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April 6, 2020 

Public Employees’ Retirement Board 
100 North Park, Suite 200 
Helena, MT  59620-0139 

Re:  Risk Analysis Report 

Dear Members of the Board: 

At your request, we have performed a study of the actuarial-related risks faced by the Public Employees’ 
Retirement System of the State of Montana (PERS).  This report is designed to support and expand on the 
actuarial valuation report that we prepare annually for PERS.  While the exhibits and graphs shown in this 
report are based on the June 30, 2019, PERS actuarial valuation, the analysis of the results and the 
discussion of the implications for PERS and its stakeholders are expected to remain substantially unchanged 
for the next few years. 

The primary objective of this report is to provide the analysis of risk, as required under Actuarial Standard 
of Practice Number 51, Assessment and Disclosure of Risk Associated with Measuring Pension Obligations 
and Determining Pension Plan Contributions.  There are other risks that PERS faces, including issues such 
as cyber security, a catastrophe to the physical location, and many others.  These are outside the scope of 
our analysis, which focuses only on those risks relating to the variance in the measurement of the benefit 
obligations as well as the contribution rates.  There is no specific action by the PERS Board either required 
or expected in response to this report, although it is possible that a deeper understanding of the risks faced 
by PERS may prompt some additional discussion or study. 

In preparing our report, we utilized the data, methods, assumptions, and benefit provisions described in the 
June 30, 2019, actuarial valuation of PERS.  That report should be consulted for a complete description of 
how our work was performed.  Some of the results in this report are based upon modifying one or more of 
the valuation assumptions as noted in the discussion of the analysis being performed.   

The consultants who worked on this assignment are pension actuaries with significant public plan 
experience.  In addition, the signing actuaries are independent of the System and the plan sponsor.  We are 
not aware of any relationship that would impair the objectivity of our work. 

 

Off 

Cavanaugh Macdonald  
CC  OO  NN  SS  UU  LL  TT  II  NN  GG,,  LL  LL  CC  

The experience and dedication you deserve 

3550 Busbee Pkwy, Suite 250, Kennesaw, GA 30144 
Phone (678) 388-1700 •  Fax  (678) 388-1730 

www.CavMacConsulting.com 
Offices in  Kennesaw, GA • Bellevue, NE 
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On the basis of the foregoing, we hereby certify that, to the best of our knowledge and belief, this report is 
complete and accurate.  The valuation, on which this analysis was based, was prepared in accordance with 
principles of practice prescribed by the Actuarial Standards Board.  Furthermore, the actuarial calculations 
were performed by qualified actuaries in accordance with accepted actuarial procedures, based on the 
current provisions of the retirement system and on actuarial assumptions that are internally consistent and 
reasonable based on the actual experience of the System.  I am a member of the American Academy of 
Actuaries and meet the Qualification Standards to render the actuarial opinion contained herein. 
 
We respectfully submit the following report and look forward to discussing it with you.   
 
  
 
 
 
 
 
 
Todd B. Green, ASA, FCA, MAAA     
President     
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Actuarial Standard of Practice Number 51 (ASOP 51) 
 
Actuarial Standards of Practice (ASOPs) are issued by the Actuarial Standards Board and are binding for 
credentialed actuaries practicing in the United States.  These standards generally identify what the actuary 
should consider, document and disclose when performing an actuarial assignment.  In September, 2017, 
ASOP 51, Assessment and Disclosure of Risk Associated with Measuring Pension Obligations and 
Determining Pension Plan Contributions, was issued as final with application to measurement dates on or 
after November 1, 2018.  This ASOP applies to funding valuations, actuarial projections, and actuarial cost 
studies of proposed plan changes. 
 
A typical retirement system faces many different risks.  The greatest risk for a retirement system is the 
inability to make benefit payments when due.  If system assets are depleted, benefits may not be paid which 
could create legal and litigation risk.  The term “risk” is most commonly associated with an outcome with 
undesirable results.  However, in the actuarial world risk is defined as uncertainty.  The actuarial valuation 
process uses many actuarial assumptions to project how future contributions and investment returns will 
meet the cash flow needs for future benefit payments.  Of course, we know that actual experience will not 
unfold exactly as anticipated by the assumptions and that uncertainty, whether favorable or unfavorable, 
creates risk.  ASOP 51 defines risk as the potential of actual future measurements deviating from expected 
future measurements due to actual experience that is different than the actuarial assumptions.   
 
 
Factors that have Historically Impacted Funded Status and Employer Contribution Rates 
 
The funding ratios and unfunded actuarial accrued liability calculated on both an actuarial value of assets 
and market value of assets basis for the past 11 valuations from June 30, 2009 to 2019 are shown on the 
next page. The factors that caused changes in the UAL for the past 10 valuations from June 30, 2010 to 
2019 are shown in the second chart on the next page. On an actuarial value basis, the funded ratio has shown 
steady decline from June 30, 2009 to June 30, 2012 due to the recognition of the investment return losses 
due to the great recession. On June 30, 2013, the funded ratio increased due to the passage of HB 454, 
which increased contributions to the plan and reduced the Guaranteed Annual Benefit Adjustment.  On June 
30, 2014, the funded ratio decreased because some provisions of the changes enacted by HB 454 were 
determined to be illegal, therefore some of the benefit provisions that were taken away by HB 454 were 
restored. From June 30, 2014 to June 30, 2016, the funded ratio steadily improved. On June 30, 2017, the 
funded ratio declined due to assumptions changes based on an experience study in which the assumed rate 
of return was reduced and the mortality assumption was updated to reflect improvement in mortality 
experience. On June 30, 2018 the funded ratio improved and then showed a slight decline on June 30, 2019 
valuation due to actuarial experience.  
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Identifying Risks 
 
The first step in a project such as this is to identify the significant risks that affect how PERS liabilities are 
measured and contributions determined.  Some risks, such as investment return for a funded retirement 
plan, are obvious, but there are others that are not as clear.  There is no definition of “significant” to clearly 
define which risks should be considered, nor is it possible to tell in advance whether certain risks are 
significant or not.   
 
