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S everal professional fields are currently using Genetic Algorithms for different applications. Genetic 
Algorithms are being used to plan airplane routes,1 develop equity market bidding strategies,2 point 
antennae on military vehicles,3 optimize an iterative prisoner’s dilemma strategy,4 and even work toward 

developing Artificial Intelligence.5 While these applications are very useful to other professions—and quite 
interesting to study—they don’t seem to have anything to do with Actuaries. As I was being introduced to the 
idea of Genetic Algorithms through the Forecasting and Futurism Section of the SOA, my main question was, 
”If these people are so successful in using Genetic Algorithms, why can’t Actuaries?”

This essay intends to answer the question “Are Genetic Algorithms Even Applicable to Actuaries?” by first walk-
ing through the example of “Robby the Robot” as derived from the example in Melanie Mitchell’s Complexity, 
A Guided Tour.6 Also, I will look at what characteristics of this application are useful and then apply those char-
acteristics to an example based on my use of this technique to solve a life insurance ALM problem. The goal is 
not only to describe one use of Genetic Algorithms, but also to help the reader explore this thought experiment 
and discover how Genetic Algorithms can be expanded to solve many other actuarial problems.

What is a Genetic Algorithm?
There are many different varieties of corn—some that are wind resistant and some that produce many ears of 
corn. The objective of a seed corn company is to breed the two types of corn to hopefully develop a variety of 
corn that both produces a lot of corn and is wind resistant. This is the exact idea that is being leveraged with 
the use of Genetic Algorithms—except instead of corn we are breeding computer programs and investment 
strategies.
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A s I write this we are fresh off the heels of the Investment Section Council’s annual 
face-to-face meeting that precedes the SOA Annual Meeting. I always enjoy the 
opportunity to see, in person, the members of the section council and SOA staff 

that mostly work by phone and e-mail during the year. We also get to meet the newly elected 
council members just starting their terms who bring with them new perspectives, and have the 
opportunity to casually discuss a wide variety of topics.

One part of this meeting is to conduct some formal business as the section council rotates to 
a new set of officers. But the more intense and time consuming part of the meeting is where 
we discuss the opportunities for the section and our goals for the year. This year there was 
no shortage of subject matter as the effects of the financial crisis are still being felt across the 
industry, which if nothing else creates opportunity for articles, research and education. At the 
same time, I would like to echo the message of our outgoing Chairman that we have been ambi-
tious in our efforts to bring new offerings to our members and I am confident in our direction.

While the crisis in many ways validated the actuarial approach to risk management, it is impor-
tant that we work hand-in-hand with others inside and outside of our profession to make sure 
our voice is being heard. The Dodd-Frank financial reform bill will impact many of us, and we 
are looking to provide our expertise to those who influence public policy.

This is also a time of uncertainty in the investment world. As unprecedented measures are 
being taken to stimulate the economy, the range of economic outcomes has become harder to 
model and predict. This has proven to be a challenge that our methods and assumptions must 
respond to. We on the council look to respond as we put together the presentations for the year.

There are a number of things we are actively working on that I would like to highlight:

•	 The planning for the section’s premier event, the Investment Symposium, is well under 
way. It will be held in New York, on April 11–12. Under the capable leadership of our 
returning chairman Bogdan Ianev, I anticipate a repeat of last year’s topical and well 
attended event. The planning committee for this event has had several members of 
PRIMA on it, and we broadened the participation by adding members of the CAS, CFA 
Institute and Society of Quantitative Analysts.

•	 We recently co-sponsored, along with the Joint Risk Management Section, a follow-up 
to the successful collections of essays on the financial crisis that was published in 2009. 
The individual essays are being edited as this goes to print, and publication should be 
forthcoming.
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Society of Actuaries
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•	 If you have not joined the Investment Section subgroup on Linkedin, I encourage you to 
take a few minutes to do so. This forum for section members continues to grow and has 
held some interesting discussions. (For those not familiar with it, membership in the group 
is controlled by our Section Specialist on the SOA staff, and limited to section members. 
What you see is from section members.)

•	 We have a number of volunteers working on webinars that should be available in 2011. 
We are excited by the potential of this medium to provide interesting content to our mem-
bers in a convenient setting.

•	 We are looking for ways to increase the amount of research being produced. We are also 
working to connect more directly with the research community to help practicing actuar-
ies have more of a dialogue with them. Given the upheaval in the economy and financial 
markets, we should be able to find plenty of interesting topics.

•	 Lastly, we sponsored an article competition that resulted in several articles that you see 
in this issue. The winner will be a few hundred dollars wealthier. (This is our kind of 
financial stimulus!)

I would like to say a few words of thanks to the volunteers who make it all possible. By the time 
you tally up all those who are involved in organizing the section activities and conferences, 
speakers and authors, and others the list is quite substantial. The section’s success is a product 
of these efforts. If you feel you have something to contribute, whether it is the willingness to 
organize something or contributing as a speaker or author, let us know. Sharing your time, tal-
ent and enthusiasm helps us all.

We have a number of interesting and insightful articles in this edition of Risks and 
Rewards—enjoy!  
 
Edwin Martin, FSA, MAAA, is senior vice president for Dwight Asset Management 
Co. He can be contacted at emartin@dwight.com.

Edwin Martin
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1.	 Generate an initial population of solutions. This is done 
by creating random “individuals” from the universe of 
possible solutions. An important step here is the definition 
of individuals; in this case they are defined as different 
sequences of actions Robby can take. They are defined 
by a string of numbers that represent several actions 
{12315…} where 1=bend over to pick up can, 2=move 
North, 3=move East, etc.

2.	 Calculate the “fitness” of each individual in the current 
population. The fitness is defined by how well the solution 
performed, defined here by how efficient Robby’s actions 
are. He receives +10 points for picking up a can, -1 point 
for bending over to pick up a can when there isn’t a can 
there, and -5 points for running into a wall.

3.	 Select some number of individuals to become parents of 
the next generation. These parents are selected by using 
a “fitness function” that gives the individual a higher 
probability of being selected if it has a higher fitness as 
calculated in step 2.

4.	 Pair-up the selected parents through “recombining” parts 
of the parents to make offspring. The offspring then 
mutate with a given probability. Recombining can be 
done in many ways, but is done here by taking a portion 
of the string from parent #1 and a portion from parent #2, 
creating offspring #1, and using the unused portion of the 
parent strings to form offspring #2. Mutation is done by 
randomly changing portions of the strings. Inspired by 
nature, mutation maintains diversity in the population and 
prevents the population from converging too quickly.

“Robby the Robot”
Robby the Robot is a great example through which the steps 
of implementing a Genetic Algorithm can be learned. Robby 
lives in a 2-dimensional 10x10 matrix that is littered with 
empty soda cans. In this twist on Mitchell’s example, Robby’s 
job is to pick up the soda cans from the grid with increasing 
efficiency, while being blind and having no initial intelligence. 
Below is the process used to train Robby’s brain through 
Genetic Algorithms:

Are Genetic Algorithms Even Applicable  …  | From Page 1

If these people are so successful in using Genetic 
Algorithms, why can’t actuaries?“

“
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5.	 Repeat steps 2–4 for a specified number of generations, or 
until a sufficient fitness is achieved.

The result of this algorithm is a solution that, in Mitchell’s 
example, outperformed several solutions that were derived by 
computer scientists.

Introduction to the Life Insurance 
ALM Problem
For our thought experiment, let’s consider a life insurance 
company that measures its Economic Capital requirement 
for interest rate risk for an in-force block using the Principal 
Component Analysis (PCA) as described in “Options, Futures, 
and Other Derivatives.”7 PCA is an approach to measuring risk 
from groups of highly correlated variables, such as yield curve 
movements, into principal components that attempt to explain 
historical movements. Due to the orthogonal nature of the prin-
cipal components, the principal components are uncorrelated, 
thus allowing us to measure our exposure to interest rates as:

In short, the insurance company’s goal is to reduce variability 
in surplus for given shocks to the interest rate curve.

Since this is an in-force block, the main tool that we have to 
minimize variability in surplus is our choice in asset allocation. 
Here lies the problem—we have thousands of assets to choose 
from to create our portfolio. Which ones and how much of 
each shall we choose? In practice, we would probably develop 

several portfolios and test them against the capital function and 
implement the best one. We may use other simple optimizers. 
The question we need to answer here is: can we do better?

Environments where Genetic 
Algorithms are Useful
There are several characteristics of problems for which Genetic 
Algorithms may be beneficial. Three of the characteristics and 
their applicability to our ALM problem are described below.
1.	 The metric you are trying to optimize is not smooth 

or unimodal. Many traditional search and optimization 
techniques will end up finding local minima. Consider the 
graph below:

If we used an optimization technique such as Hill 
Climbing while trying to optimize the function given in 
the graph above, we may incorrectly identify a point as 
a global maximum. The basic principal of any variation 
of a Hill Climbing algorithm is to set an initial point, test 
the fitness to either side of the point, move to the point 
with the highest fitness, and repeat until fitness cannot be 
improved.

If these people are so successful in using Genetic 
Algorithms, why can’t actuaries?

CONTINUED ON PAGE 6

8
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	� In our ALM example, the fitness landscape is neither 
smooth nor well understood. A portion of this complexity 
comes from the way we measure fitness through the PCA 
approach and through the correlations of fixed income 
assets. If we were to compare two bonds with maturities 
one year apart, they would have similar market changes 
with a general move in rates, but a twist in the yield curve 
may cause them to act differently.

2.	 The solution space is large. If the number of solutions 
is finite and small, the best method is simply to try all 
of the options and choose the best one. Because we have 
thousands of assets to choose from and any dollar amount 
of each that can be purchased, there are infinite combina-
tions of asset portfolios that we could try. The method that 
is often used is to narrow the universe of investable assets 
and limit the investment increments. However, there are 
still too many combinations to test, and if the universe is 
limited too far, we may have eliminated the best portfolio 
before beginning testing.

3.	 It is a situation where good solutions tend to be made 
up of good building blocks. If a portfolio of all short 
bonds does very well, the assumption is that short bonds 
are good building blocks of a great portfolio.

Life Insurance ALM Application
In applying the Genetic Algorithm technique to solve this life 
insurance ALM problem, I used a fair number of variations 
from the standard procedures found in texts. It is important 
to remember that Genetic Algorithms are a tool; they should 
be modified to fit your needs and to develop new uses. I used 
the basic steps of Genetic Algorithms as described above and 
modified them to fit with this example.

As noted above, the universe of assets is immense. I limited 
the scope of my model to concentrate on the optimum maturity 
profile to manage interest rate risk. The asset choices were lim-
ited to an investment grade corporate portfolio with 30 bonds—
one for each maturity year up to 30 years. Instead of choosing a 
random initial generation, I used a population size of 600, with 
each initial individual being a portfolio with the entire portfolio 
invested in a single bond. Rather than defining the individuals 
as a string, I defined the individuals as a 30 element array, with 
each element being the dollar amount invested in each of the 
30 bonds. The fitness in my example is easily defined by the 
capital function described above.

Once the parent individuals were chosen, I recombined the 
strategies by weighted multiples of the two parents’ strategies 
chosen with random weights. The mutation was done in two 
ways—first, a random maturity bucket could be set to a random 
weight, and second, two maturity buckets could swap weights. 
This maturity bucket swapping was a great way to eliminate 
early convergence on local minima. After 150 generations, a 
suitable result was obtained. (See Illustration to the left)

The Genetic Algorithm solved for an investment strategy that 
reduced the capital by about 10 percent further than the other 

“ “

Are Genetic Algorithms Even Applicable  …  | From Page 5

Once the base code is together (which is actually 

quite easy), this is a powerful tool that 

should be part of every actuary’s toolbox!
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two methods attempted—Hill Climbing and trying large num-
bers of reasonable portfolios. Even though Hill Climbing was 
more structured, it wasn’t robust enough to capture the global 
minimum.

To the right is the graph of the best investment strategy from 
each of three generations of the model. The model tended to 
learn in bursts—the best strategy was similar from generation 
to generation for a few iterations, and then a new portfolio that 
had a much better fitness emerged. For example, from genera-
tion four to generation five, the model learned to get the asset 
duration correct. In later generations, the model learned that 
a barbelled strategy worked better than a more bulleted one.

