
—Develop funding, accounting, and in-
vestment policies to minimize the proba-
bility of future reductions in shareholder
equity;
—Determine the financial and cash-flow
impact of offering lump sums to pension-
plan participants at retirement;
—Shape the financial-expense patterns to
compress spikes and reduce year-to-year
volatility; and
—Analyze the probable impacts on the
financial statement of actuarial
assumptions.

The following three real-world case
studies contain details that are similar to
many pension plans.
Example A

Company A’s retirement plan has been
fully funded for many years. As a result, it
has not made cash contributions in recent
memory. Because of several acquisitions,
the retirement plan will likely no longer
be fully funding in a few years. In fact, a
simple deterministic forecast projected
that a cash contribution in excess of $60
million would be required in the year
2000. While the company accepted the fact
that it would have to contribute cash, it
wanted to minimize the probability that it
would have to contribute more than $60
million in any single year of the next five.

Following our analysis, the company
adopted a new funding policy to shape its
future cash contributions. The new policy
reduced the probability that the cash con-
tribution would exceed $60 million in any
of the next five years from 58 percent to 18
percent. The new funding policy included
two key changes from the current policy:
the asset-smoothing method was reset so
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that investment gains during the past few
years could be recognized more quickly,
and the company committed to an annual
contribution of three percent of payroll.
We considered changing the investment
strategy. However, our analysis showed
that while this offers a long-term solution,
changing the allocation to a more aggres-
sive portfolio mix would not significantly
affect results during the company’s five-
year time horizon. Thus, the accounting
change fit the company’s needs (Figure 4).
Example B

Company B adopted a cash-balance
plan with a contribution credit of five per-
cent of pay, plus interest credits on the ac-
count balance equal to the return on one-
year Treasury bills plus one percent.
Company B was concerned that during a
period of high inflation, the interest-
crediting rate would exceed the actual re-
turn on the trust assets, causing the plan’s
funded status (surplus) to decline. Thus,
the company wanted to estimate the im-
plications of applying a cap on the annual
interest-crediting rate.

After our review, the company decided
not to adopt a cap for the following rea-
sons: Over the long-term there was only a
small risk that the interest-crediting rate
would exceed the actual return on the
trust assets. A cap would do little to fur-
ther reduce this risk. A cap would detract
from the employee-perceived value of the
cash-balance plan, especially in years that
the cap applied (Figure 5).
Example C

Company C converted its traditional
pension plan to a cash-balance plan and
wished to reevaluate its asset allocation.
The company’s two key financial objec-

tives were to maximize the plan’s surplus
and to minimize the risk that the funded
status would fall below 100 percent over
the next five years.

A common approach would be to deter-
mine the asset-allocation strategy by opti-
mizing the expected return on the plan’s
portfolio of assets relative to the standard
deviation of portfolio return (Figure 6).

Figure 4: The range of cash contribution de-
pends upon the resolution of the uncertainties
and the investment policy over the planning
horizon. The current policies for Company A
provide a wider range of outcomes than the
recommended policies.
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However, because a plan’s assets and
liabilities are both affected by common
economic variables, an asset-only ap-
proach is inappropriate. Instead, we em-
ploy the surplus efficient-frontier optimi-
zation tool. It defines risk and reward in
terms of the plan’s surplus value. Com-
pany C defined risk as the likelihood of
falling below 100-percent funded, and it
defined reward as the expected funded
status. A comparison of the asset mixes
identified on the asset-only efficient fron-
tier with the surplus frontier for Company
C showed that the asset-only optimal solu-
tion lies off the efficient frontier and is

dominated by other solutions on the
surplus-efficient frontier (Figure 7). Al-
though the company’s current mix is effi-
cient relative to the asset-only frontier, it is
inefficient relative to Company C’s stated
objectives (Table 1). The company adopted
the recommended asset allocation.
Operations Research Contributions

The Towers Perrin project’s success can
be attributed to innovations based on
operations research methods. Four areas
have benefited from interactions among
the team of operations researchers, econo-
metricians, and financial actuaries.
Solution of Nonconvex Optimization

Figure 5: Adding a cap to the pension plan will have little impact on Company B’s financial
health. It will detract from the perceived value of the plan to the participants.
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The policy-optimization framework
gives rise to nonconvex programs [Ziemba
and Mulvey 1998]. This property hinders
the search for optimal solutions to stochas-
tic financial-planning models over multi-
period horizons. Most multiperiod
financial-decision and policy rules lead to
nonconvex nonlinear programs. To ad-
dress this issue, the integrated system
starts the search with a carefully chosen
set of points, near to the top of the effi-
cient frontier. It finds subsequent points
by moving down the efficient frontier
while satisfying the linear constraints.
These heuristic methods have proven ef-
fective in practice for many of Towers Per-
rin’s clients.
Calibration of Stochastic Equations via
Nonlinear Optimal Fitting