The identification of risks is also specific to the retirement plan being studied.  Different plans expect 
different risks. Thus, this analysis for PERS is uniquely prepared for PERS and the risks it faces.   
 
Assessing Risks 
 
In this report, we consider a variety of risks faced by PERS.  A common theme for most retirement plans 
is that risks change as a plan matures.  Because this is a fundamental issue, ASOP 51 gives special attention 
to requiring the disclosure of appropriate measures of how a plan is maturing.  In the section of this report 
that considers maturity measures, we provide a number of illustrations to help demonstrate this trend.   
 
There are some risks that are inherently difficult to quantify, as well as some risks that are addressed by the 
way in which a system is designed to react.  In our section on qualitative measures, we discuss some of 
these risks.  We also discuss how the PERS contribution rate policy is designed to help address the way in 
which PERS faces risks. 
 
Finally, we conclude this report with numerical assessment of some of the significant demographic and 
economic risks.  The point of this analysis is to provide some perspective on the magnitude of the risks 
faced by PERS. 
 
Conclusions 
 
Risk is not necessarily a negative concept.  As humans, we regularly take risks such as driving in an 
automobile because we believe that the gain to be received outweighs the possible negative consequences.  
We do, however, take steps to mitigate the risk by looking both ways at an intersection before proceeding, 
wearing seatbelts, etc.  We do these things, because we have some understanding of the sources of risk.   
The goal of this report is to help the PERS understand the major risks facing PERS funding, thereby 
allowing a reasoned approach to determining how to move into the future if negative experience emerges. 
Based on the current assets levels and projected cash flow characteristics the largest risk factor facing PERS 
is short term investment volatility. Since both the benefits and the funding source of System are set in 
statute, there are no tools available to mitigate this risk. In this report, we have demonstrated alternative 
funding methods in which we demonstrate changing the employer contribution from a fixed statutory 
employer contribution to a layered amortization methodology. The layered amortization approach is 
discussed in more detail in this report, but the main benefit is that it allows the funding source of the System 
to fluctuate based on recent experience. This eliminates the possibility that the System will have an 
undesirable outcome in the future.  
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The demographic shift and maturing of the plans have increased the risk associated with funding the 
systems.  There are different ways to measure and assess the maturity level of a retirement system and we 
will discuss several in this section of the report. 
 
Historical Active to Retiree Ratio  
 

One way to assess the maturity of the system is to consider the ratio of active members to retirees.  In the 
early years after a retirement system is established, the ratio of active to retired members will be very high 
as the system is largely composed of active members.  As the system matures over time, the ratio starts to 
decline.   A very mature system often has a ratio near or below one.  In addition, if the size of the active 
membership declines over time, it can accelerate the decline in the ratio. 
 

 
 
 

Asset Volatility Ratio 
 

As a retirement system matures, the size of the market value of assets increases relative to the covered 
payroll of active members, on which the System is funded.  The size of the plan assets relative to covered 
payroll, sometimes referred to as the asset volatility ratio, is an important indicator of the contribution risk 
for the System.  The higher this ratio, the more sensitive a plan’s contribution rate is to investment return 
volatility. 
 
Even though the System is funded with statutory contribution rates, these measures are still meaningful as 
an indication of the expected pressure on the portion of the statutory employer funding required for pension 
benefits. 
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The asset volatility measure reflects the change to contributions which would be necessary to offset the 
impact of a change in the market value of assets.  The following tables show the historical trend for the 
asset volatility ratio for PERS.  For example, a 1% decrease in the market value of assets as of June 30, 
2019 would require a contribution equal to 4.73% of payroll to replace the decreased value of the market 
value of assets.  
 
 

Fiscal 
Year End 

Market Value 
of Assets  

($ Millions)  
Covered Payroll 

($ Millions)  
Asset Volatility 

Ratio 
      

6/30/12 $3,922  $1,079  3.64 
6/30/13 $4,299  $1,098  3.91 
6/30/14 $4,943  $1,121  4.41 
6/30/15 $5,061  $1,157  4.37 

6/30/16 $5,033  $1,186  4.24 
6/30/17 $5,473  $1,232  4.44 
6/30/18 $5,780  $1,230  4.70 
6/30/19 $5,903  $1,247  4.73 
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Historical Cash Flows 
 
The table below illustrates the System’s net cash flow as a percentage of the market value of assets. As you can 
see, the benefit payments and expenses have exceeded contributions for the past 8 years. This is not inherently 
a bad thing and it is a common feature among mature pension plans. 

 

 Market Value    Net Cash Flow 
Fiscal of Assets  Benefit Payments  as a Percent 

Year End (MVA) Contributions and Expenses Net Cash Flow of MVA 
      

6/30/12 $3,921,812,233 $159,900,000  $269,200,000  ($109,300,000) (2.79%) 
6/30/13 $4,299,238,343 $163,300,000  $290,700,000  ($127,400,000) (2.96%) 
6/30/14 $4,942,769,917 $222,520,337  $311,263,654  ($88,743,317) (1.80%) 
6/30/15 $5,061,058,221 $227,997,240  $337,037,866  ($109,040,626) (2.15%) 
6/30/16 $5,032,807,110 $230,470,928  $359,921,895  ($129,450,967) (2.57%) 
6/30/17 $5,472,519,182 $233,062,661  $384,700,003  ($151,637,342) (2.77%) 
6/30/18 $5,779,994,008 $243,385,430  $415,157,547  ($171,772,117) (2.97%) 
6/30/19 $5,903,306,248 $243,613,203  $441,224,963  ($197,611,760) (3.35%) 
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Plans with negative cash flows will experience increased sensitivity to investment return volatility.  If the System 
has negative cash flows and experiences returns below the assumed rate, there are fewer assets to be reinvested 
to earn the higher returns that typically follow.  Typically, a pension plan can sustain negative cash flow that is 
equal to the long term return on the system’s assets minus the growth in the projected benefit payments. The 
expected long term growth in the assets of PERS is 7.65%. The table shows the annual benefit growth rate and 
the amount of sustainable negative cash flow over the next 30 years. The System is subject to negative cash flow 
risk that gradually mitigates over time.  
 