As you can see from the graph of Economic Capital (where 
less required Economic Capital is better), around generation 5 
the Genetic Algorithm does about as well as our other meth-
ods, and then around generation 25 and beyond the algorithm 
discovers much better matched portfolios!

Conclusion
Genetic Algorithms have been used fruitfully in many other 
professions, and Actuaries should be creative in finding ways to 
adapt this technique to make it a valuable tool for our profession. 
Not only did the Genetic Algorithm discover a better invest-

Ben Wadsley, FSA, MAAA has worked for AEGON USA in Cedar Rapids, IA for 7 years in a range 
of Investment, Economic Capital, and asset/liability management roles.  He is currently a risk man-
ager for the Employer Solutions and Pensions division.  He is also the current Chairperson of the 
Forecasting and Futurism Section of the SOA.  He can be reached at bwadsley@aegonusa.com.
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ment strategy, but it also gave me a structured way to solve for 
a result. We don’t want to rely on luck to find a portfolio that 
does a good job of ALM matching. Many more uses for Genetic 
Algorithms are yet to be discovered. I recommend looking at 
examples in the resources listed in the footnotes and then pro-
gramming some of the examples yourself. Once the base code 
is together (which is actually quite easy), this is a powerful tool 
that should be a part of every Actuary’s toolbox! 

Once the base code is together (which is actually 

quite easy), this is a powerful tool that 

should be part of every actuary’s toolbox!
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Now there is a strong reality that population decline will be 
something most countries will need to seriously contend with. 
In itself, it will produce negative demand which in turn will 
produce negative growth. We can only compensate by increas-
ing productivity and hoping somehow that younger generations 
become wealthier faster and will spend significantly more than 
prior generations, in order to compensate for the decline.

Negative Demographics
Even though the theme of negative demographics is not new to 
us, I was intrigued by some of the comments made at a presen-
tation in 2009, since I never thought about them to this depth 
before.1  The following is summarized from that presentation.
•	 The demographics in the world today is disinflation-

ary— for the first time ever, most generations are not 
replacing themselves in the population pool, since most 
countries have birthrates that are low and are declining. 
The global population is aging at an extraordinary rate, 
especially in the developing world (and particularly in 
Asia).

•	 When population growth reverses (shrinks), Gross 
Domestic Product (GDP) and consumption also decline 
(offset in part by any potential increases from technol-
ogy). Population growth leads to labor force growth that 
then leads to higher GDP but also higher consumption. 
We should note that a declining population is bullish for 
productivity since the labor force shrinks and therefore 
there is more reliance on technology.

•	 Inflation is not sustainable under a global scenario of 
declining population (even though we can have higher 
commodity prices) since it is hard to pass the higher prices 
to consumers. The world is now in a race to 0 percent 
interest rates. Japan has been winning this race, but it is 
not a race that any country wants to win.

•	 Nominal or account dollar GDP drives interest rates 
(and both consist of a real rate and inflation compo-
nent and are highly correlated together). The issues 
related to demographics means that nominal returns on 
investments should also be lower for some time to come.

O ne of the major items of discussion and concern 
over the past several years has been the matter of 
economic growth. Central banks have been adopt-

ing various means to stimulate their domestic economies so 
that business activity and consumer spending will resume in a 
sustainable and predictable fashion, and then continue to grow 
at a healthy rate.

Given that various governments have also engaged in fiscal 
measures to stimulate their economies, it has raised uncertainty 
as to what will remain in terms of economic strength once fis-
cal spending has ceased. There has been varying opinions as to 
how much the consumer will be able to do in order to pick up 
any shortfall, especially if governments also cut-back services 
in order to pay down burgeoning debt.

But one thing that I have found rather disturbing is the pervad-
ing trend of negative demographics impacting much of the 
developed world. This is not new information to actuaries, but 
sometimes we may forget its connection to economic growth. 
We have an aging population in much of the Western world 
with many people now entering a retirement phase. Those 
entering retirement will have different spending patterns. In 
addition, the declining birthrate over the past 50 years (in large 
part due to the widespread introduction of the birth control 
pill) has resulted in a relatively smaller generation of younger 
people following those who are retiring. If we have a younger 
yet relatively smaller generation of people who are expected to 
assume the burden of health care and retirement benefits for the 
aged, while also assuming the costs of past incurred govern-
ment debt, will they have enough to spend to keep economic 
growth going?

We have all lived under the presumption (which on an overall 
basis has been valid up to now) that for the long-term econo-
mies will grow, companies will grow, countries will grow, and 
the world will grow. The common factor underlying all these 
beliefs is population growth, which naturally under normal 
conditions will produce an increase in consumer demand, even 
if all other factors remain static.

Taking Stock: What is the 
Real Problem with Economic 
Growth

By Nino Boezio

CONTINUED ON PAGE 10
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by the time its people retire. Even though China has 
$2 trillion in reserves, this is not enough to support its 
population, for it would need at least $5–$10 trillion at 
this point in time for retirement purposes. We should note 
that Japan got rich before it got old and China will get old 
before it gets rich. The best ‘retirement fund’ for countries 
such as China is actually to have a strong family structure 
where kids support the parents (but unfortunately there are 
now few kids in China).

•	 The BRIC countries (Brazil, Russia, India, China). 
Brazil is the only country that is in relatively good shape. 
India has good demographics but does not have a suffi-
ciently large educated workforce. Alternately, Russia has 
a shrinking population and a declining life expectancy due 
to alcoholism and suicide.

•	 Japan. Japan is in the worst financial shape (has chronic 
deflation) due to its negative demographics and this situa-
tion is not expected to reverse.

Addressing the Demographic 
Problem
•	 One of the greatest catalysts for change is women 

going to school, that also results in a lower birth rate. 
When women achieve education they are less likely to get 
married, and even if they do get married they then tend to 
have fewer children. The birthrates in the Muslim world 
are the highest in the globe but are also falling, for women 
in this part of the world are also going to school.

•	 Immigration. With so many developed countries having 
below-replacement birth rates, immigration has become a 
much more important driver of country-specific popula-
tion growth. However, Europe, as an example, used to 
rely on immigration but is now more restrictive because 
of concerns over religion (extremism).

•	 Japan has become #1 in robots by necessity in order to 
replace its declining workforce. Japan has needed more 
workers to serve in places such as nursing homes. But 
it has had to resort to technology to help cover its labor 
shortages.

The United States and Canada
•	 America has an advantage because it is the only devel-

oped country with a replacement level birth rate (2.1 
vs. 1.6 for Canada—replacement birth rates are quoted on 
a 2-person basis). This is because marriage rates in the 
United States have been rising (and divorce rates falling).

•	 Types of spenders. In the United States the population 
is younger and therefore its people spend more than they 
earn (so it is not just explained by claims of careless 
spending). China is actually frugal primarily because of its 
older age demographics (not because it simply has a better 
attitude towards excessive spending). The United States 
and Canada are higher in consumption spending due to 
better demographics relative to other parts of the world.

•	 Type of immigration. Population growth in the United 
States is only 20 percent related to immigration, whereas 
in Canada it is two-thirds. The United States also succeeds 
because its immigration consists primarily of families 
(and therefore households already exist). Canada unfor-
tunately is highly dependent on immigration in order to 
grow, for its birthrate is too low.

Other countries
•	 Many of the countries in the developed world are 

missing people aged 20-30, and this age group is what 
really drives consumption—they leave home and then 
establish their own households which in turn generate 
spending. After that age range, the purchases are incre-
mentally smaller. Also as people get older, they will 
have a flat or declining demand for goods (i.e., have less 
demand for “stuff”) and instead will have rising demand 
for experiences, e.g., nice dinner, good game of golf, see 
a movie, etc.

•	 Retirement saving. The non-oil Sovereign Wealth Funds 
are all based in Asia. They represent the efforts of these 
countries to save for their own “retirement” (and once 
many of the people in these countries reach retirement, 
these countries will become importing economies). We 
cannot push China to spend, for it will run out of money 

Taking Stock | From Page 9

We can only compensate by increasing productivity and 

hoping somehow that younger generations 

become wealthier faster and will spend significantly 

more ...

“ “
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•	 Basically, a country needs to fix its marriage rates. 
This is the only effective approach to achieving a higher 
birth rate. Enhanced government maternity benefits, baby 
bonuses, improved paid leaves from work, and subsidies 
for domestic home help, are expensive and have had only 
a small overall impact.

As I already mentioned, population growth naturally produces 
increasing demand. It also enables increasing productivity in 
absence of technological advances. Technology may solve at 
least part of the decline in productivity resulting from a declin-

ing workforce which ultimately follows from a declining popu-
lation. But hoping and wanting a smaller working population to 
buy “more stuff” in order to satisfy the need for high consumer 
demand will be increasingly difficult, especially if working 
incomes are not also rising dramatically. Perhaps if there is a 
large wealth transfer (due to inheritance as the older generation 
passes, for the older generation may be wealthier than what we 
have seen in past history) then some of this may actually occur.

The four charts below published by the IMF give a more 
graphic perspective 2:

CONTINUED ON PAGE 12
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We will witness a major shift in the global age breakdowns 
over the next several generations, and this is not what has natu-
rally occurred in history (of course subject to various diseases, 
war, and other calamities which sometimes has impacted one 
age group or gender disproportionately to another.)3 (See chart, 
top, left)
 
Spending is certainly impacted as one becomes older. The 
expectation is that on a total spending basis, the average overall 
amount spent will be lower, especially after retirement. (See 
chart, bottom, left)

Investing
Negative demographics also mean we have to be more selec-
tive in what we invest in. Before, a chewing gum or toothpaste 
company could reasonably expect to sell more of its product 
with little product enhancement. The company could grow by 
almost standing still, since the population was growing. Now 
with the prospect of declining population, such a company 
will need to find ways to cut costs or produce its product more 
effectively and also to take market share, simply to stay in the 
same place in terms of revenue or profitability. 

As we may have seen with certain companies and industries 
(e.g., manufacturing, auto industry, airlines), those that cut 
back on health and pension benefits for their employees, would 
often have the best prospect for earnings growth and expan-
sion. These companies would be better able to attract share-
holder and institutional investor interest. The same viewpoint 
could eventually be adopted regarding countries. Those coun-
tries providing less costly social programs for its workforce and 
that maintain a lesser tax burden could become more appealing.

Central Bank and Lending Policy
Central banks have adopted the view for the past century, that 
lowering interest rates will increase the demand for credit and 
increase spending. Now such a policy may only keep demand 
at the same level. Also the absolute level of interest rates 
may need to be lower than in previous generations due to the 

Taking Stock | From Page 11
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in which case many cities may maintain their size while many 
rural areas including towns could virtually disappear. We will 
also find more residential housing entering the marketplace, as 
older residents pass-on or enter nursing homes.

The Free Lunch That Got Expensive
Positive or stable demographics did give us the prospect of a 
“free lunch.” Social programs including those providing retire-
ment benefits allowed governments the credit of giving their 
constituents benefits which did not truly cost the government 
anything, since the next generation was going to pay for them 
(the pay-as-you-go funding approach). This revolving door 
philosophy worked well when overall demographics were 
moving in the government’s favor. Now with burgeoning 
government debt burdens and the realization that the next gen-
eration may not be able to afford it, there has been some push 
to rollback various benefit promises before the crisis could 
become very real. We have seen those moves in countries such 
as France and Greece, but those actions were met with strikes 
and protests. We will see more attempts in other countries to 
rollback benefits, since even though such moves are not popu-
lar, they will be increasingly necessary to balance budgets and 
to match with revenue from taxes.

Government debt becomes less of an issue when the overall 
population increases, as the per capita expenditure is less of 
a burden. Countries could grow themselves out of problems. 
With a declining population however, we need to see govern-
ment debts reduced. Otherwise we have a generation that can-
not afford to pay for its own benefits plus that of its parents’, 
while also trying to survive on its day-to-day living costs.

Summary
Current demographics have negative implications for econom-
ic growth. We may not fully understand its exact implications, 
for in recent memory we have not experienced it on such a 
scale before. We may get clues from looking at the experience 
in Japan, but the insights are not very encouraging.

declining population trend. Central banks have also used much 
of their interest rate firepower already, by taking their rates to 
very low levels (often near zero).

