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Section 1. Executive Summary 

 

1.1 Background and Conceptual Framework 

 

This report, along with its companion document, the Society of Actuaries’ (SOA’s) RP-2014 

Mortality Tables Report [19], establishes a new basis for mortality assumptions for retirement 

programs in the United States. These two reports represent the culmination of a comprehensive 

study of uninsured retirement plan mortality experience begun by the Retirement Plans 

Experience Committee (RPEC or “the Committee”) in late 2009.  

 

For pension-related purposes, the mortality projection scale presented in this report, denoted MP-

2014, replaces both Scale AA
1
, which was released in 1995 [26], and the interim Scale BB, 

which was released in 2012 [16]. As anticipated by RPEC in its Scale BB Report, the new Scale 

MP-2014 is two-dimensional, with gender-specific mortality improvement expressed as a 

function of both age and calendar year. Alternatively, the new gender-specific rates can be 

thought of in terms of age and year of birth, a basis that provides more insight into the 

methodology used to construct the individual Scale MP-2014 rates.  

 

The conceptual framework for Scale MP-2014 is similar to that used to develop the two-

dimensional mortality improvement rates upon which Scale BB was based (denoted Scale BB-

2D). In particular, both scales were patterned after the Mortality Projections model developed 

over the past decade by the Continuous Mortality Investigation (CMI) group within the Faculty 

and Institute of Actuaries in the United Kingdom [3, 4, 5, 6, 7, 8]. The key concepts 

underpinning that CMI model include:  

 

(1) Short-term mortality improvement rates should be based on recent experience;  

(2) Long-term mortality improvement rates should be based on expert opinion; and  

(3) Short-term mortality improvement rates should blend smoothly into the assumed long-

term rates over an appropriate transition period. 

 

While RPEC believes that the above conceptual framework for the construction of mortality 

improvement scales is sound, the Committee has come to the conclusion that certain technical 

aspects of the CMI methodology are more complex than is necessary for most pension-related 

applications in the United States.  As a result, the Scale MP-2014 methodology incorporates a 

number of computational techniques that are intended to be simpler and more transparent than 

those used in the CMI model, but without compromising that model’s conceptual soundness. 

This new methodology has the additional benefit of being relatively easy to refresh, enhancing 

the prospects for more frequent updates to U.S. mortality improvement scales.  

 

 
 

 

                                                      
1
 The use of Scale AA in connection with statutory group annuity requirements is not affected by this report. 
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1.2 Data Sources and Key Assumptions Used to Develop Scale MP-2014 

 

The development of credible mortality improvement rates requires the analysis of large 

quantities of consistent data over long periods of time, two requirements that are difficult to 

achieve when data for pension mortality studies are collected infrequently and from many 

different sources. As a consequence, RPEC based the starting historical array for Scale MP-2014 

on the most recent Social Security mortality dataset (through calendar year 2009) supplied by the 

Office of the Chief Actuary (OCACT) at the Social Security Administration (SSA). 

 

The model’s single most important assumption is the long-term rate of future mortality 

improvement in the United States. Scale MP-2014 is based on an assumed long-term rate of 1.0 

percent per annum through age 85, and reflects a modest gradient between ages 85 and 95 before 

decreasing linearly to zero at age 115. RPEC carefully considered a number of different long-

term rate assumptions before arriving at a consensus on this and other key assumptions described 

in Section 3 of this report. Given the admittedly subjective nature of these assumptions, the 

Committee has included a brief discussion (in subsection 6.2) of factors that could influence 

long-term mortality patterns in the United States.  

 

To mitigate any potential for increased sensitivity around the edges of the graduated historical 

data, RPEC used a two-year step-back from 2009, the most recent year of SSA mortality data. 

RPEC then selected a 20-year period for the smooth transition between 2007 and the year in 

which the long-term rates are first attained. Hence, the age-specific Scale MP-2014 rates are 

constant starting in calendar year 2027.  