 Projected  Benefit Sustainable Projected 

 Benefit Growth Negative Negative 

Year End Payments Rate Cash Flow Cash Flow 

     
2020 470,056,941 7.46% 0.19% 3.75% 
2021 501,344,416 6.66% 0.99% 4.12% 
2022 533,009,922 6.32% 1.33% 4.41% 
2023 564,075,901 5.83% 1.82% 4.68% 
2024 593,598,060 5.23% 2.42% 4.91% 

  
2025 622,944,333 4.94% 2.71% 5.15% 
2026 651,490,684 4.58% 3.07% 5.37% 
2027 678,924,009 4.21% 3.44% 5.57% 
2028 704,564,354 3.78% 3.87% 5.74% 
2029 728,803,016 3.44% 4.21% 5.89% 

2030 751,547,891 3.12% 4.53% 6.02% 
2031 773,100,033 2.87% 4.78% 6.13% 
2032 792,959,748 2.57% 5.08% 6.21% 
2033 811,443,412 2.33% 5.32% 6.28% 
2034 828,239,045 2.07% 5.58% 6.31% 

  
2035 843,467,681 1.84% 5.81% 6.33% 
2036 856,834,043 1.58% 6.07% 6.31% 
2037 868,722,595 1.39% 6.26% 6.27% 
2038 878,732,425 1.15% 6.50% 6.20% 
2039 887,187,324 0.96% 6.69% 6.10% 

  
2040 893,909,120 0.76% 6.89% 5.97% 
2041 898,914,703 0.56% 7.09% 5.81% 
2042 902,405,266 0.39% 7.26% 5.62% 
2043 904,558,779 0.24% 7.41% 5.40% 
2044 905,129,703 0.06% 7.59% 5.15% 

  
2045 904,439,770 -0.08% 7.73% 4.88% 
2046 902,327,464 -0.23% 7.88% 4.59% 
2047 899,919,775 -0.27% 7.92% 4.29% 
2048 897,140,550 -0.31% 7.96% 3.97% 
2049 894,365,159 -0.31% 7.96% 3.67% 
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Liability Maturity Measurements 
 
PERS is a mature retirement system.  As a result, they have aging plan populations indicated by a decreasing 
ratio of active members to retirees and a growing percentage of retiree liability when compared to the total.  
The retirement of the remaining baby boomers over the next 10-15 years is expected to further exacerbate 
the aging of the retirement system population.  With more of the total liability residing with retirees, 
investment volatility has a greater impact on the funding of the system since it is more difficult to restore 
the system financially after losses occur when there is comparatively less payroll over which to spread 
costs. 
 
The retirement system is also growing larger as can be seen by the ratio of actuarial liability to payroll.  
 
 

Fiscal Retiree Total Retiree Covered  
Year End Liability Actuarial Liability Percentage Payroll Ratio 

 (a) (b) (a) / (b) (c) (b) / (c) 
      

6/30/13 $2,949,478,004  $5,160,950,992  57.1% $1,098,340,791  4.70 
6/30/14 $3,629,769,037  $6,177,504,549  58.8% $1,120,939,764  5.51 
6/30/15 $3,880,797,329  $6,470,303,179  60.0% $1,156,855,431  5.59 
6/30/16 $4,149,716,390  $6,787,923,154  61.1% $1,185,646,179  5.73 

      
6/30/17 $4,720,749,061  $7,578,384,779  62.3% $1,232,066,537  6.15 
6/30/18 $5,018,408,743  $7,730,084,077  64.9% $1,230,105,350  6.28 
6/30/19 $5,284,851,700  $7,957,037,808  66.4% $1,247,343,733  6.38 

 
The chart below shows both the historical and a ten year projection of the ratio of retiree liability compared to 
the total liability of the System, which indicates the trend of retiree liability to the total liability is anticipated to 
continue.  
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ASOP 51 provides that the assessment of risk does not necessarily have to be quantitative, but may be 
qualitative.  This report will provide quantitative analysis for PERS in a later section, but first we will 
discuss the overall assessment of risk for PERS from a qualitative perspective. 

(1) Contribution Rate Funding Policy 
 
MCA 19-3-316 requires each employer to contribute 6.90% of total compensation paid to all 
members employed in a PERS reportable position. This amount increased by 1.27% for fiscal year 
2014 and will increase by 0.10% each fiscal year through 2024 until the total employer contribution 
is equal to 9.17% of member compensation. The employer contribution increases may terminate 
on January 1 following the board's receipt of the system's actuarial valuation if the actuarial 
valuation determines that terminating the additional employer contribution would not cause the 
amortization period of the unfunded actuarial accrued liability to exceed 25 years. 

 
MCA 19-3-315 requires each member to contribute 7.90% of compensation. Each member's 
contribution must be reduced to 6.90% on January 1 following the system's annual actuarial 
valuation if the valuation determines that reducing the employee contribution and reducing the 
employer contribution would not cause the system's amortization period of the unfunded actuarial 
accrued liability to exceed 25 years. 
 
HB 648 and HB 2 require the State statutory appropriation from the state to be $33,035,000 for the 
fiscal year beginning July 1, 2017, and $33,615,000 for the fiscal year beginning July 1, 2018. 
Starting in the fiscal year beginning July 1, 2019, the state will contribute 101% of the previous 
year’s contribution. 
 