Inflation should be of lesser importance overall, even though it 
could be a factor for various commodities (e.g., oil) where the 
supply may be dwindling faster than any decline of demand. 
Perhaps the biggest risk to inflation is the fact that some 
countries have gotten so deep into debt (as has been the fear 
for some countries in Europe), that it appears that the younger 
generation cannot pay it, leading to future defaults, devaluation 
and thereby localized inflation. Some research has cited that it 
is not likely that all countries will be successful in unwinding 
their debt bubble.

Lending has been an important component for corporate expan-
sion. As companies grew, they would borrow to expand facili-
ties. This was an overall trend in the developed world. With a 
declining population, there likely will be fewer companies able 
to expand, and many will actually be shrinking or going out of 
business. Lending will still take place to modernize a facility 
or to expand in a certain region, but this may occur in fewer 
cases. So the overall demand for corporate borrowing will 
also decline. Unlike the past where we had upward pressure 
on interest rates due to borrowing demand, we may now see 
downward pressure on rates as demand wanes over time.

It is not often clear whether central banks truly understand 
demographics. Addressing changes in demographics does 
involve long-term thinking while monetary policy is more 
short-term. It therefore may not always be clear when monetary 
policy will stop working the old way. It will actually require 
modifications over time to address population shifts.

Real Estate
Real estate investing will also be a challenge and one will need 
to be more selective. Some cities can still grow if population 
shifts to that area, while many can decline. It may also depend 
on whether more population shifts from rural to urban centers, 

Current demographics have 

negative implications for economic 
growth. We may not fully understand its exact 

implications, for in recent memory we have not 

experienced it on such a scale before.

“
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An increasing domestic and world population solved many 
problems in terms of being able to support social programs, 
spending programs and corporate expansion. Now the world 
may face economic declines in many areas partly caused by a 
declining population, at a time when government debt levels 
are high and when promises to older generations have become 
expensive.

Nino Boezio, FSA, FCIA, is responsible for Managed Products Business Development at TD Bank 
Financial Group. He can be contacted at nino.boezio@td.com.
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The world has to unwind the excesses created in the past num-
ber of decades without causing major disruption. This will not 
be easy. It can also mean that profitability for companies, and 
the wealth for the country and individual consumer may not be 
as high as in the past. Investment will have to be more selec-
tive with a less optimistic view of financial performance. 



 AUGUST 2010 RISKS AND REWARDS |  15



16 | RISKS AND REWARDS FEBRUARY 2011

Those Pesky Arithmetic 
Means

By Dick Joss

percent. If Ibbotson had used fiscal years ending in March, the 
arithmetic mean would have been 19.35 percent.

These differences could begin to impact investor behavior. Had 
investors been told that the arithmetic mean of small company 
stock returns was 15.84 percent instead of 17.08 percent, they 
might have been less inclined to invest in small company 
stocks. On the other hand, if the investors had been told that 
the historical arithmetic mean returns for small company stocks 
had averaged 19.35 percent instead of 17.08 percent, they 
might have been more inclined to invest in small company 
stocks.

Yet there is no particular reason for picking any one of the 
above arithmetic means over any of the others. The market 
itself does not rise up on each December 31, wave a big red 
flag, and shout: “Now is the ‘right’ time to measure stock 
market rates of return.” The common practice of measuring 
these rates on a calendar year basis is just that—a common 
practice. As shown above, this common practice may be pro-
viding investors with information that might not be as full and 
complete as it could be.

Keep in mind one final time that every single one of the 
above numbers is based on the same set of data. In every 
case the original dollar invested on Jan. 1, 1926, is still worth 
$15,091.10 on Dec. 31, 2007. The only difference between any 
of the arithmetic mean numbers is the selection of the fiscal 
year used to group the data.

Annual Arithmetic Means Based on 
Shorter Time Frames
The reason that the above different fiscal year calculations 
provided different arithmetic means is that for each of the cal-
culations, a significant portion of the data is tossed away. For 
example, in each of the above Ibbotson small company stock 
return arithmetic mean calculations, only 82 different values of 
wealth growth were used (one for each fiscal year end), when 
984 (one for each calendar year month) were available. Ninety-
two percent of the available data was ignored!

I t has been common in modern academic finance to assume 
that the arithmetic mean of a series of historical investment 
return results is the best estimate for next year’s investment 

return on the particular type of investment. The best estimate 
for a multi-year forecast then becomes this arithmetic mean 
compounded for the forecasting period.

The rationale for using the arithmetic mean is quite straight 
forward. It is as if the actual historical results were written on 
little balls, the balls were placed in a giant rotating bin, and the 
year’s investment return was obtained by drawing a ball out of 
the bin—just like a lottery drawing that might be seen on tele-
vision. In this case the best estimate is, in fact, the arithmetic 
mean of the numbers on the balls in the bin. Sometimes this is 
referred to as a Monte Carlo simulation. All-in-all the approach 
seems fairly straight forward.

However, sometimes things that seem straight forward at first 
glance may turn out to be more complex. Determining arithme-
tic means is one of those times. For illustration data, consider 
the small company stock return data from Ibbotson’s Stocks 
Bonds Bills and Inflation 2008 Yearbook. This data source pro-
vides historical investment returns for an 82-year period—Jan. 
1, 1926 through Dec. 31, 2007.

If on Jan. 1, 1926, an investor had invested $1.00 in the small 
company stock portfolio described in the SBBI Yearbook, 
the investment would have grown to $15,091.10 by Dec. 31, 
2007. The average annual increase in wealth over the 82-year 
period is 12.45 percent per year. However, instead of using 
this geometric mean return as a forecast, the academic finance 
community often cites the arithmetic mean of the 82 calendar 
years as the best estimate for next year’s return. This number is 
a much higher 17.08 percent.

What goes unstated, however, is that the arithmetic mean of 
historical returns varies significantly based on the time period 
used for the calculation. If instead of using calendar years, 
Ibbotson had calculated the arithmetic mean using fiscal years 
ending in October the average return would have been 15.84 
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Because this new annual equivalent rate of return reflects 
observations from 984 data points (one for each month) instead 
of 82 data points (one for each year), there may be some com-
fort to the idea that this number is somehow more accurate 
because of the increased number of observations.

But anyone who watches a business news program on televi-
sion is now keenly aware that data is available much more 
frequently than monthly. Often there is a little window on 
the television screen which shows the current Dow Jones 
Industrial Average (DJIA) value. This number changes every 
few seconds. If one calculated an annual Dow Jones Industrial 
Average arithmetic mean by just using month-end data, he or 
she would be throwing away millions of pieces of information 
as to how the DJIA changed over the course of a year.

This raises a question: Is it possible to calculate an arithmetic 
mean which captures as much of this data as possible? The 
surprising answer is yes! It is possible to calculate an arithme-
tic mean which reflects absolutely every single change in an 
investment such as the Ibbotson data or the DJIA, or even every 
single transaction involving an individual share of stock. This 
calculation process is described below.

“Arithmetic Means” From 
Continuous Growth
Given that using monthly data to calculate an annual rate of 
return still means that millions of pieces of information will be 
lost, the idea of using even smaller time increments, such as a 
week, a day, or even an hour, might be considered as a possible 
time period for figuring an arithmetic mean that could then be 
converted into an annual equivalent rate of anticipated invest-
ment growth. The concept of calculating arithmetic means by 
using more data points and then converting the results to annual 
equivalents has a good feel about it. Somehow using more and 
more data gives one the feeling that the result may be more 
accurate than if just a limited number of observations of the 
wealth-growth are used.

In order to capture this extra data, it is possible to calculate 
an annual arithmetic mean rate of return in a very different 
way. Instead of ignoring 92 percent of the data, this process 
will use all 984 of the Ibbotson monthly wealth values. Using 
this process, one first takes the arithmetic mean or average of 
all the monthly returns provided in the SBBI Yearbook. This 
monthly average is then converted into (or expressed as) an 
annual equivalent rate of return. This process uses all of the 
listed Ibbotson data, not just a small fraction of it.

For the small company stock returns, the arithmetic mean 
of the monthly data is 1.3207 percent. This result is simply 
obtained by adding up all 984 monthly returns and dividing 
that total by 984. If an investment earns this rate of return 
each month for 12 months, the rate of return for the year will 
be 17.05 percent. This process is referred to as converting the 
monthly rate of 1.3207 percent into an annual equivalent rate of 
17.05 percent. Using this process, one could say that the annual 
arithmetic mean rate of return for small company stocks was 
17.05 percent. It is just that this annual arithmetic mean was 
based on monthly observations.

Some people may be uncomfortable referring to an “annual” 
arithmetic mean, when the data that was used to calculate it 
was monthly in nature. To help relieve some concern in this 
area, think about the answer to the question: How fast are you 
driving your car? If someone asks you this question while you 
are actually driving, your normal response is to look at your 
speedometer and report the speed as something like 45 miles 
per hour.

By reporting the speed as “45 miles per hour” you are not 
stating that you actually drove 45 miles, or that you actually 
spent one hour doing it. You were describing the speed at 
which you were driving at the time the question was asked 
using commonly understood terminology. In the same way, 
describing the monthly returns as 17.05 percent per year 
uses annual terminology to describe the arithmetic mean of 
monthly returns.

CONTINUED ON PAGE 18
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gaps are always filled with reasonable stock values, which are 
in between the two actual transactions at each end of the gap.
Assuming that stock price changes may be described by a con-
tinuous and differentiable curve, it is now possible to calculate 
an annual arithmetic mean that reflects absolutely every trans-
action for the stock. This new annual arithmetic mean is just 
the annual equivalent of an arithmetic mean of historical results 
taken over very, very small time frames. Using all of the data, 
instead of just a minor portion of it, seems to provide additional 
assurance that one is getting the “right” answer.

The current method of calculating an annual arithmetic mean 
as shown in the SBBI Yearbook uses just 82 data items from 
the historical record. That’s all, just 82 separate pieces of 
data. If the process is expanded to monthly, then 984 pieces 
of information contribute to the calculation process. If the 
annual arithmetic mean is determined by taking daily snap-
shots of what was happening, then the calculation would have 
over 20,000 data elements. But even with daily numbers, the 
calculations would still miss all the market changes that occur 
within a single day.

If the calculations were carried out by taking the arithmetic 
mean of the rates of return over 1/10 of one second time inter-
vals, the total volume of information would be over five bil-
lion individual observations of market behavior! It just seems 
natural that this result would have to be a far more accurate 
measure of the annual arithmetic mean than the relatively crude 
82 element calculation process that is currently used.

There is an amazing answer that results from calculating the 
arithmetic mean or average of these five billion rates of return 
calculated over 1/10 of one second time intervals and then 
expressing this arithmetic mean as an annual rate of return. 
This amazing answer is that this process yields the geometric 
mean!

In other words, if the arithmetic mean calculation process 
used absolutely every single transaction, and then only filled 
in the gaps between transactions with a reasonable curve with 

It turns out that figuring out the arithmetic mean of returns taken 
over a very small time frames is not as difficult as one might 
think. The first step is to consider how the value of a stock is 
determined and how this value changes over time. These values 
and changes are determined by actual investors, just like you. 
 
For example, assume that Allen in Altoona decides to enter 
into a transaction to buy a particular stock at $20 per share at 
exactly 1:00:00 on Oct. 1, 2008. This action by Allen then sets 
the value of the stock at $20, until eight seconds later when 
Bob in Boston agrees to a transaction at $20.50 per share. Thus, 
$20.50 becomes the new value. At exactly 1:00:24 Cheryl in 
Chicago makes the next transaction for shares at a price of 
$20.25. This process continues on and on and on. The stock 
market in action is truly a marvel to behold.  

The first two transactions were eight seconds apart and the next 
two were 16 seconds apart. This illustrates a significant prob-
lem if one tried to calculate an arithmetic mean rate of return 
based on changes in share value calculated over one second 
time intervals. What would be the share value for times like 
1:00:01, 1:00:02, and 1:00:03 when no transactions occurred?

The answer to this is really quite simple. Just estimate the share 
price assuming that there is a smooth line that connects every 
single one of the actual transactions! The smooth line just fills 
in the gaps between any two actual transactions. Using this new 
line, a person can estimate a value for the stock for any point 
in time, even times when no transaction occurred. This process 
just provides for a reasonable transition from one transaction to 
the next. This line is what is known as a “continuous and dif-
ferentiable” curve, and it is easy to show that one can always 
be created in these types of situations.