 

1.3 New Interpolation Methodology  

 

The two-dimensional interpolation methodology used to construct Scale MP-2014 rates between 

calendar years 2008 and 2026 represents one of the major simplifications relative to the CMI 

model. This new methodology, described in subsection 3.5, is based on a blend of two sets of 

mortality improvement rates, one set reflecting anticipated mortality improvements based on 

cubic polynomial interpolation along fixed age lines, and the other set reflecting anticipated 

mortality improvements based on cubic polynomial interpolation along fixed year-of-birth 

cohort lines.  

 

1.4 Financial Implications of Adopting Scale MP-2014 

 

Most current pension-related applications in the United States involve projection of RP-2000 (or 

possibly UP-94) base mortality rates using either Scale AA or Scale BB. RPEC believes that it 

will be considerably more meaningful for users to assess the combined effects of adopting RP-

2014 and MP-2014, rather than trying to isolate the impact of adopting one without the other. 

The financial impact of the combined change is expected to vary quite substantially based on the 

starting mortality assumptions; e.g., the impact of switching from a static projection using Scale 

AA will typically be much more significant than the impact of switching from a generational 

projection using Scale BB-2D. 
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The table below presents a comparison of 2014 monthly deferred-to-age-62 annuity due values 

(at 6.0 percent interest) based on a number of different sets of base mortality rates and 

generational projection scales, along with the corresponding percentage increases of moving to 

RP-2014 base rates
2
 projected generationally with Scale MP-2014. 

 
 

 
 

1.5 Recommended Application and Adoption of Scale MP-2014 

 

RPEC recommends that, subject to standard materiality criteria (including Actuarial Standard of 

Practice No. 35) and the user’s specific knowledge of the covered group, Scale MP-2014 be used 

to project mortality rates beyond 2014 for all retirement programs in the United States. 

Furthermore, RPEC recommends that Scale MP-2014 be used to project all of the tables 

presented in the RP-2014 report, including those for disabled lives.  

 

RPEC believes that two-dimensional projection scales represent a significant improvement over 

one-dimensional scales (such as Scale AA and interim Scale BB) in that they model anticipated 

mortality improvement trends simultaneously over broad ranges of ages and year-of-birth 

cohorts. Hence, RPEC encourages pension actuaries in the United States to consider the timely 

adoption of RP-2014 base mortality rates with generational projection using Scale MP-2014.  

 

1.6 Two-Dimensional Scales Based on Alternate Assumption Sets and Naming Conventions 

 

Finally, RPEC recognizes that some users would find it helpful to have the option of developing 

two-dimensional mortality rates based on assumption sets other than those used in Scale MP-

2014; e.g., to assess sensitivities to alternate long-term rate assumptions. The new Scale MP-

                                                      
2
 RP-2014 Employee mortality rates through age 61 and RP-2014 Healthy Annuitant mortality rates at ages 62 and 

older. 

Base Rates UP-94 RP-2000 RP-2000 RP-2000 RP-2014 UP-94 RP-2000 RP-2000 RP-2000

Proj. Scale AA AA BB BB-2D MP-2014 AA AA BB BB-2D

Age

25 1.3944      1.4029      1.4135      1.4115      1.4379      3.1% 2.5% 1.7% 1.9%

35 2.4577      2.4688      2.4881      2.4880      2.5363      3.2% 2.7% 1.9% 1.9%

45 4.3316      4.3569      4.3963      4.4012      4.4770      3.4% 2.8% 1.8% 1.7%

55 7.6981      7.7400      7.8408      7.8739      7.9755      3.6% 3.0% 1.7% 1.3%

65 11.0033    10.9891    11.2209    11.3199    11.4735    4.3% 4.4% 2.3% 1.4%

75 8.0551      7.8708      8.2088      8.3367      8.6994      8.0% 10.5% 6.0% 4.4%

85 4.9888      4.6687      5.0048      5.0992      5.4797      9.8% 17.4% 9.5% 7.5%

25 1.4336      1.4060      1.4816      1.4904      1.5195      6.0% 8.1% 2.6% 2.0%

35 2.5465      2.4931      2.6145      2.6299      2.6853      5.5% 7.7% 2.7% 2.1%

45 4.5337      4.4340      4.6264      4.6534      4.7497      4.8% 7.1% 2.7% 2.1%

