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ABSTRACT 

 

While financial planning students are expected to be able to understand client retirement plans, subtle differences in 

cost-of-living adjustments can have major impact on the success  of client retirement plans. This teaching note 

compares the cost-of-living adjustments in the largest government sponsored retirement systems and a hypothetical 

traditional privately sponsored plan.  Using a Monte Carlo simulation, we estimate the impact on retirement 

experience from the different COLAs.  These differences are large, with differing protection from future inflation 

and differing risk for running out of money during retirement. This teaching note will help instructors address 

Certified Financial Planner (CFP) Board Learning Outcome G.52 “Retirement Needs Analysis”.   The material 

may also be used in economics, human resources, public administration, and other classes addressing policy 

aspects of retirement plans. 
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INTRODUCTION 

 

his is a teaching note about an often overlooked but extremely important detail in defined benefit 

retirement systems, the cost-of-liv ing adjustments and how they are calculated.  Th is topic is not 

covered in most financial planning textbooks, except perhaps for a mention of their existence. 

Differences between COLA clauses in different retirement plans, however, will be shown to have substantial 

potential impact  on the value of those plans to retirees over time.  The three public retirement plans we consider 

include over 4,000,000 members and  the fourth, Social Security, currently provides ret irement benefits to over 

40,000,000 members. The material in  this teaching note is of primary importance to instructors in finance and 

financial planning, but may also be of use in selected economics, human resources, public admin istration, and 

business law courses. 

 

While the current economy is not struggling with inflationary pressures, from t ime to time these can appear and have 

significant impact on the long term success of retirement p lans.  Because of this, the Cert ified Financial Planners 

Board of Standards “Student-Centered Learning Objectives based upon CFP Board Principal Topics (rev 2015)” 

(CFP Board, 2016) specifically identifies the effects of inflat ion on retirement cash inflows as a key point in its 

learning objective G.52 “Retirement Needs Analysis”.    

 

At one time, t raditional defined benefit (DB) pension plans with cost-of-liv ing adjustments provided some inflation 

protection for retirees.  One popular financial planning textbook advises “You should also consider whether the plan 

includes a regular cost-of-liv ing adjustment (COLA) to the benefit you receive.  Although your in itial benefit might 

be plenty to live on, inflation will gradually make it more d ifficult  to make ends meet.  Many DB plans don’t 

promise specific COLAs.” (Bajtels mit, 2006) However, defined benefit plans are qu ickly disappearing from t he 

private sector and are increasingly a feature just of public employment.  Bureau of Labor Statistics research 

(Wiatrowski, 2012) reports that traditional pensions, including those with cost -of-living allowances, are found in 

only 10% of all private sector establishments while 78% of public employees are covered by such plans.   

T 
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The difference in the buying power of retirement income between defined benefit plans with COLA clauses and 

other plans is important for financial planning students, practicing financial planners, and instructors in financial 

planning and finance programs to understand.  According to the Congressional Research Service, using data from 

the U.S. Current Population Survey, approximately 16% of U.S. workers are employed by the public  sector (CRS, 

2014) and most of these are covered by a defined benefit p lan.  As early as 2000, economists in the Bureau of Labor 

Statistics Office of Employment Pro jections were estimating that about half of public employees were “Baby 

Boomers” and nearing retirement (Dohm, 2000).  Currently, this suggests that there could be as many as 2,000 

retirees a day with public employee retirement plans. 

 

As part of their training in required financial p lanning courses, students in the nearly 400 CFP Board Registered 

Programs at U.S. universities are required to understand pension plans and the characteristics of retirement income 

including the impact of inflation. Public ret irement systems receive little attention in popular textbooks and 

references (e.g., Bajtels mit  (2006), Tyson (2012), Garman & Forgue (2015), Milevsky (2012), Hallman & 

Rosenbloom (2009), Horan (2009)).  On  the one hand, it may appear to students that large public employee 

retirement  systems are alike.  On  the surface these plans seem similar, yet  there are subtle yet important differences 

in cost-of-liv ing adjustment (COLA) provisions, differences that are not addressed in popular personal finance 

textbooks and references and about which financial planning capstone, retirement planning, and person al financial 

planning instructors should be aware of for use in classroom discussion. 