While it is not common in modern finance to consider such 
curves when thinking about or calculating average returns, the 
concept is really quite logical. The curve passes through the 
data point for every single transaction of the stock! Not one sin-
gle transaction is missed. The smooth curve is used only to fill 
in the gaps between any two successive transactions. And the 
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faced by workers caught in this problem. To the extent these 
workers are relying on overly optimistic projections based on 
traditionally-calculated arithmetic means, perhaps it is time to 
seriously consider more conservative investment forecasting 
concepts.

Conclusion
The important point to be taken from this article is that any 
particular history of investment fund performance has lots of 
arithmetic means, and as shown above, these means can differ 
significantly. Any time you see a reference to “the” arithmetic 
mean of a data set, watch out! The asserted result is heavily 
dependent on which of the various arithmetic means was used. 
In particular, while the calendar year arithmetic mean of the 
82-year historical small company Ibbotson stock return data 
is, in fact, 17.08 percent, using an alternative, yet still equally 
valid approach to calculating an arithmetic mean, this result 
could have varied anywhere from a low of 12.45 percent to a 
high of 19.35 percent. And it is particularly significant that the 
arithmetic mean based on the most data is the 12.45 percent 
number. Maybe it is time to replace all those pesky arithmetic 
means with a simple geometric one. 

values between the two actual transaction values, the annual 
equivalent of the resulting arithmetic mean is the geometric 
mean. Using only a limited number of data snapshots from the 
historical record produces an array of arithmetic means, all of 
which are larger than the geometric mean.

Investor Impact
The above information now expands the possible range for 
arithmetic means for Ibbotson small company stock returns. 
This new range of possible arithmetic means runs from the 
geometric mean of 12.45 percent, which is based on billions of 
data point observations, to 19.35 percent, which is based on 82 
observations taken as of each March 30. The value of $10,000 
invested for 20 years at these two rates ranges from $104,518 
to $343,913. Dramatic differences in possible investment fore-
casts are beginning to show up.

It has been well-documented that workers who had planned on 
retiring with significant balances in their savings plans have 
been very disappointed. The cover article of the Oct. 19, 2009, 
issue of TIME Magazine was devoted to the hardships being 

Dick Joss, FSA, is retired. He can be contacted at rrjoss@comcast.net.

Maybe it is time to replace all of those pesky arith-
metic means with a simple geometric 
one.
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Revisiting Asset-Allocation 
Strategies For Defined 
Contribution Retirement 
Plans: A Look At Available 
Risk-Management Strategies

By Andrew Fisher and Wade Matterson

tions that traditionally provided guarantees or insurance against 
such events. The high-profile corporate failures of institutions 
such as Lehman Brothers and American International Group 
(AIG) brought counterparty risk to the forefront. Pension plans 
that would have looked to institutions such as these as partners 
who could deliver risk-management solutions to their mem-
bers paused to reconsider other methods of providing investor 
security.

As a result, we are now seeing rapid change as funds move 
toward more sustainable processes and structures for manag-
ing their members’ investment risks. Much of the focus for 
these changes is upon independent administration or internal 
solutions that reduce or eliminate reliance on, and the result-
ing exposure to, third-party financial institutions.

Overview of potential strategies
There are three basic approaches to mitigating risk: diversifi-
cation, hedging, and insurance. Any of these approaches may 
be justified depending on the individual investor’s circum-
stances and stage of life.1

As risk becomes more relevant to fund members as they 
enter retirement, new approaches to investment are being 
assessed. Broadly speaking, they fall into one of three cat-
egories:

•	 administration strategies,
•	 derivative strategies, or
•	 insurance/outsourcing.

Administration Strategies
Administration strategies rely on dynamically altering the 
underlying investment mix to achieve a smoother return or 
risk-management outcome. Three approaches that appear to 
be growing in popularity are target-date funds, target-volatility 
funds, and continuous portfolio protection insurance (CPPI).

Target-date funds: This strategy rebalances investors’ assets 
between different mixes of conservative and growth assets 

I n the wake of the recent financial crisis, fund trustees, plan 
sponsors, and administrators are reconsidering traditional 
asset-allocation strategies. With increasing numbers of 

people approaching retirement age, the need to manage finan-
cial risks through more effective strategies is clear and urgent. 
Fortunately, there are a number of promising approaches 
available to help funds select, implement and administer the 
appropriate strategies.

The recent financial crisis has prompted many questions about 
the security of retirement funds. With the importance of the 
retirement sector growing as larger numbers of people approach 
the end of their working lives, defined contribution (DC) retire-
ment plans in particular are coming under increasing scrutiny 
because of their vulnerability to sustained market downturns.

The steep market downturn between late 2007 and early 2009 
exposed many flaws in traditional asset-allocation principles 
and risk-management techniques. Consequently, many DC 
plan administrators are reassessing their approaches, paying 
special attention to structures and strategies that are designed 
to manage risk more effectively. This article highlights a 
number of popular strategies, identifies issues for consid-
eration, and offers a view of the potential implications and 
evolution of DC systems around the world.

The recent market downturn clearly demonstrated that tra-
ditional investment approaches are vulnerable to extended 
periods of market volatility. This is particularly worrisome 
to members of DC retirement plans because their invest-
ment assets are exposed to market risk. Globally, there has 
been a substantial shift toward DC plans during the past 
quarter-century. This development, combined with demo-
graphic changes that now see increasing numbers of workers 
approaching and entering retirement, suggests that it is time 
to improve upon the risk-management techniques and options 
currently in place.

The financial crisis not only reinforced the vagaries of market 
forces but also shook many people’s confidence in the institu-
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facilitate risk management. Institutions have used deriva-
tives to hedge risk for hundreds of years. Derivative strate-
gies can work by creating exposure and by managing risk.

Creating exposure: Some strategies utilize derivatives to 
provide market exposure while combining them with con-
servative assets to provide security—for example, a bond 
combined with a call option.

In this example, fund members would allocate assets to a 
bond portfolio that is designed to provide a steady yield 
over the desired time period. Some of the yield would then 
be used to purchase call options that provide exposure to 
stock market returns. The degree of exposure would vary 
based on the option costs as well as the budget provided for 
their purchase.

Managing risk: Alternatively, derivatives may be used 
explicitly to hedge risk. The variety of instruments and meth-
ods available gives funds flexibility in structuring solutions 
that fit with their approach—for example, option budgets, put 
options, and futures.

In principle, each of these strategies should yield similar 
outcomes, but in practice they may produce different results 
depending on the legislative and tax environment within 
which the investment is structured.

Insurance/Outsourcing 
Counterparties
There are a variety of outsourcing counterparties available 
depending on the nature of the risks a fund is looking to 
protect. Ultimately, institutions such as insurance companies 
or investment banks provide a “wrapper” for the provision 
of products utilizing various asset allocation strategies. For 
example, a fixed annuity provides access to fixed income assets 
whilst variable annuities provide access to equity, fixed income 
investments, and derivatives within an insurance context. The 
attractiveness of these structures is that the insurance company 

based on an age-based “glide path,” traditionally focused on 
the investor’s planned retirement age. The principle behind 
target-date funds (also known as life-cycle funds, target-
maturity funds, and age-based retirement funds) is that inves-
tors need to adopt more conservative investment styles as 
they approach retirement. Target-date funds, however, have 
become the subject of much criticism. Debate has centered 
on the grounds that there is no “one-formula-fits-all” solution 
to the requirements of investors with widely varying needs, 
lifestyles, and levels of risk tolerance,2 and also that, absent 
risk-management techniques, market volatility can defeat 
even the most carefully planned glide path.

Target-volatility funds: Like target-date funds, target-
volatility or controlled-risk funds attempt to manage inves-
tor risk through rebalancing, but instead of focusing on an 
investor’s age, the rebalancing is based on market volatility. 
The funds are designed to increase allocations to conserva-
tive assets in times of high volatility, and growth assets in 
times of low volatility. Target-volatility funds are relatively 
new entrants into the market, and time will tell how well 
they perform.

Continuous portfolio protection insurance: CPPI has been 
around for some time in various forms. In general, CPPI 
rebalances investors’ assets between bonds and growth assets 
based on an algorithm designed to replicate an option. The 
goal is to preserve capital, and CPPI may be combined with 
options provided by an investment bank to offer a guaranteed 
solution.

CPPI, however, has suffered because of negative public-
ity focusing on investors getting locked into cash who were 
unable to participate when markets rebounded. The next gen-
eration of CPPI is on the way, but given the level of admin-
istrative complexity involved, it remains to be seen whether 
this technique will be popular.

Derivative Strategies
Derivative strategies rely on the use of assets that directly 

CONTINUED ON PAGE 22
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•	 Longevity risk: the risk that investors might outlive their 
assets,

•	 Market risk: the risk that negative investment returns 
diminish savings,

•	 Inflation risk: the risk that higher-than-anticipated 
inflation erodes savings faster than expected,

•	 Health risk: the risk of higher-than-expected health 
care expenses, and

•	 Behavioral risk: the risk of poor planning or invest-
ment decisions that can result in inadequate retirement 
assets.

It is possible to design effective risk-management strategies 
for any and all of these risks within a variety of products and 
strategies involving all issues collectively or separately (e.g., 
managing health risk through health-insurance strategies).

However, it is important to be aware that any risk-management 
solutions will need to function within the local regulatory envi-
ronment without impinging on investors’ tax or social-security 
status.

Cost
Whatever approach is adopted, cost will play an important 
part in both the ability to create an attractive proposition and 
the ultimate outcome to the investor. Any calculation of costs 
needs to take into account the following:

•	 Market cost of protection: What is the cost of manufac-
turing the risk protection required? There is no free lunch 
here with all solutions bounded by the prices that the 
capital markets put on risks.

•	 Distribution costs: What is required to inform and edu-
cate plan members about the benefits of risk-management 
strategies? 

•	 Administration costs: Any solution is likely to require 
additional administrative effort and it is important to 
ensure this is conducted efficiently.

•	 Profit for third parties: Are there any third parties 

is capable of providing investors with a guarantee supported by 
its balance sheet and capital.

When dealing with counterparties, it is important to ensure 
that the exposure is managed and that there is sufficient flex-
ibility to alter a fund’s arrangements over time without creating 
legacy issues.

This, together with portability, has been a major concern of 
fund trustees globally, and perhaps explains the relative lack of 
third-party insurance solutions within DC pension schemes. As 
discussed below, new approaches are being developed that may 
help overcome these issues.

Key principles
Our experience suggests that, when evaluating competing 
strategies, there are a number of fundamental principles to 
consider. Ultimately, selecting the appropriate solution will 
depend on the circumstances of each particular fund, including 
demographic profiles and operational requirements, as well as 
distribution and advice capabilities.

The Value Proposition—What Risks?
Fundamental to each strategy is the need to address underly-
ing member issues. As the focus has shifted from the man-
agement of returns to the management of risk, so too have 
approaches moved away from a pooled or “one size fits all” 
model to strategies that are customized at an individual level. 
This shift of approach reflects the need for flexibility and 
the increasing competition between different sectors of the 
retirement savings market, which results in a blurring of the  
line between occupational pensions and retail wealth-
management models.

Types Of Risk
In terms of specific risks, market risk has dominated the 
recent debate, but there are a variety of issues that can 
affect the sustainability of an individual’s retirement sav-
ings, including:
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There are three basic approaches to miti-
gating risk:  diversification, hedging, 
and insurance.  Any of these approaches may be jus-

tified depending on the individual investor’s circumstances 

and stage of life.
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Other considerations
In addition to developing the risk-management strategy, pen-
sion schemes will need to factor in communications to mem-
bers and trustees, as well as their organizations’ operations and 
expertise.

Funds have a responsibility to communicate with their mem-
bership bases whatever strategy they put in place, and will need 
to invest time and effort in educating members on the risks they 
face and the risk-mitigation benefits offered by the strategy.

As far as operations and expertise are concerned, many of 
the available risk-management strategies require sophisti-
cated administrative solutions and a level of expertise that an 
organization’s staff might not have. It is therefore important 
to take advantage of outside experts who can support the 
development and administrative effort involved in effective  
risk management.