55 8.1245      7.9541      8.2532      8.3155      8.4544      4.1% 6.3% 2.4% 1.7%

65 11.7294    11.4644    11.8344    11.9486    12.0932    3.1% 5.5% 2.2% 1.2%

75 8.9849      8.6971      9.0650      9.1654      9.3995      4.6% 8.1% 3.7% 2.6%

85 5.7375      5.5923      5.9525      6.0148      6.1785      7.7% 10.5% 3.8% 2.7%

Males

Females

Monthly Deferred-to-62 Annuity Due Values; 

Generational @ 2014 

Percentage Change of Moving to 

RP-2014 (with MP-2014) from:
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2014 methodology—specifically the technique for smoothly transitioning rates between 2007 
and some future calendar year—simplifies the process of constructing two-dimensional mortality 

improvement scales based on user-selected assumption sets.  

 

To preempt any misunderstanding in connection to projection scales based on alternate assumption 

sets, the name “Scale MP-2014” should be reserved exclusively for the rates displayed in Appendix 

A, which are based on the committee-selected assumption set described in Section 3.  
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Section 2. Background 

 

2.1 Evolution of this Project 

 

In late 2009 RPEC initiated a comprehensive analysis of pension plan mortality experience in the 

United States. At an early stage of its analysis, the Mortality Improvement subcommittee of 

RPEC noticed that mortality improvement experience in the United States since 2000 was clearly 

different from that anticipated by Scale AA. In particular, there was a noticeable degree of 

mismatch between the Scale AA rates and actual mortality experience for ages under 50, and the 

Scale AA rates were lower than the actual mortality improvement rates for most ages over 55. 

Given that the full Pension Mortality Study was still many months from completion at that time, 

the SOA decided to publish an interim mortality improvement Scale BB [16], which provided 

pension actuaries with a more up-to-date alternative to Scale AA for the projection of base 

mortality rates beyond calendar year 2000.  

 

After the publication of the interim Scale BB in September 2012, a new Mortality Improvement 

subcommittee was formed within RPEC to develop a new projection scale to be used in 

connection with the RP-2014 base pension mortality tables [19].  

 

2.2 Review of Scale AA 

 

In 1995, the SOA published a series of new mortality tables, along with related commentary [26, 

27]. In addition to the release of the GAM-94 and UP-94 base mortality tables, these reports 

introduced Scale AA, which was to be used for the projection of mortality improvements beyond 

1994. These new mortality assumption sets were intended to be used for both group annuity and 

uninsured pension plan purposes. Scale AA was based entirely on a blend of gender- and age-

specific mortality experience of the SSA and the Civil Service Retirement System between 1977 

and 1993, with a minimum rate of 0.5 percent for ages under 85. The Scale AA rates graded 

down to 0.1 percent at age 100 and were set equal to zero at ages over 100. 

 

In July 2000, RPEC published the RP-2000 Mortality Tables Report [18]. As part of its analysis, 

RPEC examined trends in non-disabled mortality rates for various datasets (including Federal 

Civil Service and the SSA). Based on that review, the authors of the RP-2000 Report 

recommended the continued use of Scale AA for the projection of mortality rates beyond the 

year 2000. 

 

2.3 Review of Interim Scales BB and BB-2D 

 

The interim Scale BB was designed to be a practical, short-term alternative to the dated Scale 

AA that pension actuaries could use while RPEC completed its development of a more 

permanent mortality projection model. Specifically, RPEC had three primary objectives in 

releasing the Scale BB Report: 
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1. To present to potential users of Scale AA the results of recent analyses performed by 

RPEC that showed that the rates of mortality improvement in the United States over the 

recent past have differed quite noticeably from those predicted by Scale AA; 

2. To provide an alternative to Scale AA that was based on more recent data and newly 

developed techniques, and that could be used immediately without any changes to 

existing valuation software; and 

3. To provide users and developers of actuarial software lead time prior to the release of 

two-dimensional pension mortality improvement scales. 