 

In the fo llowing  discussion, we illustrate for financial planning students, their professors, and others interested in 

teaching about public pensions how even the existence of a COLA can result in strikingly different results 

depending on how the COLA is constructed.  We illustrate how in inflat ionary times having any COLA is of great 

value when compared to those retirement plans without one.  Besides its use as a teachin g resource for financial 

planning capstone, retirement, and personal finance courses, this teaching note can serve as a resource for business 

students as well as financial planners, accountants, and other professionals who are concerned with retirement 

planning and for those reviewing public policy regarding reorganization of public pension plans.   

 

In this discussion, we analyze the cost-of-living adjustment methods used by the three largest public employee 

retirement systems, the U.S. Social Security system, and a “vanilla” retirement plan  without a COLA clause.  Public 

plans considered include the California Public Employees’ Retirement System (CalPERS) which benefits 

approximately  1,815,700 members in California and has approximately $300bb under manage ment (CalPERS 

2016), the Civ il Service Ret irement System (CSRS) which is an older system benefiting many federal employees, 

and the Federal Employees Retirement System (FERS) which is a newer system for federal employees. Together, 

these two federal systems cover approximately 90% of the federal civilian workforce, with 2,400,000 members 

(U.S. Census, 2014) and almost $1trillion under management.  We also consider a fourth cost -of-living adjustment 

method, that employed by the U.S. Social Security System.  The Social Security System, which covers most workers 

in the United States, has about 40,000,000 current recipients and almost $3 trillion invested in the Social Security 

trust fund (SSA, 2016). 

 

We begin with a brief introduction to the representative government-sponsored pension plans particularly focusing 

on their COLA characteristics.  We then describe our analytical method, called a Monte Carlo simulation, that we 

use to evaluate the impact of variations in COLA clauses. We then present and describe th e results and a discussion 

of several implications from these findings.  We conclude with a discussion of several classroom applications and 

overall observations. 

  

Introduction to Representative Government Sponsored Retirement Plans  

 

Typical academic classes on pensions primarily focus on plans that employers might offer to their employees. From 

an employee’s perspective, traditional "defined benefit" pension plans generate a fixed annual benefit fo llowing a 

company-specific formula. Often the benefit is the product of the employee’s final-year salary o r an average of some 

number of years of salary, the total number of cred ited years of employment, and a company specific factor such as 

2% per year of service.  For example, an employee working at a firm for 30 years who retires with a salary of 

$100,000 might expect a defined benefit payment of $100,000 x 30 x 2% = $60,000.00.   
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The computation of benefits by multip lying a base wage by a number of years of service is common in private and 

public ret irement p lans.  However, in stark contrast to government sponsored retirement plans, the few remaining 

private plans tend not to offer cost-of-living allowances (Butrica, 2009).  In the rest of this section, we provide a 

brief introduction to the Social Security system, which is the largest retirement system in the U.S., the CalPERS 

system, which  is the largest state or local government sponsored system in  the U.S., and the two primary federal 

civilian retirement plans.  

 

Social Security  

 

As detailed in Social Security Administration (2016), Social Security provides a variety of benefits for working 

Americans, including ret irement, disability, death, medical, and spousal and survivor benefits.  The most financially 

important of these benefits is the Social Security retirement benefit that allows workers and their spouses to begin 

collecting ret irement benefits at age 62 or later. The retirement benefits are based on a formula o f the best annual 

earnings over thirty-five years.  The decision about when to begin taking Social Security benefits is complicated and 

calls for careful consideration, often with the advice of counselors and financial planners.  

 

The Social Security trust fund currently has nearly  $3 trillion under management and provides retirement benefits to  

nearly 40,000,000 people. 