Beginning July 1, 2013, employers who hire PERS retirees who work less than 960 hours in the 
calendar year, but do not become active members, contribute the employer’s contribution rate on 
the working retiree’s compensation. 
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The table below summarizes the legislated contribution increases for both the members and the 
employers.  

History of Legislated Contributions 
(as a Percent of Pay) 

 

 Members Employers 
July 1, 1999 to June 30, 2007 6.90% 6.90% 
July 1, 2007 to June 30, 2009 6.90 7.035 
July 1, 2009 to June 30, 2013 6.90 7.17 
July 1, 2013 to June 30, 2014 7.90 8.17 
July 1, 2014 to June 30, 2015 7.90 8.27 
July 1, 2015 to June 30, 2016 7.90 8.37 
July 1, 2016 to June 30, 2017 7.90 8.47 
July 1, 2017 to June 30, 2018 7.90 8.57 
July 1, 2018 to June 30, 2019 7.90 8.67 
July 1, 2019 to June 30, 2020 7.90 8.77 
July 1, 2020 to June 30, 2021 7.90 8.87 
July 1, 2021 to June 30, 2022 7.90 8.97 
July 1, 2022 to June 30, 2023 7.90 9.07 
July 1, 2023 to June 30, 2024 7.90 9.17 

 
 

(2) Amortization Policy 
 

The Board adopted funding policy states, “The systems unfunded actuarial accrued liability should be 
amortized over a reasonable period of time and should not exceed 30 years on a rolling basis. Generally, 
the funding period should be constant or decreasing. 
 
PERS amortization policy should be considered as a positive factor in risk assessment because it requires 
the Board to take action if the amortization period exceeds 30 years. 

 
The current amortization policy is based on the fixed statutory contributions which are intended to amortize 
the unfunded liability as a single amortization base over a closed 30 year period. From year to year, the 
future funding status of the PERS will be determined by the System’s experience. The amortization period 
of the Unfunded Actuarial Accrued Liability is not likely to decrease by the expected 1.0 year with each 
passing actuarial valuation. Instead, the amortization period is expected to decrease more or less than 1.0 
years each year, reflecting gains and losses due to experience different than the actuarial assumptions.  
 
As an alternative we have demonstrated an alternative approach to amortize the unfunded accrued liability 
which requires the calculation of an actuarial determined contribution which fluctuates from year to year. 
Instead of a single amortization base the alternative approach establishes a series of layered amortization 
bases. We have demonstrated the layered amortization method using amortization periods of 20 and 30 
years. The first layer established is the Systems initial unfunded actuarial accrued liability established on 
July 1, 2019. With each additional valuation, the incremental change in the unfunded accrued liability is 
amortized over a new closed period, and the resulting payment is added to the existing amortization 
payments. The charts on the following page compare the annual cost and projected funded ratio utilizing 
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the 20 and 30 year layered amortization approach to the current amortization method.  
 
The chart below compares the annual cost of the System using the three amortization methodologies noted 
above as a percentage of payroll. The the baseline cost represents all employer funding sources of PERS. 
Shorter amortization periods produce higher annual costs in the short term, but reduces the amount of 
interest paid on the unfunded accrued liabiltiy. The total amount of employer contributions paid over the 
30 year period is $4.7 billion, $6.0 billion and $6.2 billion for the 20 year layer amortization, 30 year 
layered amortization and the current statutory funding rates respectively.  
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The chart below shows the projected funded ratio of PERS under the System’s current funding policy 
compared to the projected funded ratio under the 20 and 30 year layered amortization methodologies. 
It is important to note, that these are deterministic projections which assume the System will continue 
to earn the assumed rate of return in the future.  

 

 
(3) Payroll Growth Assumption and Active Membership 

 
When the actuarial valuation is performed each year, it determines if the statutory contributions are 
sufficient to fund the PERS within the parameters of the Funding Policy established by the PERS Board.    
Because the amortization period of the unfunded actuarial accrued liability is determined using the level 
percent of payroll methodology, an assumption must be used to develop the payment stream for the 
amortization of the unfunded actuarial accrued liability.  The current payroll growth assumption for PERS 
is 3.50% per year which implicitly assumes that the number of active members remains stable over time.   
 
The funding of the System could be impacted if there was a material shift in the PERS active membership.  
When the payroll of PERS does not grow at the assumed rate, it requires an increase in the amortization 
rate to maintain the amortization schedule. While the dollar amount of the unfunded actuarial accrued 
liability amortization payment might be the same, the amortization payment as a percent of payroll has 
to increase maintain the same amortization payment.  Given the statutory limit on the employers and 
member contributions rates, sustained declines in payroll over a long time could prevent the amortizing 
of the system according to the amortization schedule. In addition, experience losses due to other 
sources, such as investment returns, would exacerbate the System decline in funding progress. 
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There are a number of risks inherent in the funding of a defined benefit plan.  These include: 

 demographic risks such as mortality, payroll growth, aging population including impact of baby 
boomers, and retirement ages;  

 economic risks, such as investment return and inflation; 
 contribution risk, i.e., the potential for contribution rates to be too high for the plan 

sponsor/employer to pay; and 
 external risks such as the regulatory and political environment.   

 
The various risk factors for a given system can have a significant impact – favorable or unfavorable – on 
the actuarial projection of liabilities and contribution rates.  Under ASOP 51, the actuary is required to 
include plan-specific commentary regarding the risks that are identified.  However, such comments can be 
qualitative rather than quantitative.  In this section of the report, we include quantitative analysis to assist 
with a better understanding of some of the key risks for PERS. 
 
Demographic Risks 
 
Demographic risks are those arising from the actual behavior of members differing from that expected 
based on the actuarial assumptions.  These changes may arise when a significant portion of members is 
influenced to take some particular action due to employer or governmental actions, when there are 
improvements in medicine that affect broad groups of retirees, when societal trends encourage new 
behavior, or they may simply be random.  Examples include early retirement windows, new drugs to treat 
common diseases, or trends across society to work longer before retiring.  Many of these risks are minor in 
nature since they unfold gradually and generally have a small impact on a retirement system.  Some, 
however, are comparatively more significant and warrant additional discussion. 
 