 

Scale BB was developed using SSA mortality data covering calendar years 1950 through 2007, 

and incorporated techniques—including analysis of U.S. mortality trends on a two-dimensional 

(age and calendar year) basis—that had not been used previously in the construction of mortality 

improvement scales published by the SOA. That resulting two-dimensional array of gender-

specific mortality improvement rates, which RPEC has subsequently named Scale BB-2D, was 

based on the Mortality Projections model developed over the past decade by the Continuous 

Mortality Investigation (CMI) group within the Faculty and Institute of Actuaries in the United 

Kingdom. In particular, Scale BB-2D was constructed following the “Advanced Parameter 

Layer” version of CMI’s Mortality Projections Model CMI_2010 [6] along with the following 

assumption set: 

 

 Pre-2005 mortality improvement rates derived from SSA mortality experience from 1950 

through 2007; 

 Assumed long-term mortality improvement rates equal to a flat 1.0 percent for all ages 

through 90 (decreasing linearly to age 120 thereafter);  

 Convergence periods of up to 20 years for age/period effects and 10 years for cohort 

effects; and 

 Fifty percent of convergence remaining at the midpoint of the convergence period. 

 

A link to the Scale BB-2D rates can be found in the answer to question # A3 of the Scale BB 

Q&A document [17]. 

 

Due to RPEC’s desire for users to be able to adopt the updated mortality improvement rates 

immediately, the committee took the additional step of converting the two-dimensional Scale 

BB-2D into a one-dimensional (age-only) scale that could be applied without any enhancements 

to existing pension valuation software. The process that produced the interim Scale BB from 

Scale BB-2D is described in subsection 5.3 of the Scale BB Report [16]. 
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Section 3. Development of Scale MP-2014  

 

3.1 Overview of MP-2014 Methodology  

 

The theoretical framework for Scale MP-2014 was patterned after the CMI Mortality Projections 

model, which was also the basis for Scale BB-2D. The key concepts underpinning the CMI 

methodology are: 

 

 Recently observed experience is the best predictor of future near-term mortality 

improvement rates; 

 Long-term rates of mortality improvement should be based on “expert opinion” and 

analysis of longer-term mortality patterns; and  

 Near-term rates should transition smoothly into the assumed long-term mortality 

improvement rates over appropriately selected convergence periods.  

 

One additional feature embedded in the CMI model is the explicit decomposition of historical 

mortality improvement rates into distinct age, period, and year-of-birth cohort components, 

which are subsequently recombined to project future mortality improvements.  

 

In an attempt to make Scale MP-2014 methodology more accessible, RPEC decided to simplify 

certain computational aspects of the CMI model. First, in lieu of penalized basis splines (P-

splines), RPEC decided to use two-dimensional Whittaker-Henderson graduation to smooth 

historical mortality improvement rates. Second, the Scale MP-2014 methodology reflects 

historical age/period and cohort effects using an implicit approach, in contrast to the CMI’s more 

explicit decomposition alluded to above. In addition to making the overall model more 

transparent than CMI’s approach, RPEC believes these new techniques greatly simplify the 

process of developing two-dimensional mortality improvement scales based on alternate 

assumption sets; e.g., for mortality assumption sensitivity analyses. 

 

Unlike the current CMI model, which requires the user to supply his or her own set of assumed 

long-term rates, Scale MP-2014 is based on a single set of “committee-selected” long-term 

mortality improvement rates. To help users assess the sensitivity of the committee-selected 

assumptions, subsection 5.3 of this report displays a comparison of annuity values computed 

using the committee-selected rates to those computed using long-term rates that are exactly twice 

as large. 

 

Throughout this report, f(x, y) will represent the gender-specific Scale MP-2014 mortality 

improvement rate at age x in calendar year y. The process RPEC used to develop these rates can 

be summarized in the following three steps: 

 

 Step 1: Development of historical two-dimensional mortality improvement rates. This 

step produces f(x, y) values for calendar years 1951 through 2007. 

 Step 2: Selection of appropriate long-term mortality improvement rates and convergence 

period. This step establishes f(x, y) values for calendar years 2027 and beyond. 



February 2014  11 Exposure Draft 
   
 

 Step 3: Smooth transition between the near-term and assumed long-term mortality 

improvement rates. This step produces f(x, y) values for calendar years 2008 through 

2026.  