 

The calculation o f annual cost-of-living ad justments is straightforward.  The COLA is the percentage increase in the 

Consumer Price Index for Urban Wage Earners and Clerical Workers (CPI-W) from the third quarter of the last year 

a COLA was determined to the third  quarter of the current year. If there is no increase, there is no COLA.  The 

intent of the Social Security  COLA is to p rovide an annual increase in benefits sufficient to maintain the real 

purchasing power of the retiree, assuming the CPI-W reflects their expenditures. 

 

A detailed explanation of the Social Security system and its benefits is available at www.SSA.gov. 

 

California Public Employees’ Retirement System 

 

The California Public Employees' Retirement System (CalPERS) manages pension and health benefits for more than 

1.8 million Californ ia state, county, and municipal public employees, retirees, and their families.  As detailed in 

CalPERS (2016), CalPERS also provides death, disability, health, and other benefits to covered employees and their 

families. The CalPERS pension plan is the largest state or local public employee pension plan with about $300 

billion in investments in 2016. The benefit fo rmula for determin ing in itial ret irement benefits is based on yea rs of 

service credit, age at retirement, and final compensation. Retirement formulas vary based on the member's 

employer, occupation, and provisions in the contract between CalPERS and the specific employer.  Examples of the 

variety of p lans are those offered to employees of various cit ies and counties and specific plans for judges, members 

of the legislature, h ighway patrol and other safety workers, and employees of the Californ ia State University 

System.  The average annual benefit in 2015 for a CalPERS retiree was approximately $28,000. 

 

The most common cost-of-living adjustment used by CalPERS provides for annual increases of either 2% per year 

since retirement or inflation since retirement, whichever is less.  The rate of inflat ion is the percent change  in the 

Consumer Price Index for All Urban Consumers (CPI-U) for the previous calendar year.  Because employees retire 

in different years, to determine the applicable COLA percentage, CalPERS compares the actual rate of inflation to 

the annual 2% adjustment, compounds each series, and keeps a running total each year.  

 

In addition to the annual cost-of-living adjustment, CalPERS retirees may receive a related Purchasing Power 

Protection Allowance (PPPA) to protect them from significant inflationary changes over time that reduce the 

purchasing power of their benefits below 75% of their in itial real benefits.  For many current and future ret irees, this 

annual adjustment may never take place.  As long the annual cost -of-liv ing adjustments are sufficient to maintain 

real purchasing power of at least 75% of their initial retirement benefit, there is no PPPA adjustment.  

 

A detailed explanation of the CalPERS system and its benefits is available at www.CalPERS.ca.gov. 
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Civil Service Retirement System (CSRS) & Federal Employee Retirement System (FERS)  
 

The Civil Service Retirement System (CSRS) provides retirement, d isability, and survivor benefits for most civilian 

employees of the federal government hired before 1984. The CSRS is a defined benefit plan with init ial retirement 

benefits based on age, highest three-year average pay, and years of service. The CSRS was available to most federal 

civilian employees prior to 1983 and since then, its active membership has been decreasing as its membership dies.  
 

The Federal Employees Retirement System (FERS) was created for federal civil ian employees hired after 1983.  

FERS is a retirement plan that provides benefits from three different sources: a basic defined benefit  plan (called the 

Basic Benefit), Social Security, and the Thrift Sav ings Plan (TSP). Similar to other public employee plans, the 

benefit of the defined benefit portion is based on highest three-year average salary, age, and years of service. The 

FERS formula uses a smaller annual multip lier coordinated with Social Security benefits.  Note that while the 

defined benefit port ion is s maller than many other public employee p lans, FERS ret irement also includes a Thrift 

Savings Plan (a defined contribution plan) with annual employer contributions.   
 

The COLA for CSRS is the same as for the Social Security COLA.  It is based on th e most recent third quarter 

(July-September) compared to the most recent quarter upon which an increase was based. If consumer prices, as 

measured by the CPI-W, do not increase from the third quarter of one year to the third quarter of the next year, there  

is no COLA under either plan.  
 