Mortality Risk 
 
A key demographic risk for all retirement systems, including PERS, is improvement in mortality (longevity) 
greater or less than anticipated.  While the actuarial assumptions used in the valuation reflect a margin for 
mortality improvement these assumptions are evaluated and refined in every experience study, the risk 
arises because there is a possibility of some sudden shift, perhaps from a significant medical breakthrough 
that could quickly impact life expectancy and increase liabilities.  Likewise, there is some possibility of a 
significant public health crisis that could result in a significant number of additional deaths in a short time 
period, which would also be significant, although more easily absorbed. 
 
To consider longevity risk, we considered the impact of faster improvements in life expectancies of 2.0 and 
2.6 times as much improvement, along with only half as much improvement.  As the following charts 
illustrate, a greater improvement factor greatly increases the life expectancy over time.   
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In performing valuations, we do not directly use life expectancy values, but rather apply the mortality rates 
at each age directly.  For 2019, if the mortality improvement scale were cut in half (to a 0.5% per year 
improvement), the liabilities would decrease by about 1% at age 62, while if the mortality improvement 
scale were doubled (resulting in a 2% per year improvement), liabilities at age 62 would increase 
approximately 2%.  Over the next 20 years, the impact of either change would roughly double. Note that 
these changes in mortality improvement are noticeable departures from historical norms, but they are 
plausible.  

Active Population Growth or Decline Risks 
 
Valuations consider the data on a single date and do not make a direct assumption regarding future 
members, with the exception of the amortization method’s assumption of payroll increases that inherently 
assumes a constant population size.  However, the reality is that if the active membership increases or 
decreases, it will lead to decreases or increases in the actuarial contribution rate. 

 
The following graphs show the historical count and covered payroll for active members: 
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In the event of a significant decrease in population, the payroll used to amortize the unfunded actuarial accrued 
liability is unlikely to grow at the assumed rate.  This will, in turn, increase the actuarial contribution rate, 
although not the contribution amount, needed to pay off the unfunded actuarial accrued liability.  Referring to 
the maturity measures shown earlier in the report, it should be evident that lower payroll will increase the Asset 
Volatility Ratio.  Of course, an increase in active membership would decrease the contribution rate and Asset 
Volatility Ratio. 
 
The chart below illustrates the projected funded ratio based on three population reduction scenarios.  
 

 The first assumes an immediate 5% reduction in the population followed by no further reduction in 
active membership.  

 The second assumes an immediate 5% reduction in the population followed by additional 1% 
reductions in the active population until the total reduction in the active workforce is 10%. 

 The final scenario assumes an immediate 5% reduction in the population followed by additional 1% 
reductions in the active population until the total reduction in the active workforce is 15%.  

 
Since employer and member contributions to the system are set in statute, any reduction in the workforce 
reduces the income stream to PERS, thereby prolonging the amount of time PERS will need to achieve 100% 
funded status. If these population scenarios were combined with investment returns that are less than the 
assumed rate of return of 7.65% the affects would be magnified.  
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Other Demographic Risks 
 
Changes to retirement and termination rates are likely to occur through time as the nature of the workforce and 
societal expectations shift.  For instance, over the past decade or so, we have observed a general shift in 
retirement patterns in which retirements are occurring later.  This may be a function of economic 
considerations, expectations of longer life in retirement, a proportionate decrease in physically-demanding jobs, 
or changes in family composition.  Such changes do affect the funding of the plan, but generally these changes 
are minor and gradual and are reflected in modified assumptions resulting from regular experience studies.   
 
More significant changes in demographic assumptions are likely to be influenced by something significant such 
as a legislative change.  Obviously, some changes in PERS provisions or state employment rules could quickly 
change behavior patterns, but these would probably be anticipated as part of the legislation.  Externally, a 
significant change in Social Security or Medicare provisions could change retirement patterns if the changes 
were implemented rapidly.  These changes are not ones that can be easily quantified because the timing of such 
events, the impact of the event on behavior, and the magnitude of the behavior change cannot be anticipated.  
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Investment Return Risk 
 
Investment risk volatility is the greatest risk facing PERS and most public retirement systems today.  In 
recent years, interest rates have been in decline. In response, retirement systems had to choose between 
reducing expected returns which would increase required contributions or increase investment risk and 
maintain expected returns and contribution levels. Most systems chose to increase investment risk. In 2019 
the average yield on the 10-year treasury was 2.14%. Compared to the current assumed rate of return of 
7.65%, the risk premium is 5.51%. As the System continues to mature, investment returns will have an 
increasingly greater impact on the funding of the system.  When investment returns are below the expected 
return (investment return assumption), the unfunded actuarial liability increases which prolongs the time 
period necessary for PERS to achieve full funding.  Likewise, returns above the expected return, which are 
easier to absorb, decrease the unfunded actuarial liability and reduce the period necessary for PERS to 
achieve full funding.  Because of the inherent volatility of most retirement system investment portfolios, 
there is, therefore, volatility in the plans’ funded status and contribution requirements. 
 
In order to understand the impact of investment volatility, we present a sequence of projections, based on 
the model prepared for PERS as part of the valuation each year.  These “deterministic” projections use one 
or more selected scenarios to help illustrate certain key concepts.  Following these projections, we show a 
summary of the results of a “stochastic” projection in which 1,000 equally plausible random scenarios are 
run and summarized. 
 
 
Risk Due to Return Order 
 
The funding outcome is dependent not only on the returns but also the order in which they occur.  In other 
words, a “good” return followed by a “bad” return can lead to a different final result than the same “bad” 
return followed by the same “good” return.  While this may not be intuitive at first, the concept makes sense 
once it is realized that there are net cash flows out of the system. 
 