An essential element of any planning
system is parameter settings. For instance,
the mean reversion parameter for interest
rates has an impact on the average level of
returns for fixed-income assets (Appen-
dix). We address the issue from several
standpoints. First, there should be a con-
nection between historical results and the
overall pattern of the generated scenarios.
The distribution of equity returns, for in-
stance, should be compared with the cu-
mulative distribution over history. Major
discrepancies should be reviewed and ac-
cepted or rejected based on the actuaries’
judgment. In general, the Towers Perrin
model fits summary statistics, such as var-
iances, covariances, autocorrelations,
cross-correlations, and the interquartile
ranges. These values provide indicators of
the overall volatility and interrelationship
of markets over the planning period.

The actuaries and economists input criti-

cal sets of statistics directly into the model.
These parameters set general trends and
averages. For instance, the growth in eq-
uity earnings is determined by expert
judgment in each country. Certainly, the
actuaries must account for past perfor-
mance when they fix these values. But
they must be able to take a stand when
they are convinced that historical averages
must be modified.

The total parameter-setting exercise
combines the judgment of the actuaries
and economists with a formal calibration
tool. The tool fits historical patterns of
summary statistics, while meeting the tar-
gets set by the econometric staff as closely
as possible. The optimal fitting program
requires a nonconvex optimization solver
and a routine for running CAP:Link
[Mulvey, Morin, and Pauling 1999].
Operations researchers have much to offer
in the calibration of structural stochastic
forecasting models.
Constructing Representative Scenarios

The scenario set must represent a rea-

Figure 6: The asset-only efficient frontier
shows the optimal combination of risk and re-
ward for the pension-plan assets. Company
C’s current policy (diamond) lies on the asset
efficient frontier.
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sonable range of outcomes, depending
upon the investor’s needs. We minimize
the number of scenarios by employing
variance-reduction methods including
antithetic variables. In addition, we can
evaluate the model’s recommendations by
running these through a process that we
call stratified filtered search [Ziemba and
Mulvey 1998]. Here, the goal is to generate
a series of scenarios that minimizes the
sampling errors and maximizes confidence
in the resulting efficient frontier and asset
allocation.

A second issue is the errors that arise in
sampling scenarios within the optimiza-
tion module. We address this issue by ad-
justing the number of scenarios sampled
depending upon the investor’s needs. In

many cases, a set of 500 scenarios has
proven adequate for investors interested
in standard risk-reward analysis, such as
surplus efficient frontiers. Additional sce-
narios can be generated as needed when
there is particular interest in rare events.
For instance, the Tillinghast property casu-
alty system requires a large number of sce-
narios (over 10,000) due to its emphasis on
rare catastrophes arising from large hurri-
canes and earthquakes.

To validate the model, we spend a great
deal of time evaluating scenarios for rea-
sonableness. We often look at individual
scenarios to understand the connection be-
tween variables, for example, the level of
interest rates and the accompanying level
of inflation (Figure 8). Although interest

Figure 7: The surplus efficient frontier shows the optimal combination of risk and reward for
the pension-plan surplus. Company C’s current policies are inefficient with respect to its sur-
plus.
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Asset Only Recommended

Large cap US equity 35% 55%
Small cap US equity 15 10
International equity 15 15
Corporate bonds 35 0
20-year Treasuries 0 20
Total 100% 100%

Table 1. The surplus-optimal investment mix (recommended) is better than the asset-only solu-
tion since it achieves the company’s goals with less risk.

rates increase over the period 1997 to 2005,
the real rate of interest—interest rate mi-
nus inflation—decreases during this pe-
riod, until eventually, long interest rates
spike in 2005, causing real interest rates to
increase. The high level of real rates then
pushes down inflation and interest rates
follow. Patterns of this type are judged
reasonable by the economic staff. The
ALM system possesses interactive features
that allow users to easily see connections
between any sets of variables.
Systematic Stress Testing

While economic theory can help actuar-
ies in setting valid assumptions, no guid-
ing laws govern the future state of the
world’s economy. Thus, unlike engineers
who depend upon physical laws, financial
engineers must take extra care when fol-
lowing the recommendations of financial-
planning systems. In this environment, we
employ a proprietary stress-testing proce-
dure. The method filters scenarios that fit
specified patterns.
US WEST Application

US WEST has increased its pension sur-
plus by $450 to $1,000 million over alter-
native strategies based on running the
financial-planning system. This client has
a large pension portfolio, over $12 billion
(1997), with a ratio of assets to liabilities
equal to 150 percent, and a plan covering

106,000 participants. The company em-
ploys the ALM system regularly to under-
stand the impact of possible changes in
the investment mix and to explore modifi-
cations to the pension-plan design.