The COLA formula for FERS uses the same third-quarter-to-third-quarter annual inflation rate that is utilized by the 

Social Security and CSRS p lans.  However, it has a twist that causes federal part icipants to gradually los e real 

retirement income in periods of higher inflat ion.  When the inflation rate is less than 2%, the adjustment equals the 

inflation rate.  When the inflat ion rate is from 2% to 3%, the adjustment is capped at 2%.  When the inflat ion rate is 

greater than 3%, the adjustment is the inflation rate less 1%.  For example, were the inflation rate 4.5%, then the 

COLA would be 3.5% 
 

The details of ret irement  and cost-of-living adjustments for CSRS and FERS are described in the Office of 

Personnel Management (2016) and at www.OPM.gov. 
 

Method: A Monte Carlo Framework for Understanding COLAs  
 

Reading algebraic formulas provided by retirement plan sponsors may be of limited use to financial planning 

students and their prospective clients when it comes to understanding the real impact of inflation adjustments.  To 

better understand the impact and importance of the different COLA clauses, we utilize a popular methodology 

known as a “Monte Carlo” study (e.g., Asmussen & Glynn (2007), W inston (1998), McLeish (2005)). In a Monte 

Carlo study, a computer model is created which depends on random variables.  The model is evaluated with a set of 

values for the random variables and the results are saved for later analysis, a step known as an iteration.  A new set 

of random values is generated for each new iteration and the computer model is re-evaluated with the new results 

saved.  Th is process is repeated many times for many iterations.  When the basic simulat ion runs are completed, the 

statistical distribution and characteristics of the Monte Carlo iterations are computed and the resulting histogram and 

summary statistics provide insight into the statistically anticipated range of future outcomes.  Of course, to the extent 

that the random components of the model do not represent reality, the Monte Carlo results may be inaccurate.  
 

In order to compare the effect iveness of these pension plans in shield ing retirees from the potentially negative 

effects of in flat ion, we created a Monte Carlo study of 1,000,000 "average experiences" with randomly drawn init ial 

retirement years and randomly drawn duration of retire ment for each iteration. Rather than using a theoretical 

statistical distribution for each random variable, we ut ilized a type of analysis called “resampling” in which the 

observed past values of variables define potential future values.  In each iteration , a random pull is made from past 

observations so each past value might show up again in proportion to its historical frequency.  This sampling is done 

with rep lacement so that it is theoretically possible, though unlikely, that a single observation would be repeatedly 

selected (e.g., Good (2006)). More commonly, the results of a resampling-based Monte Carlo simulat ion reflect the 

underlying population parameters. The resampled data are drawn from the actual inflation and plan experiences for 

retirees from the period 1947 to 2015.  The Consumer Price Index in formation is from the Bureau of Labor Statistics 

(2016).  
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To understand the impact of ret irement year and life expectancy on the model, we make assumptions about inflation 

over a retiree’s benefit  period.  We also make assumptions about when the retiree begins receiv ing benefits and how 

long the retiree continues to receive benefits. Random values for retirement years and the length of retirement were 

computed using Excel’s “RandBetween” uniform random number function. 

 

The specific Monte Carlo simulation implementation provides a numerically efficient way to see the range of 

possible outcomes and may be v iewed as a generalized “what if” analysis.  The particular simulation  discussed here 

was performed using Frontline Systems’ Analytics Solver Platform in Excel 2013.     

 

While one might build more complex retirement models, exp loring factors such as gender or racial differences, 

differences in geographic cost-of-living, or differences in health conditions, it is not at all obvious that adding such 

complexity to this model would enhance students’ understanding of the differences brought about by the different 

definit ions of COLAs in the largest public pension plans or even provide any particular improvement in the overall 

model.  While assessing more complex modeling could be the subject of other research, this particular model was 

constructed to include a basic set of variables for adequate richness without excessive complexity. 