To illustrate this concept, consider the funded ratio for PERS under two different scenarios.  In each case, 
there are four years of returns that are 17.65% (10% above the assumed 7.65% return).  There are also four 
years of -2.35% returns (10% below the assumed return).  In one case, we assume the four good years come 
before the four bad years, while in the other case, we assume that the four bad years are followed by the 
four good years.   
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The following graph shows the results: 

At the end of the projection, the high return followed by low return scenario has a funded ratio of 110%, while the 
low return followed by a high return is 51% funded.  The order of the returns leads to a $6.4 billion dollar difference 
in market value ($11.9 billion vs. $5.5 billion).  While the scenarios displayed here are artificial, they do illustrate 
that the return order matters. 
 
Risk of Low Returns for Sustained Period 
 
The current view from most investment consultants is that a low return environment may persist for a 
number of years into the future.  Some consultants anticipate that after this extended period, returns will 
return to historic norms, while others do not extend their assumptions that far into the future.  There is no 
way to know whether this view of low returns for five to ten years is correct or not, but it is important to 
determine the potential impact of low returns over a sustained period on PERS funding.   
 
In particular, we want to examine the scenario, that returns will be 6.5% for the next 10 years, and 8.23% 
thereafter.  It should be noted that such an assumption is not inconsistent with the 7.65% long-term rate of 
return currently used for the PERS valuation.  The difference is really a variant of the prior discussion on 
order of returns:  How does a scenario that has lower returns followed by higher returns compare with a 
scenario that has the (approximately) average returns for all years?  
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The following graphs shows the impact of low returns on the funded ratio of PERS.  In each case, the 
scenario (6.5% for 10 years, 8.23% thereafter) is compared with the baseline scenario of 7.65% for all years. 

In this scenario, the low returns for the next 10 years reduce the funded ratio until 2030.  The gap is greatest, reaching 
a 10.8% difference (73.0% funded vs. 98.4% funded, reflecting a UAL difference of $2.7 billion).  
 
While this scenario will not happen exactly as modeled, if the average returns over the next 10 years are 
around 6.5% and then the average returns increase to around 8.23%, similar patterns as these will emerge.  
It should be stressed, however, that this is only one plausible scenario and there is not universal consensus 
on return expectations.   
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Risk of Shock in a Single Year 
 
From late 2007 through early 2009, the financial markets crashed both in the U.S. and abroad resulting in 
the most impactful loss due to investment return ever experienced by PERS.  The return on the market value 
of assets for FY 2009 was -20.9% and this single year dropped the funded status on a market value basis 
by more than 20%.  Like many other systems around the country, PERS and the State of Montana responded 
with changes in the benefit structure.  Coupled with the financial market recovery, significant progress has 
been made in improving the situation. 
 
Even with PERS’ current Contribution Rate Funding Policy and the progress made toward improving the 
funding, there is still risk from another shock of this magnitude in a single year.  The impact of such an 
event would be different depending on when it occurs.  As the System matures and assets grow in 
comparison to payroll (increasing the asset volatility ratio), severe investment declines will have a greater 
impact on the actuarial contribution rate. 
 
To study the impact of a similar shock, we modeled a repeat of 2009 with its -20.9% return in FY 2020, but 
7.65% returns in every other year.  In particular, this analysis assumes that the market bounce-back that 
followed Fiscal Year 2009 is not repeated.  
 
Because there has been a tendency for severe drops in the financial markets to be followed by a market 
rebound, another graph is shown that includes a third scenario which repeats the shock experienced in 2009, 
but then reflects the actual returns recognized by PERS for fiscal years 2010 through 2019.  In other words, 
the returns modeled for 2020 through 2029 are the actual returns observed from 2009 through 2019.  For 
2030 and beyond, a 7.65% return was assumed to occur. 
  



 
 
QUANTITATIVE ANALYSIS – ECONOMIC ASSUMPTIONS 

 

 
2020 Risk Analysis Report  Public Employees’ Retirement System of Montana 
     

  21 

These graphs illustrate that much, but not all, of the damage following a very significant market downturn 
can be mitigated by the tendency of financial markets to recover.   
 
 

 

 

 

 

 

 

 

In this scenario, the funded ratio drops significantly in the initial years.  Note that this graph is based on the actuarial 
value of assets, so the smoothing mechanism delays the recognition of the return over several years.  The funded ratio 
gradually declines over the projection period. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
The black line shows that the recovery in the financial markets helps to reverse the declining funded ratio but still 
produces a result in which the funded ratio declines over time.  
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The table below illustrates the market value investment returns that occurred over the most recent 20 year 
period ended June 30, 2019.  
 

 
Year 

Market 
Return 

 
Year 

Market 
Return 

7/1/1999 to 6/30/2000 7.80% 7/1/2009 to 6/30/2010 12.91% 

7/1/2000 to 6/30/2001 -5.09% 7/1/2010 to 6/30/2011 21.70% 

7/1/2001 to 6/30/2002 -7.26% 7/1/2011 to 6/30/2012 2.27% 

7/1/2002 to 6/30/2003 6.16% 7/1/2012 to 6/30/2013 12.99% 

7/1/2003 to 6/30/2004 13.31% 7/1/2013 to 6/30/2014 17.12% 

7/1/2004 to 6/30/2005 8.03% 7/1/2014 to 6/30/2015 4.60% 

7/1/2005 to 6/30/2006 8.98% 7/1/2015 to 6/30/2016 2.02% 

7/1/2006 to 6/30/2007 17.92% 7/1/2016 to 6/30/2017 11.93% 

7/1/2007 to 6/30/2008 -4.91% 7/1/2017 to 6/30/2018 8.90% 

7/1/2008 to 6/30/2009 -20.80% 7/1/2018 to 6/30/2019 5.65% 

 
The graph below illustrates the impact on the PERS funded ratio if the returns noted above beginning with 
the plan year ended June 30, 2000 were repeated over the next 20 years. As you can see the result is not 
ideal as the System becomes insolvent. It is important to note the return over the 20 year period represents 
a very unique time period in the history of the markets in that it includes the tech bubble and the great 
recession. The annual return for the period noted above was 5.14%. 
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The graph below illustrates the impact on the PERS funded ratio if the returns noted on the previous page  
beginning with the plan year ended June 30, 2000 were repeated over the next 20 years, with the impact 
of the great recession limited to 0% investment return instead of the actual return on the market value of     
-20.80%. As you can see the fund is still projected to become insolvent under this scenario. 