Putting it all together
A number of potential models for developing risk-management 
strategies appear to be evolving:

•	 Outsourcing: This option is mostly limited to small funds 
that wish to retain an administrative role but do not have 
the necessary in-house staff resources and are comfort-
able outsourcing to a third-party institution. Selecting the  
correct partner and carefully monitoring performance will 
be critical.

•	 Partnership: Some funds may elect to work with a  
third party that assists by independently administering 
collateralized or pooled structures in order to ensure that 
the fund’s fiduciary duties are met, as well as to provide 
independent advice as appropriate.

•	 Internal operations: Some large funds will elect to 
develop their own risk-management solutions, with the 
option of outsourcing certain operations to others who 
have the appropriate expertise.

involved and, if so, what are their profit requirements? For 
example, in the event that a guarantee is offered, the insti-
tution offering the solution will be required to hold capital 
and will need an adequate incentive (return) to do so.

•	 Opportunity cost: Even in cases that don’t require a third 
party, the solution is likely to involve an opportunity cost 
commonly experienced through sacrificing market growth 
or upside in order to fund downside protection.

•	 Transparency: Given the potentially complicated struc-
tures underpinning some of these solutions, transparency 
to fund administrators and members will be vital.

Counterparty Risk
The long-term nature of retirement, combined with the fidu-
ciary responsibilities of fund trustees, complicates the develop-
ment of many traditional insurance-based solutions. Problems 
involving a third party can damage a fund’s reputation—not 
to mention the financial interests of its members. Recent 
examples across the insurance and banking industries have 
prompted fund administrators who work with third parties to 
exercise high levels of scrutiny and monitoring. 

Other ways of managing counterparty risk include:
•	 Short-term commitments: adopting approaches that 

rely on shorter commitments or instruments, or that 
eventually eliminate or reduce reliance on third parties;

•	 Collateralization: ensuring that third-party obliga-
tions are funded—something that is critical to protect-
ing the fund and maintaining the ability to migrate 
from one provider to the next should a significant event 
make it necessary;

•	 Risk pooling: spreading risk across multiple counter-
parties; and

•	 Internal or independent administration of solutions.

Finally, those wishing to adopt solutions will also need to 
consider the administrative burden of the various solutions 
and assess whether they have sufficient expertise to administer 
them over very long time periods.

CONTINUED ON PAGE 24
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END NOTES
	  
1	� Corrigan, Joshua; Matterson, Wade & Nandi, Sam (July 2009). A holistic framework for life cycle financial planning. 
	 Milliman Research Report. Retrieved April 1, 2010, from http://au.milliman.com/perspective/holistic-framework-life-cycle.php.

2	 Rowland, Marilyn M. (Spring 2008). All target date funds are not created equal. Milliman Benefits Perspectives. 
	 Retrieved April 1, 2010, from http://www.milliman.com/expertise/employee-benefits/publications/bp/pdfs/BP06-10-08.pdf.

In summary, there is a wide range of alternative structures available to assist in the management of risk. These ultimately need to 
be considered in the context of the fund and its members. 
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Orphaned VEBAs – an 
Approach to Maximize 
Value and Distribute 
Wealth

By Chad Hueffmeier and Zhao Lang

key points:  (1) investment risk taken in the VEBA should be 
reflected in participants’ personal portfolios, and (2) highly-
taxed assets should be held in an orphaned VEBA.

We will assume the participant’s target portfolio is 50 percent 
fixed income and 50 percent equity. In Figure 1, we have 
illustrated two potential allocations of VEBA assets—100 
percent equities versus 100 percent fixed income—and the cor-
responding allocation of personal savings required to achieve 
the target allocation. This simply demonstrates how investment 
risks taken in an orphaned VEBA impacts participants’ abil-
ity to take investment risks within their personal savings. If 
less investment risk is taken in an orphaned VEBA, it allows 
participants to take more risk with their personal savings while 
maintaining a target level of risk.

Retiree medical benefits offer distinct tax advantages.  Unlike 
defined benefit and 401(k) defined contribution income that is 
taxed upon distribution, retiree medical payments are tax-free 
so “retiree medical savings” is more tax-efficient than other 

Over the past few years, several companies have been 
able to spin-off Voluntary Employee Beneficiary 
Associations1 (VEBAs) and the associated retiree 

medical liabilities for a negotiated amount.2 These arrange-
ments create “orphaned VEBAs” in which the investment risk 
is transferred to participants. This fact combined with the tax 
advantages associated with retiree medical benefits allows us 
to clearly define a framework that maximizes value for par-
ticipants in aggregate while providing the flexibility to allocate 
wealth among individual participants in various ways.

Individuals should make investments decisions within the 
context of their total portfolios. Thus, investments held within 
an orphaned VEBA should impact how participants allocate 
their other wealth (e.g., investing in bonds in the VEBA allows 
participants to hold less in bonds outside of the VEBA).  This 
combined with the fact retiree medical benefits are the most 
tax efficient form of deferred compensation3 should lead par-
ticipants to want orphaned VEBAs to hold highly-taxed assets 
(e.g., fixed income, hedge funds) to help maximize their wealth 
on an after-tax basis.

Furthermore, plan design and invest-
ment risk dictate how wealth is allocated 
among participants of orphaned VEBAs.  
As the percentage of annual cost paid 
by the orphaned VEBA decreases and 
(or) investment risk increases, wealth is 
shifted to younger participants.

Simple Model
Participants bear the investment risk from 
an orphaned VEBA making it effectively 
an aggregated savings account.  Thus, 
participants should view the orphaned 
VEBA assets similarly to assets in any 
tax-advantaged savings plan and make 
investment decisions within the context 
of their overall portfolio.  For simplicity, we will assume there 
is only one participant receiving benefits to illustrate two 

Figure 1

CONTINUED ON PAGE 26
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of the orphaned VEBA to all highly taxed assets resulted in an 
increase in the participant’s after-tax income from $590 to $595. 

Complicating Issues
Orphaned VEBAs have numerous participants and do not 
contain individual accounts; this complicates how value is dis-
tributed among the participants.  Value distribution is governed 
by decisions regarding two key issues:  (1) annual cost sharing, 
and (2) investment risk.

savings.  This is important because not all assets are taxed in 
the same manner – long term capital gains (e.g., stock and real 
estate appreciation, qualified dividends) are taxed at a lower 
rate than ordinary income (e.g., interest payment on treasury 
and corporate bonds, nonqualified dividends).  Consequently, 
participants should prefer highly-taxed assets to be held in an 
orphaned VEBA.  Figure 2 illustrates how having highly taxed 
assets (e.g., fixed income) in an orphaned VEBA improves 
tax-efficiency.  As shown in the example, shifting the assets 

Figure 2
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downs depending on asset performance).  In the first case, the 
orphaned VEBA would be expected to be depleted of assets 
before some younger participants would be expected to com-
mence benefits.  These younger participants would then require 
investment risk to even have a chance of having retiree medical 
coverage.  Thus, increasing investment risk shifts wealth to 
younger participants (Chart 2).
 

Distributing value in a VEBA is a complicated process involv-
ing various factors such as participant contributions, future 
benefit changes, Medicare coverage, etc., not to mention any 
number of special provisions a VEBA may have in place to 
protect subgroups of participants.  Therefore, examination 
of distribution in the VEBA is simplest, and in our opinion, 
best accomplished on a risk-free basis (or at least a low risk 
basis), eliminating any extraneous reallocation of wealth due to 
investment risk.  Furthermore, “defined dollar retiree medical 

Cost sharing could vary by participant based on numerous fac-
tors (e.g., years of service).  For simplicity, we will assume the 
same cost sharing percentage is used for all participants.  Chart 
1 illustrates how assets would be depleted over time if VEBA 
assets were used to pay 100% versus 50% of retiree medical 
costs.  Given younger participants would be expected to receive 
benefits longer than older participants; increasing cost sharing 
(i.e., lowering the percentage of cost paid by the VEBA) would 
be expected to lower value distributed to older participants and 
increase value distributed to younger participants.

Investment risk not only impacts how participants’ should 
allocate assets in their savings plans but also can impact how 
value is distributed among participants.  Chart 2 illustrates 
the projected depletion of assets when 50% of retiree medical 
costs are paid by the trust under two scenarios:  (1) risk-free 
investment strategy (straight line for illustrative purposes), and 
(2) a risky investment strategy (range of potential asset draw-

CONTINUED ON PAGE 28

“
“

…examination of distribution in the VEBA is simplest, and 

in our opinion, best accomplished on a risk-free 
basis, eliminating any extraneous reallocation of 

wealth due to investment risk.
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Treasuries and most non-municipal fixed income investments 
are taxed at ordinary income rates, so they satisfy both the 
highly-taxed consideration and can be used to structure a low 
risk portfolio allowing for a straightforward distribution of 
wealth among participants.  

benefits” would provide an addition level of precision (relative 
to benefits dependent on contingent factors) when allocating 
value from an orphaned VEBA.

Conclusions
The investment strategy developed for orphaned VEBAs needs 
to reflect that investment risk is borne by participants and also 
to reflect the tax-efficiency of retiree medical benefits.  These 
facts should lead those responsible for investment strategy to 
limit the allocation to highly-taxed assets.
Given orphaned VEBAs do not contain individual accounts; 
the value distributed to each participant is driven by cost shar-
ing and investment decisions.  As the percentage of annual cost 
paid by the orphaned VEBA decreases and/or investment risk 
increases, wealth is shifted to younger participants.  We believe 
the examination of distribution in the VEBA is simplest, and in 
our opinion, best accomplished on a risk-free basis (or at least 
a low risk basis), eliminating any extraneous reallocation of 
wealth due to investment risk.

Chad Hueffmeier, CFA, FSA, MAAA, is the Chief Investment Officer of Pension Investment Risk 
Management for Buck Consultants. He can be reached at chad.hueffmeier@buckconsultants.com

Zhao Lang is an associate at Buck Consultants.  He can be reached at zhao.lang@buckconsultants.com
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END NOTES
	  
1	� A VEBA is a form of tax-exempt welfare plan, first established in 1928 in 

response to demands from workers’ association.  Under Internal Revenue 
Code section 501(c)(9) a VEBA is “organized to pay life, sick, accident, and 
similar benefits to members or their dependents, or designated beneficiaries 
if no part of the net earnings of the association inures to the benefit of any 
private shareholder or individual.” Throughout the 1970s and early 1980s, 
VEBAs were abused by the wealthy as a tool for tax deduction.  In 1984, VEBA 
use became limited due to the Deficit Reduction Act, but to this day, VEBAs 
remain as powerful tax shelters when used to provide employee benefits.

2	� This sometimes includes predefined or contingent future contributions which 
could be considered “receivables”.

3	 Participants are never taxed on these benefits.
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“Risk-Free” 
Liabilities
Efficient Pension 
Management Requires 
the Right Benchmark
By Chad Hueffmeier and Shirley Cheung

•	 Investment risks—Sponsors can invest in a manner that 
guarantees a given asset will be available to pay a given 
benefit payment. For purposes of managing investment 
risks, the benefit payments are presumed to be certain.

Capital Required to “Defease” 
Pension Risks
Sponsors may fully “defease” the financial risk of pensions 
by either transferring pension liabilities to a third party in 
exchange for a premium (e.g., group life annuities); or retain-
ing pension liabilities, paying a third party to transfer demo-
graphic risks (hence, “locking in” required benefit payments), 
and hedging benefit payments with pension assets. While 
transferring liabilities currently requires the lesser capital3 of 
these two options, relatively few sponsors may have the oppor-
tunity to transfer liabilities because we estimate the annual U.S. 
annuity capacity to be less than 2 percent of outstanding U.S. 
corporate pension liabilities.4 Consequently, the majority of 
sponsors will likely retain their liabilities and manage invest-
ment risk more deliberately.

In addition, demographic risks tend to be recognized over 
decades, not within the time horizon in which management is 
typically concerned about risk. Consequently, a third strategy 
many sponsors might consider is to retain pension liabilities 
and hedge expected benefit payments. (If sponsors target the 
capital required to hedge expected benefit payments, they 
could still monitor their ability to use the liability transfer 
option as their funded status improves.) For the rest of this 
discussion, we can ignore demographic risk and treat expected 
benefit payments as certain.