During the fall 1997, Towers Perrin, in
conjunction with US WEST, employed its
stress-testing procedure. In addition to
standard analyses, US WEST pays close at-
tention to factors that could decrease its
current ample surplus. It wants to con-
tinue participating in the upside of the
strong US equity markets but is concerned
about protecting its surplus from unpleas-
ant surprises.

We developed a systematic approach for
identifying scenarios that lead to poor per-
formance across the planning horizon of
10 years. Once we locate the cause of the
scenarios, we set up the CAP:Link system
to filter scenarios that fit a set of descrip-
tors. For example, a combination of drop-
ping equity markets and falling interest
rates is the most devastating for a pension
plan. We create a set of scenarios that ful-
fils this requirement. In 1997, we gener-
ated four sets of 500 scenarios: (1) normal
conditions; (2) equity market crash, that is,
a two-year equity dropping at least 10 per-
cent per year; (3) an equity bear market,
that is, compound equity returns less than
three percent over the next 10 years; and
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Figure 8: Over the planning for a single sce-
nario, the economic factors should display
sensible relationships to each other. Future in-
flation will often depend upon the real rate of
interest. Negative real rates will cause infla-
tion to increase, whereas positive real rates
will push future inflation lower as shown.

(4) disinflation, that is, long-bond yields
average less than 3.5 percent over the next
10 years. For simplicity, we compared
three investment strategies—the current
equity/bond mix, an equity hedged mix,
and a long-bond strategy (Figure 9). The
current solution was more robust over the
four sets of scenarios. Based on these and
similar results, US WEST decided to main-
tain the existing asset allocation. The cost
to hedge the equity exposure would have
caused an expected surplus decline of over
$2.5 billion. The long-bond strategy should
be avoided as well. While contributions
were less likely with improved asset-
liability matching, the expected surplus
would also have declined by over $2.5 bil-
lion over the next 10 years. The resulting
cost savings was significant. The cost to
hedge the US equity portion would have
been a $450 million reduction in surplus
over the past 18 months. The opportunity
gain realized by not moving $4.8 billion of
equity into bonds is $1.01 billion, repre-

senting an equity return of 40 percent ver-
sus bond returns of 19 percent over 18
months. The subsequent risk-reward anal-
ysis showed the benefits of these decisions
to the financial health of the US WEST
pension plan.

In summary, we reran the investment
system under filtered sets of stressful sce-
narios to develop contingency plans for
the pension plan. US WEST has success-
fully employed this dynamic stress analy-
sis and has maintained a substantial eq-
uity position over the past few years. The
ALM system gives it confidence that its
pension plan will be able to maintain a
substantial surplus. A stochastic frame-
work is essential for understanding the
temporal risk/reward issues for a large,
complex pension plan.
Conclusions

Towers Perrin’s stochastic planning sys-
tem has had a major impact on the actuar-
ial profession and on many pension plans.
Actuarial consultants throughout the
world use the system in evaluating pen-
sion plans and insurance companies. Link-
ing assets and liability decisions is difficult
for most investors. The integrated ALM
system provides an intuitive approach for
coordinating these elements. The investor
can concentrate on the primary task—to
balance the goals of the various groups,
for example, maximizing the surplus of
the pension plan, while maintaining retire-
ment benefits, and protecting the com-
pany’s balance sheet.

Over the past years, the financial-
services industry has been moving to-
wards consolidation and merging of dis-
parate organizations. A prominent
example is Citigroup, formed by combin-
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Figure 9: The outcomes of three strategies over the standard 500 scenarios and three stressful
scenarios sets. The current policy has the best risk-reward relationship.

ing Travelers and Citicorp (with Smith
Barney and Salomon Brothers as divi-
sions). European companies are well along
the same path. This trend will accelerate
as Congress replaces depression-era regu-
lations, such as the 1933 Glass-Steagall
Act. These conglomerate financial organi-
zations need to integrate their decisions.
Companies must understand the risk-
adjusted returns for each operation. A fi-
nancial company must also be able to
identify risk factors that span the organi-
zation, giving rise to correlated risks. The
Towers Perrin ALM system can be ex-
tended to cover business-related activities.
As a consequence, the property casualty
(PC) division of Tillinghast—Towers Per-
rin has developed an integrated risk-
management system for the PC industry.
Also, Renaissance Reinsurance, in conjunc-

tion with Tillinghast, has developed an in-
tegrated risk-management system [Lowe
and Stanard 1996].

Financial companies have traditionally
been managed as decentralized businesses,
with occasional meetings between divi-
sional executives to set policy and targets.
The situation is reminiscent of manufac-
turers and retailers in the 1960s and 1970s
with their production, inventory, and
transportation subsystems. Integrated lo-
gistics is the norm for these companies to-
day. A similar change will take place in
the management of financial organiza-
tions. The Towers Perrin system provides
a prominent example of the advantages of
integrating asset and liability decisions
within a common framework.
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