 

Sensitivity Analysis 

The valuation results are sensitive to the set of economic assumptions used to estimate the System’s 
liabilities.  In all scenarios considered thus far, the baseline results are those based on the assumption that 
all of the current actuarial assumptions (those used in the June 30, 2019 actuarial valuation) will be met in 
the future.  To illustrate the sensitivity of the valuation results to different investment return assumptions, 
we have modeled the results if the investment return assumption is changed from 7.65% to 7.40%, 6.90% 
or 6.65%, with no other change in the set of economic assumptions.  These illustrations further reflect that 
the assumed rate of return is actually earned in all years and using the current Statutory Contribution Rates.  

As would be expected, the 7.65% assumption has the highest funded ratio, largely because the liabilities are the lowest 
and the assets grow at the highest rate.  Conversely, the 6.65% assumption is the lowest. Based on the projections 
above, with no additional contributions, the minimum market value return that can be achieved and still be sustainable 
is 7.15%. 
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Another way to perform sensitivity analysis is to look at how results would unfold if the assumptions remain 
unchanged, but actual experience varies.  Of course, in reality, the assumptions would eventually be updated 
to reflect actual experience, so this type of analysis is useful only when shorter periods of time are 
considered.   In the following charts, rates of return from 5.0% to 8.0% are considered.  The impact is shown 
using a “heat map” in which the results are color coded from green (most favorable) to red (least favorable) 
to help visually show trends. 
 
In this analysis, the current investment return assumption is not changed, but the impact of differing actual 
returns over the next ten years is studied. 
 

Funded Ratio at June 30 Valuation 

  2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 

5.00% 74% 74% 74% 72% 70% 68% 66% 64% 62% 59% 57% 

5.25% 74% 74% 74% 72% 71% 69% 67% 65% 63% 61% 58% 

5.50% 74% 74% 74% 72% 71% 69% 68% 66% 64% 62% 60% 

5.75% 74% 75% 74% 73% 71% 70% 69% 67% 66% 64% 62% 

6.00% 74% 75% 74% 73% 72% 71% 70% 68% 67% 65% 64% 

6.25% 74% 75% 74% 73% 72% 72% 71% 69% 68% 67% 66% 

6.50% 74% 75% 74% 74% 73% 72% 71% 71% 70% 69% 67% 

6.75% 74% 75% 75% 74% 73% 73% 72% 72% 71% 70% 69% 

7.00% 74% 75% 75% 74% 74% 74% 73% 73% 72% 72% 71% 

7.25% 74% 75% 75% 74% 74% 74% 74% 74% 74% 74% 73% 

7.50% 74% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 

7.75% 74% 75% 75% 75% 75% 76% 76% 76% 77% 77% 77% 

8.00% 74% 75% 75% 75% 76% 77% 77% 78% 78% 79% 80% 
 
The yellow that predominates the left side of the charts indicates that the system is starting from a position 
that is comparatively in the middle of the outcomes.  Higher returns lead to higher funded ratios, indicated 
by the green color in the lower right, while lower returns lead to lower funded ratios, as indicated in the red 
in the upper right.   
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Variability of Returns – Stochastic Modeling 
 
Deterministic modeling is helpful to compare different scenarios, which can lead to a better understanding 
of the funding dynamics of the system.  Missing in this analysis is an understanding of the likelihood of 
various scenarios and the plausible range of outcomes from the anticipated volatility associated with the 
asset allocation.  These issues are handled with the more robust approach of stochastic modeling, in which 
investment performance is varied, based on the expected distribution of portfolio returns.  Rather than 
obtaining a single result, this approach develops the results for many plausible scenarios, so that the 
distribution of outcomes can be considered. 
 
For this modeling, we generated 1,000 30-year scenarios based on the expected return and standard 
deviation of the PERS’s portfolio.  For each simulation, the asset, liabilities, and actuarial contribution rate 
were modeled for the next 30 years. 
 
The chart below is based on a survey of capital market assumptions. We utilize those assumptions to 
produce the percentile ranks of expected returns over 30 years. Focusing on the longer time spans, the 
analysis indicates that over the next 30 years there is a 25% chance that the cumulated rate of return will be 
below 6.29% and a 25% chance it will be above 8.86%. In other words there is a 50% chance the cumulative 
market returns over the next 30 years will be between 6.29% and 8.86%.  
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Probability of Low Funding Ratios 
 
Because of issues such as asset liquidity and the ability to withstand severe market volatility, low funded 
ratios are a concern.  Consequently, understanding the likelihood of the occurrence of a low funded ratio 
can be helpful to those responsible for the plan.  The following tables show the probability of being below 
a given level during the specified period. 
 

 Ratio <40% Ratio <50% Ratio <60% Ratio <70% Ratio <80% 
2019 – 2029 2% 6% 14% 29% 69% 
2019 – 2039 11% 17% 25% 37% 62% 
2019 – 2049 19% 25% 31% 41% 59% 

 
It is important to note that these are probabilities of the event occurring at any point during the period.  
There are scenarios in which the first few years may have low investment returns, leading to a low funded 
ratio, but due to strong investment returns in later years, the funding ratio after 10 or 15 years may be over 
100%.  Nonetheless, such scenarios would count in this table as an occurrence of a low funded ratio. 
 