Pension protection Act (PPA) 
Liabilities Do Not Facilitate Cash 
Flow Management
In the past, U.S. contribution requirements for qualified plans 
provided sponsors with relatively stable contributions com-
pared to the amount of risk that was being taken in plans. 
Contributions were still quite volatile, but not nearly as volatile 
as mark-to-market gains/losses. Funding regulations accom-

CONTINUED ON PAGE 30

T raditional pension asset allocations contain so much 
risk that the details of the “liability benchmark” have 
been largely ignored. In the new pension paradigm, 

private plan sponsors (sponsors) are considering immediate 
reductions in risk and/or developing dynamic de-risking strate-
gies that reduce risk as their plan becomes better funded. In 
either case, sponsors need to build their strategies around a 
“risk management liability” benchmark because it drives both 
risk allocation and de-risking decisions.

Neither accounting nor funding liabilities should be used to 
manage risk. Although these measures have migrated toward 
“mark-to-market” liabilities, the rules are still somewhat arbi-
trary and do not facilitate efficient risk management. In fact, 
the methodologies used to develop hypothetical spot curves, 
the survivor bias, the credit spread duration, and the smooth-
ing mechanisms embedded in these measures are impossible 
to hedge.

Furthermore, a risk management liability should not arbitrarily 
contain credit spread risk. As sponsors “de-risk” their plans, the 
inclusion of credit spreads in the benchmark would essentially 
deem credit as “riskless” and would artificially bias sponsors 
toward taking only one type of risk—credit risk.1  In fact, spon-
sors should use a risk management liability benchmark based 
on accumulated benefits that are measured with “risk-free” 
rates. This would avoid the unnecessary bias towards credit 
risk and allow sponsors to continue taking advantage of diver-
sification as pensions are de-risked.

Pension Risks
There is a clear distinction between the two primary types of 
risk within defined benefit pension plans—demographic risks, 
which are inherent in liabilities, and investment risk, which 
is driven by the sponsor’s financing strategy. These risks are 
ultimately addressed in two distinct ways:
•	 Demographic risks2—Sponsors can pay a premium to 

a counterparty to transfer the risk. Note that arbitrary 
regulations and/or negotiations (e.g., lump sum rules) can 
sometimes lead to artificially low prices, which could be 
considered negative risk premiums.
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The graph below illustrates how monthly returns of “duration 
matched” asset portfolios deviated from the monthly returns 
on a PPA liability6 from September 2007, the first month for 
which the IRS published the PPA spot curve, through August 
2010. We have illustrated two hypothetical asset portfolios:
1.	 Swap Portfolio, a portfolio of cash plus fixed-for-floating 

swaps with notional exposures aligned with projected 
benefit payments, and

2.	 Long Corporate Bond Portfolio, a portfolio perfectly rep-
licating the Barclay’s U.S. Long Corporate Bond Index. 
Note that the Barclays U.S. Long Corporate Index tracked 
closer to our PPA liability than other long duration fixed 
income benchmarks over this period.

A perfect hedge for the PPA liability on this graph would show 
a 0 percent deviation. Any deviations above and below the 
horizontal axis indicates the portfolio would have “tracking 
error”7 relative to the PPA liability. The tracking error of the 
Swap Portfolio and the Long Corporate Bond Portfolio was 
18- and 9-percent, respectively, over this period.

In addition, the graph shows the option-adjusted Aa spread 
over the same period. This illustrates the inverse relationship 

plished this by masking risk with smoothing mechanisms (e.g., 
asset smoothing, amortization of gains and losses and plan 
amendments over periods ranging from five to 30 years, etc.).

In the new pension paradigm, economic risk related to pensions 
is relatively transparent due to the migration toward marking-
to-market assets and liabilities. This leads sponsors to make 
more conscious decisions about risk, which often results in 
taking less risk. When that happens, the smoothing mechanism 
in funding regulations can be counterproductive and actually 
increase cash flow volatility. Hence, U.S. funding regulations 
have evolved to give sponsors the ability to use or not to use 
some limited smoothing. However, the regulations still make it 
impossible to fully manage the plan’s cash flow risk.

The Pension Protection Act (PPA) of 2006 lets sponsors use 
“spot rates” to measure pension liabilities. In theory, measuring 
pension liabilities using spot rates should enhance sponsors’ 
ability to manage cash flow risk and economic risk. However, 
the methodology used to develop the “PPA curve” blends Aaa-, 
Aa- and A-rated corporate bond yields averaged over the previ-
ous month. This means PPA liabilities, and hence contribution 
requirements, cannot be fully hedged for the following reasons:
•	 Hypothetical spot curve: The PPA curve is a product of 

methodology and does not reflect an investible portfolio.5

•	 Survivor bias: The PPA curve only contains “survivors.” 
As bonds are downgraded, they are simply no longer 
incorporated when developing the PPA curve. An actual 
asset portfolio would experience losses from defaults and 
downgrades.

•	 Credit spread duration: There simply are not enough 
long maturity corporate bonds available for sponsors to 
get long maturity credit exposure.

•	 Smoothing: By definition, “market smoothing” does not 
reflect market values, so the averaging methodology used 
over the previous month cannot be hedged. 

Using the PPA Liability as a Benchmark
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Inability to hedge “credit spread duration”: A significant 
portion of the residual tracking error is driven by the “credit 
spread duration” mismatch. The graph below illustrates the 
number of high-quality U.S. corporate bonds that existed as of 
Aug. 31, 2010. The vast majority of corporate pensions would 
need bonds of at least 20 years to maturity to hedge liabilities. 
At the time, there were only 57 bonds issued with a total par 
value of $49 billion that had a maturity greater than 20 years.10 

This amount pales in comparison with the estimated pension 
liabilities for the S&P 500 of $1.6 trillion as of Aug. 31, 2010.11

between changes in credit spreads and portfolio performance 
relative to the PPA liability. Although both asset portfolios are 
“duration matched,” they have less “credit spread duration” 
than the PPA liability. Consequently, when credit spreads 
widen, these asset portfolios tended to outperform liabilities 
and vice versa.

Accounting Liabilities—Better But 
Still Unhedgeable
Absence of smoothing: Accounting standards measure pen-
sion liabilities on a basis that is more representative of the 
current economic environment than PPA, because the standard 
does not require smoothing over the previous month. Pension 
assets used for balance sheet purposes are reported at market 
value, and liabilities are measured using rates derived from the 
prevailing high quality corporate bonds.8

The key difference in the rates used to measure accounting 
liabilities from PPA rates is the absence of smoothing and the 
methodology used to estimate the spot curves.9 In order to pro-
vide a direct comparison of how well the Swap Portfolio and 
the Long Corporate Bond Portfolio track accounting liabilities 
(measured with the Citigroup Pension Liability curve) versus 
PPA liabilities, the summary below reflects only the period 
from September 2007 through August 2010. While these port-
folios better track accounting liabilities, a considerable amount 
of tracking error still exists.

Portfolio Tracking Error (Sept ’07 
– Aug ’10)

Benchmark Swap
Long Corporate 

Bond 

PPA Liability 18% 9%

Accounting 
Liability

15% 5%

Source: Bloomberg as of Aug. 31, 2010

High Quality U.S. Corporate Bonds

CONTINUED ON PAGE 32

…the inclusion OF credit spreads in  
the benchmark would essentially deem credit as  

‘riskless’ and would artificially bias sponsors toward 

taking one type of risk—credit risk.

“
“
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Hence, a significant amount of liability volatility is driven 
by credit spreads and the Swap Portfolio no longer tracks 
liabilities well.

Although the Long Corporate Bond Portfolio does track 
accounting liabilities better when credit spreads are wide, the 
higher tracking error associated with the Swap portfolio could 
be considered “good tracking error.” If credit spreads were 
hedged with the Long Corporate Bond Portfolio prior to credit 
spreads widening, the asset portfolio and liabilities would both 
decrease. On the other hand, if credit spreads were not hedged, 
only the liabilities would have decreased as a result of credit 
spreads widening so the tracking error in the Swap Portfolio 
would have been beneficial.

Survivor bias: The PPA curve and accounting curves are 
developed independently from one period to the next. As a 
result, they don’t reflect losses that would have been created 
by bonds that were downgraded over the period. There is often 
a misperception that the projected benefit payments could be 
hedged with a portfolio of high-quality corporate bonds with 
a market value equal to accounting liabilities. However, this 
portfolio would be insufficient to pay for the projected benefit 
payments, because the portfolio would inevitably have defaults 
and/or downgrades (i.e., technical defaults).

In order to illustrate this concept, we have modeled portfolios 
invested in Aa bonds and in risk-free bonds in connection with 
our sample pension liabilities, on both a deterministic basis 
(using assumptions for defaults on Aa bonds published by 
Moody’s15) and a stochastic basis using the GEMS® Economic 
Scenario Generator.16 The first graph is based on the deter-
ministic forecast. In this example, the liability for this stream 
of payments measured on a Aa basis is approximately $900 
million. If a $900 million portfolio could be cash-flow matched 
with Aa bonds, the portfolio would be expected to run out of 
money in 35 years (assuming no future contributions).

When fixed income managers construct long-duration port-
folios, they are largely limited to long-duration treasuries/
agencies and/or interest rate derivatives that contain inadequate 
credit spread exposure to hedge accounting liabilities. Hence, 
there is a credit spread duration mismatch.12 The graph below 
illustrates the relationship between Aa credit spreads13 and the 
tracking error of the Swap Portfolio and the Long Corporate 
Bond Portfolio relative to accounting liabilities from October 
1996 through August 2010.14

When credit spreads are “tight,” changes in credit spreads are 
relatively small, so both portfolios track accounting liabilities 
fairly well. This indicates the majority of liability volatility is 
driven by risk-free rates when credit spreads are tight. Even 
during moderate credit spread environments (e.g., January 
1999 through September 2003), both portfolios hedge the 
majority of liability volatility.

On the other hand, when credit spreads are wide (e.g., July 
2007 through December 2009), they can vary significantly. 

Using the Accounting Liability as a Benchmark

“Risk-Free” Liabilities | From Page 31

There is often a misperception that the 

projected benefit payments could be hedged with a portfolio 

of high-quality corporate bonds with a market value equal 

to accounting liabilities.

“ “
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On the other hand, if the $900 million portfolio 
were invested in a “Risk-Free” Portfolio, it would 
be projected to run out of money in 20 years (bot-
tom dotted line). In order for a Risk-Free Portfolio 
to pay all benefit payments, additional capital of 
approximately $200 million (totaling to $1.1 bil-
lion) would be required to offset the lower expect-
ed returns (top dotted line). (See chart, top, left).

The stochastic projection shown on the graph 
below provides similar results. In this projection, 
a $900 million portfolio would be expected to run 
out of money in 32 years. In the worst 5 percent 
of scenarios, the portfolio is projected to run out of 
money in under 20 years. In the best 5 percent of 
scenarios, the portfolio is projected to be sufficient 
for at least 45 years. But there are no scenarios 
where the portfolio is able to pay for all projected 
benefit payments. (See chart, bottom, left).

Proposed Risk Management 
Liability
Accumulated Benefits Organizations need to 
manage compensation holistically so they pro-
vide competitive total compensation packages to 
employees. It is important not to manage com-
ponents in isolation because independent deci-
sions tend to allocate resources inefficiently. For 
example, the impact on pension benefits has not 
typically been considered when awarding salary 
increases. These uninformed decisions can cause 
sponsors unintentionally to provide a dispro-
portionate amount of capital to longer service 
employees. Sponsors have control of pay increas-
es and should make informed decisions.

CONTINUED ON PAGE 34
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Consequently, it is important for risk management liabilities to 
exclude credit spreads.

In general, there are two primary types of spot curves that 
could be used to develop a risk management liability bench-
mark: (a) a treasury curve, and (b) an interest rate swap curve. 
In either case, excluding credit spreads from the measurement 
of liabilities will avoid biasing the investment process. A 
description of portfolio construction belongs in a different 
article; however, the chart on the left side below illustrates 
how a diversified portfolio of risk would be expected to 
significantly outperform a portfolio limited to high-quality 
corporate credit (as illustrated in the previous section) which 
would never exceed the dashed risk-free line. Furthermore, 
understanding the capital required to actually defease liabili-
ties allows the sponsor to properly develop de-risking strate-
gies (e.g., hedging projected benefit payments with treasur-
ies, transferring assets and liabilities to a life insurer).