 

RESULTS 

 

In this Monte Carlo simulat ion, each iteration matches the modeled experience of a hypothetical ret iree.  For each of 

the million random trials, the final-year benefits were computed for each of the plans (Social Security, CalPERS, 

CSRS, FERS, and the hypothetical private traditional plan). The one million estimates of final-year benefits were 

then compared by computing ratios (e.g., the ratio o f CSRS to FERS final benefits) which were then averaged across 

all the trials.  

 

The mean and median for these ratios, shown below, demonstrate the relative cost-of-living adjustments between the 

plans. The “fully-adjusted” COLA performed much better than the partially-ad justed public plans, but all the plans 

with COLA features performed far better than plans without COLA features.  CSRS and Social Security show a 

Monte Carlo average .13 (o r 13%) better than FERS and .12 (or 12%) better than PERS (and medians 8% better than 

FERS and 9% better than PERS).  FERS and PERS provide about the same benefit. Compared to the fully adjusted 

CSRS and Social Security plans, the typical private plan without COLA features received on average 60% (65% 

median) of the final buying power because of historical inflation.  

 
Table 1.  Ratios of final retirement benefit comparisons based on one million random trials (“Monte Carlo” simulation) 

Ratios of Final Benefits, for Typical Retirements  Average Median 

CSRS & Social Security to FERS 1.13 1.08 

CSRS & Social Security to PERS 1.12 1.09 

FERS to PERS 0.99 1.00 

"No COLA" Pension to CSRS & Social Security 0.60 0.65 

"No COLA" Pension to FERS 0.64 0.71 

"No COLA" Pension to PERS 0.64 0.71 

 

The Social Security and CSRS p lans fully adjust for measured changes in the consumer price index and protect 

retirees from increases in consumer prices over time.  Table 1 p resents a comparison between Social Security and 

CSRS, and FERS and PERS. This comparison shows that the latter plans do not fully adjust for inflat ion. Whether 

the hypothetical retiree was enrolled in either PERS or FERS, real inflation-adjusted benefits lost, on average, about 

10% of their initial purchasing power by the retiree’s final year.   

 

More dramat ically, a “No COLA” private retirement plan suffered a large loss of purchasing power by the retiree’s 

final year absolutely and when compared to the three public employee plans. A “No COLA” lost about 40% of its 

initial purchasing power.  By contrast, a CSRS or Social Security retiree lost 0% over the same period.   While two 

employees with different COLA plans might start with the same in itial pension purchasing power, if their plans have 

different inflation protection, their real purchasing power may diverge significantly over time. 
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Some Implications 

 

Based on the one million sample experiences from the Monte Carlo model of these different cost -of-living 

adjustments, it is apparent that having COLA protection is vital to preserving  purchasing power of retirement 

income.  The "No COLA" pension payments of final benefits were, on average, less than 2/3 of the corresponding 

public pension final benefits with COLA clauses.  The nature of the COLA adjustment is also important.  Social 

Security and CSRS maintain real income over time, providing a final benefit about 10% greater than FERS or 

CalPERS.  

 

Both FERS and CalPERS include non-intuitive caps on cost-of-living adjustments.  FERS offers a laddered haircut 

ultimately  resulting in its payments trailing inflation by 1% per year in h igh inflation years but the actual adjustment 

is provided on a year-by-year basis.  The CalPERS ad justment is made each year to the in itial retirement base, and is 

capped at an annual adjustment of 2% per year  but with an addit ional "purchasing power protection allowance" that 

maintains real income at  75% or more of the base-year value.  As it  happens, both of these approaches provided 

similar results over time in our simulation.  

 

Following the CFP Learning Objectives and the Uniform Prudent Investors Act (Chong, 2015), we believe that best 

practice would have the retiree’s financial p lan and the financial planner’s advice focus on building a retirement 

portfolio designed to mitigate any adverse effects of inflation, including investments in stocks, inflat ion indexed 

bonds, and real estate.  Such mitigation can be done in several ways. 