In general, there is a less than 31% chance that the funded ratio will decline below 60% over the next 30 
years, and about a 41% chance that it will not drop below 70%.  However, it is about 59% chance the funded 
ratio remains below 80% in the next 30 years.  
 
Distributions of Outcomes 
 
To this point, the discussion of stochastic modeling has focused on the probability of selected outcomes.  It 
can also be useful to examine the distribution of outcomes for insight into the risk associated with 
investment returns.  The following charts show the distribution for the next 30 years of the funded ratio. 
The darker blue lines represent the range between the 25th and 75th percentiles, or the middle 50% of results.  
A lighter blue line in the middle of the blue portion indicates the median (50th percentile) result.  The results 
indicate that in ten years, the probability of outcomes is 50% that the funded ratio will range from 56% to 
97% with a median result of 75%. 
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In light of recent events, we have also modeled a stochastic scenario in which the first years return on the 
market value of assets is 0%. As with the previous example, the following charts show the distribution for 
the next 30 years of the funded ratio. The darker blue lines represent the range between the 25th and 75th 
percentiles, or the middle 50% of results.  The lighter blue line in the middle of the blue lines indicates the 
median (50th percentile) result. In the previous result, in ten years, the probability is 50% that the funded 
ratio will range between 97% and 56%, with a median result of 75%. By setting the first year return with a 
value of 0% followed by the stochastic process, in ten years, the probability is 50% that the funded ratio is 
between 50% and 84%, with a median result of 66%.  A lighter blue line in the middle of the blue portion 
indicates the median (50th percentile) result.   
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In order to further highlight the differences between the layered amortization approach we have 
stochastically modeled the actuarial determined contributions and the funded ratio of the System under the 
20 and 30 year amortization methods. As with the previous examples, the darker blue lines represent the 
range between the 25th and 75th percentiles, or the middle 50% of results.  The lighter blue line in the middle 
indicates the median (50th percentile). The black line shows the current projected employer contributions 
from all sources. The first thing you will notice is under the layered amortization method, the actuarial 
determined contribution fluctuates based on the most recent actuarial experience. If the experience is 
positive for the System, the actuarial determined contributions will reflect this with a decrease in the 
required contribution. On the contrary, if the actuarial experience is negative, this will result in an increase 
in the employer’s required contribution. This adjustment happens faster under the shorter amortization 
period, producing a range in the results that is much greater compared to longer amortization periods. The 
advantage of this approach is that the contribution can adjust quickly to reflect recent experience.  

 

Under the 30 Year Layered Amortization method, in ten years, the probability is 50% that the actuarial determined 
employer contribution will range from 5% of payroll to 18% of payroll. The median (50th Percentile) actuarial 
determined contribution is 12% of payroll. 

 

Under the 20 Year Layered Amortization method, in ten years, the probability is 50% that the actuarial determined 
employer contribution will range from 2% of payroll to 23% of payroll. The median (50th Percentile) actuarial 
determined contribution is 15% of payroll. In general the 20 year layered amortization method is more costly in the 
short term because the amortization period is shorter.  
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The chart below illustrates the projected funded ratio of the System using the 30 year and 20 year 
amortization methods. The first thing to notice is that the range of funded ratios increase over the 30 year 
projection period regardless of the actuarial experience of the System. This is a direct result of the annual 
adjustments made to the actuarial determined contribution. As with the previous examples, the darker blue 
lines represent the range between the 25th and 75th percentiles, or the middle 50% of results.  The lighter 
blue line in the middle indicates the median (50th percentile). 

 
Based on the 30 year layered amortization method, in ten years, the probability is 50% that the funded ratio will range 
between 60% and 94%. The median (50th Percentile) funded ratio is 76%. 

 
Based on the 20 year layered amortization method, in ten years, the probability is 50% that the funded ratio will range 
between 67% and 99%. The median (50th Percentile) funded ratio is 82%. The better result under the 20 year layered 
approach is driven by the shorter amortization period compared to the 30 year amortization method.  
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In light of recent events, in conjunction with the layered amortization methods, we have also modeled a 
stochastic scenario in which the first years return on the market value of assets is 0%. As with the previous 
example, the following charts show the distribution for the next 30 years of the required employer 
contributions. The darker blue lines represent the range between the 25th and 75th percentiles, or the middle 
50% of results.  The lighter blue line in the middle of the blue lines indicates the median (50th percentile) 
result. The black line indicates the current employer contributions from all sources as a percentage of 
payroll. 

 

Under the 30 Year Layered Amortization method, in ten years, the probability is 50% that the actuarial determined 
employer contribution will range from 9% of payroll to 20% of payroll. The median (50th percentile) actuarial 
determined contribution is 15% of payroll.  

 
Under the 20 Year Layered Amortization method, in ten years, the probability is 50% that the actuarial determined 
employer contribution will range from 11% of payroll to 24% of payroll. The median (50th percentile) actuarial 
determined contribution is 18% of payroll. 
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In conjunction with the layered amortization methods we have shown above, we have also modeled the 
projected funded ratio in which the first years return on the market value of assets is 0%. As with the 
previous example, the following charts show the distribution for the next 30 years of the funded ratio. The 
darker blue lines represent the range between the 25th and 75th percentiles, or the middle 50% of results.  
The lighter blue line in the middle of the blue lines indicates the median (50th percentile) result. 

 
Based on the 30 year layered amortization method, in ten years, the probability is 50% that the funded ratio will 
range between 57% and 86%. The median (50th Percentile) funded ratio is 71%. 

 
Based on the 20 year layered amortization method, in ten years, the probability is 50% that the funded ratio will range 
between 64% and 93%. The median (50th Percentile) funded ratio is 77%. The better result under the 20 year layered 
approach is driven by the shorter amortization period compared to the 30 year amortization method. 
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