Furthermore, investment managers should not be held respon-
sible for factors controlled by the sponsor. Including future sal-
ary increases in the risk management liability benchmark mis-
takenly classifies those increases as an uncontrolled risk, which 
often leads to the artificial bias towards real assets (i.e., assets 
providing some protection against the inflation component of 
salary increases). Because of this bias, the risk management 
liability benchmark should be limited to accumulated benefits.

Risk-free Interest Rates There is risk associated with offering 
credit to borrowers (or buying non-treasury bonds). The fact 
that funding regulations and accounting standards encourage 
sponsors to take credit risk over other types of investment 
risk is completely arbitrary. Sponsors must recognize the 
risk associated with providing credit (or owning non-treasury 
bonds), both to improve understanding of the amount of capital 
required to defease liabilities, and to force a conscious decision 
to be made about taking credit risk relative to taking other risks. 

“Risk-Free” Liabilities | From Page 33
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Inflation protected benefits Although few U.S. corporate 
pensions provide inflation indexation, many public pensions 
and corporate pensions outside of the U.S. provide protection 
against inflation. The risk management liability benchmark for 
these plans should measured with real rates implicit in sov-
ereign inflation-protected securities (where possible) or other 
types of inflation-protected products.

Cash balance plans Funding regulations and accounting stan-
dards can be seen as severely flawed with regard to valuing 
cash balance liabilities. The minimum liability should be at 
least the sum of the account balances. Although the economic 
liability is often significantly higher17, the sum of the balances 
provides a reasonable risk management liability benchmark 
because a return based on this benchmark would equal the 
interest crediting rate. Note this approach should only be 
applied to participants with account balances.

Conclusions
As sponsors begin to reduce risk in their plans, it is important 
that they build their strategies around a “risk management 
liability” benchmark, since it influences both risk allocation 
and de-risking decisions. Ideally, this benchmark would be able 
to concurrently manage cash flow, accounting, and economic 
risk. However, the methodology used to develop spot curves, 
smoothing mechanisms, credit spread duration, and survivor 
bias makes this an impossible task.

No one would ever suggest sponsors should stop taking advan-
tage of arbitrary accounting standards and funding regulations 
which understate pension liabilities. However, managing risk 
relative to a “risk-free” benchmark would improve sponsors’ 
investment decisions; it would not arbitrarily bias sponsors to 
take credit risk, and it would provide the best estimate of the 
capital required to defease pensions. 

In absolute terms, domestic sovereign debt is the lowest-risk 
investment vehicle, so a purist would prefer a treasury curve.  A 
liability measured with treasury rates could be hedged with a 
portfolio of treasury strips.18  

In general, interest rate swap curves contain rates higher than 
treasury curves.  That is, there is a positive swap spread.19  
However, unlike the credit spreads embedded in the curves used 
for accounting and funding, swap spreads do not tend to be 
driven by credit because collateral can be rigorously managed to 
minimize any counterparty risk related to swaps.  The swap spread 
is driven by supply-and-demand for less capital-intensive vehicles, 
liquidity, and the fact the floating rate (e.g., LIBOR) exceeds trea-
sury rates.

If a sponsor had capital equal to the liability measured with swap 
rates (i.e., the swap liability) and a portfolio of fixed-for-floating 
interest rate swaps with notional exposures aligned with pro-
jected benefit payments, returns on the underlying assets must 
be at least equal to the floating rate (which would be exchanged 
for the fixed rate on a net basis) to assure assets are sufficient to 
pay for liabilities over time.  Given the floating rates are based 
off of LIBOR and these rates exceed treasury rates20; investment 
risk must be taken to try to achieve a return sufficient to service 
the float without prematurely depleting capital in this situation.  
Sponsors should understand the residual risk inherent in such a 
portfolio.

However, there are at least two potential advantages of using a 
risk management liability based off of a swap curve21 :  (1) it tends 
to provide a better estimate of the capital required to defease 
liabilities with an insurance company, and (2) it provides a bench-
mark that could be hedged with “interest rate overlay” portfolios.  
The latter is a practical consideration for plan sponsors that want 
to retain a substantial amount of capital for non-liability hedging 
assets.  Ultimately, if the sponsor chooses to retain the liabilities 
and wants to minimize investment risk (i.e., restrict assets to liabil-
ity hedging assets), the sponsor may want to migrate to a treasury 
measure of liabilities for the reasons indicated in the previous 
paragraph.

… a diversified portfolio of risk would be expected to 

significantly outperform a portfolio 

limited to high-quality corporate credit …
“

“
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END NOTES
	  
1 � �Technically, including credit spreads in the measurement of liabilities should 

only bias risk decisions toward credit spread risk, not default risk. However, 
in practice, there are limited ways to achieve this exposure so most portfolios 
containing credit spread risk also contain default risk.

2	� For simplicity, we will consider certain “hybrid” risks such as anti-selection that 
is potentially tied to the economic environment as a demographic risk.

3	 �In our opinion, this is only possible due to inefficiencies in insurance business 
models, resulting in underpriced annuities (i.e., shareholder value is destroyed 
when group annuity business is written).

4	� Our estimate is based off of an informal survey conducted with several of the 
largest U.S. life insurers.

5	� Per IRS Notice 2007-81 that provides guidance on the corporate bond yield 
curve and segment rates required to compute the funding target under IRC 
Section 430, the yield curve is “calculated for each business day of the month 
based on investment grade corporate bonds in the top three quality levels. … 
The daily yield curve is expressed as the yield for a zero coupon bond at each 
maturity point from one-half year to 100 years, in half-year intervals. The value 
at any maturity point of the monthly yield curve is set equal to the arithmetic 
average for all of the business days in a month of the values for that maturity 
point from the daily yield curves. The monthly yield curve then is the set of 
values for each of the 200 maturity points.”

6	� Based on a generic set of projected benefit payments with duration approxi-
mately equal to 12.

7	� Tracking error measures how closely a portfolio performs relative to a bench-
mark and is calculated as the standard deviation of the difference in returns 
between the portfolio and benchmark.

8	 �The guidance on discount rates in FAS 158 paragraphs B86 and B87 refer-
ences paragraph 186 of FAS 106, which states, “The objective of selecting 
assumed discount rates is to measure the single amount that, if invested at 
the measurement date in a portfolio of high-quality debt instruments, would 
provide the necessary future cash flows to pay the accumulated benefits when 
due. Notionally, that single amount, the accumulated postretirement benefit 
obligation, would equal the current market value of a portfolio of high-quality 
zero coupon bonds whose maturity dates and amounts would be the same as 
the timing and amount of the expected future benefit payments.”

9	 �Accounting liabilities also include the impact of projected future pay increas-
es. Given we are essentially treating projected benefit payments as certain, we 
will only address the future pay increases issue with our final risk management 
liability benchmark recommendation.

10	� Data on corporate bonds with a Moody’s rating of A1 or higher were down-
loaded from the Bloomberg system as of Aug. 31, 2010. The data was then 
screened to eliminate bonds that are inappropriate for determining discount 
rates under ASC 715. Because corporate bonds are not traded on exchanges, 
information on some bonds can be thin or doubtful. Accordingly, we exclude 
from consideration bonds with insufficient liquidity, bonds with questionable 
pricing information, and bonds that are not representative of the overall bond 
market.

11	� Pension liabilities, service cost and benefit payments for the S&P 500 com-
panies were downloaded from Factset and rolled forward to Aug. 31, 2010 
assuming an average duration of 12 and reflecting the change in the discount 
rate based on the Citigroup Pension Liability Index.

12	� It is possible to leverage exposure to credit spreads using credit default 
swaps (CDS) or other credit derivatives. However, these instruments tend to 
have short maturities (most commonly five and 10 years), so they do not offer 
exposure to the correct portions of the “credit spread term structure.” In 
addition, it would require amounts of leverage most sponsors have not been 
comfortable taking.

13	� Option adjusted credit spread on U.S. Aa information was provided by 
Barclays Capital through August 31, 2010.

14	� The tracking error was calculated based on a trailing 12-month difference in 
returns between the portfolios and the accounting liability determined using 
the Citigroup Pension Liability curve. Note that monthly Citigroup Pension 
Liability curves were only available back to Sept. 30, 1995.

15	  �An annualized recovery-adjusted default rate of -0.2% was estimated from 
the 20-year default rate on Aa bonds of 7% as published by Moody’s in the 
January 1997 article “Historical Default Rates of Corporate Bond Issuers, 1920 
– 1996” and an assumed recovery rate of 40%.

16	  �GEMS® is a registered trademark of DFA Capital Management Inc.   GEMS® 
is a state-of-the-art Economic Scenario Generator developed by DFA Capital 
Management Inc.’s team of quantitative finance experts and its financial mod-
els are amongst the most technologically advanced in the industry.  GEMS  

Chad Hueffmeier, CFA, FSA, MAAA, is the Chief Investment Officer of Pension Investment Risk 
Management for Buck Consultants. He can be reached at chad.hueffmeier@buckconsultants.com

Shirley Cheung, FSA, EA, MAAA, is a senior consultant with Buck Consultants.  She can be reached at 
shirley.cheung@buckconsultants.com
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	�  �enables users to simulate future states of the global economy and financial 
markets including the pricing of derivatives and alternative assets and is 
designed to do large-scale, distributed, scalable simulations.  GEMS gener-
ates all the financial economic and macroeconomic variables necessary for 
risk management including multiple correlated common stock indices, equity 
derivatives, alternative investment classes, treasury bonds, corporate bonds, 
mortgage backed bonds and CMOs, municipal bonds, interest rate deriva-
tives, real estate, actual and expected multiple inflation indices, nominal and 
real GDP growth rate, foreign exchange and the unemployment rate. 

17	  �Cash balance plans generally provide embedded options (e.g., minimum 
interest crediting rates) and/or guaranteed future subsidies (e.g., above mar-
ket returns such as one-year treasury rates plus 1%) so the economic value of 
the liabilities is often greater than the sum of account balance. 

18	  �In the U.S., treasuries are only issued out to 30 years so benefit payments pro-
jected beyond 30 years could not be fully hedged with treasuries.  Although 
this would not eliminate future investment risk, treasuries would provide the 
lowest risk investment option.

 

19	  �Note there has been a negative swap spread for long maturities since late 
2008.  This provides further support that the spread is driven by the indicated 
factors rather than credit.

20	  �Over the past five, ten, and twenty years the average spread between 90-day 
U.S. LIBOR and 90-day treasuries has been 0.70%, 0.48%, and 0.44%, respec-
tively.

21	  �More detail regarding the attractiveness of using swaps to measure pension 
liabilities is provided in the August 2002 edition of Morgan Stanley’s “Global 
Pensions Quarterly” - “Discount Benchmarks For Defined Benefit Pension 
Plans” written by Michael Peskin and James Moore.
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Can Canada Provide 
Answers to America’s 
Real Estate Malaise?

Over Time, One Market Held Up, 
One Didn’t

By Jonathan Glowacki, Ken Bjurstrom, and Eric 
Wunder

I n recent years the residential mortgage market in the United 
States has become severely distressed. The downturn in 
the U.S. residential mortgage market spilled over into the 

global financial markets due to the explosion of mortgage 
securitization over the last decade ultimately leading to what 
is now known as the “Great Recession.” Although there 
have been recent signs of a recovery, the economic malaise 
continues in the U.S. residential real estate market. Housing 
starts fell to an annual rate of 276,000 for August 2010, down 
from 310,000 a year earlier, according to the Department of 
Commerce. In addition, bank repossessions of houses topped 
95,000 in August, up 25 percent from a year earlier, according 
to RealtyTrac, a research firm. These sour numbers continue to 
put downward pressure on future home price projections.