 

Retirees with “No COLA” plans and their financial p lanners should recognize the need for additional savings and 

investments before retiring to help mitigate against potential loss of purchasing power.  One financial strategy that 

students should consider is to layer tax-advantaged 401(k), IRA, Roth IRAs or other investments sufficient as 

“complet ion portfolios” when potential clients do not have cost-of-living adjustments in their plans.  These 

complet ion portfolios should be constructed to provide adequate funding, not just for the first few years of 

retirement, but for the entirety of the client’s retirement.  

 

For retirees with pension plans fully or largely protected from inflat ion, other savings and investments can be 

focused more on addressing other retirement concerns and goals including protection from future medical expenses, 

travel, and desires to provide for heirs.  From a financial planning point of v iew, inflat ion protected pension plans 

can be viewed  as the investment equivalent of inflat ion-protected bonds and therefore the balance of the retiree’s 

investments can, and probably should, be more heavily weighted towards non-bond investments.  

 

For those who do not have adequate resources to fund additional retirement vehicles, two  possible solutions include 

working longer to reduce the reliance on retirement funds while increasing the value of eventual Social Security 

benefits and whatever pension is in  place, and ad justing lifestyles to permit  savings even while drawing pensions to 

fund later years’ needs. 

 

Teaching Suggestions 

 

Contemporary  students may  not have a good understanding of the impact  of inflation and the erosion of real income 

in inflat ionary times.  A first exercise would be to have students determine the buying power of $1 when their great -

grandparents, grandparents, and parents were their age.  A convenient resource for this is at http://www.bls.gov/ 

data/inflation_calculator.htm (BLS, 2016), which permits students to see, for instance, that $1000 in 1920 would 

have the same buying power as $11,855 in 2016.  Similarly, one could see that a retiree with $50,000 retirement in 

1980 would  need to have at least $144,000 now for corresponding buying power; those without COLAs would now 

have about a third of their at-retirement buying power. 

 

Another useful exercise would be to consider the impact of a blended retirement with 75% coming from a pension 

and 25% from a ret irement  account invested in a stock market  index. Similarly, financial planning  instructors could 

discuss the applications of insurance-based products such as annuities with inflation riders as supplemental 

retirement vehicles. 
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About 84% of new and prospective American retirees do not have COLA-clauses in their retirement plans.  

Consequently, there is also potential for d iscussion about pension structures in many classes besides financial 

planning related courses.  One discussion topic could focus  on an observation by the American Institute of Cert ified 

Public Accounts (2015) that a common fear of many retirees is running out of money before they die.   

 

An empirical assignment for students would be to explore how well broad -based mutual funds, such as Dimensions 

Core Equity Fund (DFEOX) or Fidelity’s Magellan Fund (FMAGX) maintain their value relative to the CPI.  

 

CONCLUSIONS 

 

This paper has demonstrated the importance of cost-of-living adjustments in maintaining real ret irement income.  

For those private pension participants without COLA protection, it is essential that they participate in equity -based 

or annuity-based supplemental investing or retirement systems (e.g., 401(k), Roth IRA plans) to offset some of the 

inflation loss over time.  Th is paper also suggests that as the public debate about the disappearance of private 

pensions continues, the focus should be on pensions with COLA rather than pensions without COLA.  The extent to 

which transferring assets from defined benefit plans to defined contribution plans alters inflation risk, is a topic for 

additional research. 

 

This paper also illustrates the value of the 100% inflat ion adjustment to Social Security recipients as compared to 

less inflation-protected plans.  For many public pension participants, the choice to participate or not in Social 

Security must include consideration of the inflation protection offered. 

 

Finally, it is important for students, financial planners, and even professors planning their own retirements to be 

aware of the importance of COLA clauses.  The fear of outliving one's retirement income, frequently discussed in 

terms of defined contribution plans subject to market fluctuations, is also a concern for private pension recip ients 

without COLA clauses.  Having a defined benefit retirement plan may sound better than a 401(k) or other defined 

contribution plan, but the details matter.  
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