Canada, on the other hand, has maintained a relatively stable 
residential mortgage market during these difficult times. 
Canadian housing prices are rising, with average home prices 
hitting an all-time high in June 2010, up 14 percent over a 
12-month period, according to a house price index developed 
by Teranet, a data firm and the National Bank of Canada. 
Canada’s recession was also less severe. For Canada’s two 
quarters of negative growth, its real annualized GDP fell 3.4 
percent in the fourth quarter of 2008 and 5.4 percent in the first 
quarter of 2009, according to Statistics Canada, a government 
agency. (That compares with annualized declines of 6.2 percent 
and 5.7 percent for the same period in the United States). Why 
the stark difference in economic performance between the two 
neighboring countries? A brief comparison of the two coun-
tries’ mortgage policies may provide the answer.

Government Policy
One big difference between the two countries involves how 
each government shaped housing policy in the 20th century. 
The United States’ current system had its origin in the National 
Housing Act of 1934, a law that was part of the New Deal 
legislation during the Great Depression. The law was passed 
in response to the collapse in the value of homes and a wave 
of subsequent foreclosures that swept the nation during the 
Great Depression. “Congress affirms the national goal that 

every American family be able to afford a decent home in 
a suitable environment,” the law stated. The act created the 
Federal Housing Administration (FHA), whose goal was to 
provide an affordable home financing system to low income 
borrowers through governmental mortgage insurance. FHA 
Insurance requires a small down payment (just 3.5 percent of 
the purchase price) and removes borrower credit risk from the 
lender to the government. The National Housing Act added to 
what was already a favorable tax climate for investing in real 
estate: the mortgage interest deduction was introduced in 1913, 
allowing homeowners to itemize mortgage interest payments 
from their taxes. Real estate taxes were also made deductible. 
The collection of these efforts allowed the government to 
encourage affordable housing for all Americans while giving 
less consideration to the borrower’s ability to afford the home.

Subsequently to the National Housing Act, the government 
created government-sponsored enterprises (GSEs) to improve 
liquidity in the secondary mortgage market. Fannie Mae was 
formed in 1938, with the goal to expand the secondary mort-
gage market by securitizing mortgages. Mortgage securitiza-
tion allows banks to move loans off the balance sheet and frees 
up capital, so the banks can provide buyers with more financ-
ing for home purchases. In 1970, Fannie Mae was authorized 
to buy private mortgages (those not insured by the FHA or 
another governmental agency), thus increasing the amount of 
mortgages that could be issued to borrowers who did not meet 
the FHA’s underwriting guidelines. Freddie Mac was also 
formed that year to compete with Fannie Mae.

Canada took a different approach to home ownership. It formed 
the Canadian Mortgage and Housing Corporation (CMHC) in 
1954, which, as its national housing agency, focused on main-
taining housing supply and making home buying a practical 
option for those that had the means and desire to own a home. 
The CMHC was charged with promoting the construction of 
new houses, repairing and modernizing the current housing 
stock, and furthering the living conditions of Canadians. Its 
focus was on housing supply in the private markets, making 
owning a home a reasonable option and helping to reduce 
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were closely linked to the collapse of the residential real estate 
market in America.

The United States expanded the use of mortgage securitization 
in the 1980s, offering investors a steady stream of income. 
Issuance of “mortgage-backed securities” (MBS) took off in 
the 1990s, growing in popularity each year, reaching nearly 
$2.7 trillion in 2003, up from $318 billion in 1995. By the mid-
2000s, the banks, thrifts and mortgage finance companies faced 
unprecedented demand for the securities by investors. MBS 
issuance represented 54 percent of all originations in 2000. By 
2007, the percent of mortgage financing from securitization 
jumped to 81 percent. Another significant change involved the 
amount of non-agency—or private—debt being securitized. 
Non-agency debt includes loans that don’t conform to the stan-
dards of Fannie Mae and Freddie Mac, such as subprime, Alt-
A, and jumbo loans. Non-agency securitized debt represented 
just 12 percent of all originations in 2000; by 2006, that number 
ballooned to 42 percent of all originations or equivalently $1.1 
trillion of originations. 

Many U.S. originators began to issue riskier loans because 
they were more profitable, and the originators found fewer 
buyers with high credit ratings, leaving them to either crimp 
lending or move downstream to lower credit scores. The riskier 
loans included subprime lending, which made up 21 percent 
of all RMBS issuance in 2005, up from 7 percent in 2003. 
Meanwhile, so-called Alt-A loans also grew rapidly over the 
same time period. These included interest-only loans, those 
with little or no documentation (no-doc), no-down payment 
loans, and teaser loans that would reset to a higher interest rate 
at a later date. Alt-A loans securitization grew to 17 percent by 
2005, up from 2.7 percent two years earlier. Debt-to-income 
ratios used for adjustable-rate mortgages (ARMs) historically 
were measured at the current floating rate, rather than the high-
est possible rate over a longer period of time, such as five 
years. This allowed riskier borrowers to pass the litmus test.

the chance of mortgage defaults. So, while the United States 
focused on financing, Canada has a hand in directly helping 
citizens buy and stay in homes. CMHC mortgage insurance 
also has stricter underwriting standards: buyers must put 5 
percent down, the CMHC has higher loan-to-value require-
ments for refinance loans, and debt-to-income ratios must use 
the average major lender-posted five-year rate as opposed to a 
current “teaser rate.” Finally, Canada eschewed tax incentives 
for home ownership.

Different Policies, Different 
Outcomes
The government policies helped shape how citizens in each 
country approached home buying. The United States used 
lower down payments and tax incentives to reinforce its policy 
of every American owning a home. Canada instead shunned 
incentives and emphasized higher down payments focusing 
on quality housing for Canadians with the means to purchase 
a home. Since Canadians tended to have more equity in their 
houses due to the higher down payments, they also had a 
lower probability of default. The difference in policies meant 
a divergence in risk on the table for the financial industry. 
Mid-decade, about 22 percent of outstanding mortgages in the 
United States had a loan-to-value ratio (LTV) of 80 percent or 
higher, and 7 percent ranged from 90 percent to 100 percent. 
That compared with 16 percent of mortgages in Canada hav-
ing an LTV of 80 percent or above, with 1.5 percent in the 90 
percent to 100 percent range. The more equity (and inversely, 
lower LTV) an individual has in their home, the lower the 
default probability. American society seems to encourage 
stretching one’s money which led to lower down payments 
and consequently a greater percentage of loans with high 
LTV ratios. This in turn corresponds to higher probabilities 
of default and inflated home prices as the demand for higher-
priced homes artificially increased.

Securitization and Underwriting
Another key difference between the United States and Canada 
is their approach to securitization and underwriting, which CONTINUED ON PAGE 40
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to retain mortgages on the balance sheet for the life of the 
mortgage, instead of selling them to investors and jettisoning 
the risk.

Canada avoided a collapse in part by maintaining its his-
torically tighter underwriting standards, which call for higher 
down payments, short- to medium-term fixed rate loans with 
a longer amortization period of 25 to 30 years following the 
fixed rate period (after which the rate resets to the market rate), 
and other enhanced underwriting requirements when compared 
to more recent U.S. subprime and Alt-A lending. Subprime 
lending remained a fraction of the U.S. pace, accounting for 
roughly 5 percent of the market in 2006, compared with 22 
percent in the United States.2 Its Alt-A segment remained small 
this decade, and the debt-to-income ratios used to underwrite 
ARMs assumed the average major lender-posted five-year rate 
as opposed to the U.S. method of using a current “teaser rate.” 
While standards started to loosen somewhat prior to the U.S. 
subprime crisis, Canadian lenders were able to curtail lending 
in the category once they saw the disturbing outcome in the 
United States.

Retention of Risk Provides a Safety 
Valve
When loans can be packaged and sold as bonds to investors, it 
creates more liquidity in the secondary market. Yet that benefit 
presents a weakness for the system. In the escalation of MBS 
volume, once the loans were securitized, they were removed 
from the balance sheet of the banks that originated them. In 
essence, U.S. banks and other originators could write very 
risky loans and not actually retain the risk, so long as they were 
able to securitize the debt. Banks earned money through origi-
nation fees and spreads above the interest paid on the securities. 
On the other hand, Canadian banks tended to retain the mort-
gages on the balance sheets. By carrying the risk, banks tend to 
be more responsible in their underwriting since the banks were 
exposed to the credit risk of the mortgages.

As loans moved off the originators’ balance sheets, so did the 
risk: for the most part, investors assumed the liability. Rising 
demand for the private-label MBSs continued, and origina-
tors went with riskier borrowers to help satiate the appetite of 
the investment banks, which packaged the bonds. Investment 
banks earned lucrative fees and were often able to structure the 
securities in such a way that they could still obtain a high credit 
rating from the rating agencies regardless of the collateral 
backing the security. Often MBSs laden with subprime loans 
received the highest possible rating, allowing large institutions 
around the globe to invest in what were deemed to be some of 
the safest fixed-income securities.

Loose underwriting, helped by low interest rates, meant credit 
was cheap and readily available. Both subprime and Alt-A 
lending increased the demand for homes by making credit 
available to borrowers who previously were not able to obtain 
financing. Meanwhile, the increase in the supply of homes 
could not keep pace with the increase in demand. This dis-
connect between supply and demand contributed to the rapid 
increase in property values. Furthermore, the artificial spike in 
demand was encouraged by the belief that home prices in the 
United States would not decline since they have not done so 
since the Great Depression. However, a slowing economy in 
2006 eventually lead to falling prices  leaving deeply leveraged 
home borrowers high and dry, precipitating record defaults 
and a wave of failures of financial institutions and mortgage 
originators.

With Cooler Temperatures, a Cooler 
Reception to Risk
In Canada, securitization was much slower to catch on, and 
never reached the fever pitch it did south of the border. About 
$267 billion of outstanding loans have been securitized, rep-
resenting 29 percent of all loans, according to a report by the 
International Monetary Fund.1 Moreover, only $24 billion of 
those were private label (meaning they did not have a gov-
ernmental guarantee), compared with $3 trillion in the United 
States from 2005 to 2007. This means Canadian banks tend 
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did not fall as hard as the United States’ housing market and 
has resumed steady increases in property values.

Conclusion
Major differences between the U.S. and Canadian residential 
mortgage market range from the overall government policy 
and societal values to the drive of bankers to increase revenue. 
Given these differences, it appears very unlikely that there is 
a quick fix to the U.S. problems in the residential mortgage 
market. On the other hand, Canada’s market strength during a 
global economic slowdown gives insight into adjustments that 
can possibly be made over time to the U.S. market.

While the U.S. system created a property bubble and set the 
stage for a real estate crash, Canada’s more conservative 
approach allowed it to avert a collapse itself. Its lag behind the 
United States in loosening of lending practices gave it a looking 
glass into the unraveling of the subprime market in America. 
By extending less mortgage credit to those with questionable 
income and credit Canada avoided skyrocketing property val-
ues, and the inevitable unwinding as was the case in the highly 
leveraged American market. The figure above summarizes the 
outcome of the two approaches to housing. The Canadian mar-
ket did not appreciate as quickly as the United States’ housing 
market from 2000 to 2006; however, the Canadian market also 

Home Price Index Comparison 
United States To canada

The United States used lower down payments 
and tax incentives to reinforce its policy of 

every American owning a home.  Canada instead shunned 

incentives and emphasized higher down payments …

“
“
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securities to retain 5 percent of the risk under certain condi-
tions. In the longer term, a potential beneficial change could 
also involve a shift in social mindset in American borrowers 
that values maintaining less debt by putting down a higher 
down payment. 

Potential changes to the U.S. residential mortgage market could 
include a change in government policy away from the idealis-
tic stance that every American should own a home; rather the 
United States may want to focus on ensuring every American 
has a place to live—either through ownership or rent. No 
doubt, strict and consistent underwriting standards—much of 
them back in place today—will help. Prudent securitization 
would also help preserve a more conservative approach, or at 
least minimize the chances of another period of writing loans—
no matter what their risk—solely for the sake of securitizing 
them. Some of these issues are being partially addressed by 
the Dodd-Frank Act. The Dodd-Frank Act focuses on more 
prudent underwriting criteria and requires companies selling 
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END NOTES
	  
1	  �IMF Working Paper: Canadian Residential Mortgage Markets: Boring But 

Effective? June 2009. p. 5.
2	� “Why Didn’t Canada’s Housing Market Go Bust?” Federal Reserve Bank of 

Cleveland. December, 2009.
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