 

3.2 Development of Historical Two-Dimensional Rates  

 

The development of credible mortality improvement rates requires the analysis of large 

quantities of consistent data over long periods of time, two conditions that are difficult to attain 

when data for pension mortality studies are collected infrequently from diverse sources. As part 

of the analysis performed in connection with the Scale BB Report [16], RPEC had determined 

that between calendar years 1998 and 2006 the mortality improvement patterns of two large 

public plans were generally consistent with those based on of the SSA mortality data.
3
 RPEC 

concluded that it would be reasonable to develop historic Scale MP-2014 mortality improvement 

rates on the most recent SSA mortality dataset,
4
 which consists of gender-specific mortality rates 

through calendar year 2009 for ages 0 through 120 [22]. It should be noted that the SSA 

mortality rates for ages 100 and older are based on estimates of increasing mortality rates at 

those advanced ages (i.e., not based entirely on central death rates), and the SSA mortality rates 

between ages 95 and 99 are determined by a blending of the pre-95 and post-99 methodologies 

[21].  

 

RPEC considered a number of different graduation techniques to smooth the resulting two-

dimensional mortality improvement data. Those techniques included P-splines, thin plate splines, 

and two-dimensional Whittaker-Henderson graduation. When appropriately parameterized, all 

three graduation techniques produced very similar sets of historical mortality improvement rates. 

 

Given the similarity among the three sets of graduated results, RPEC ultimately decided to 

proceed with the two-dimensional Whittaker-Henderson model. The Committee believes that 

Whittaker-Henderson graduation is considerably easier to understand and apply than the more 

mathematically complex P-spline and thin plate spline methodologies; e.g., sophisticated 

software for two-dimensional Whittaker-Henderson graduation is readily available online [9]. 

Testing also indicated that sensitivity of the final results to the parameters was low, mitigating 

potential concerns regarding the subjectivity of parameter selection within the Whittaker-

Henderson model.  

 

The historical U.S. population mortality improvement rates were obtained by graduating separate 

male and female datasets as follows: 

                                                      
3
 Datasets for these two public plans included retired lives only. Hence this mortality improvement comparison was 

performed for ages 55 and above. 

   
4
 The mortality dataset is for the Social Security’s “area population”, which is the population comprised of: (1) 

residents of the 50 states and the District of Columbia (adjusted for net census undercount); (2) civilian residents of 

Puerto Rico, the Virgin Islands, Guam, American Samoa and the Northern Mariana Islands; (3) federal civilian 

employees and persons in the U.S. Armed Forces abroad and their dependents; (4) non-citizens living abroad who 

are insured for Social Security benefits; and (5) all other U.S. citizens abroad [27]. This dataset was preferred over 

other sources, such as mortality data directly from the National Center for Health Statistics (NCHS), due to SSA’s 

ability to supplement the NCHS dataset with Medicare mortality information.  
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1. Calculating the natural logarithm of each SSA mortality rate, covering all calendar years 

1950 through 2009 and all ages 15 through 97. 

2. Using Whittaker-Henderson weights based on U.S. population data obtained from the Human 

Mortality Database [10]. Normalized weights for each age and calendar year were developed 

by dividing the individual weights by the sum of weights. 

3. Defining Whittaker-Henderson smoothness as the sum of the squares of the third finite 

differences. 

4. Selecting two-dimensional smoothness parameters of 100 in the calendar year direction and 

400 in the age direction. 

 

The resulting graduated values, denoted s(x, y) for each age, x, from 15 through 97 and each 

calendar year, y, from 1951 through 2009 were transformed into smooth mortality improvement 

rates, f(x, y), using the following formula:  

 

f(x, y) = 1 - Exp[s(x, y) - s(x, y-1)],  

 

where Exp[z] represents the function that raises e, the base of the natural logarithm, to the exponent 

z.  

 

“Edge effects” are instabilities that arise from the absence of data beyond the edges of the dataset 

being graduated. To mitigate these edge effects in the development of Scale MP-2014, RPEC 

continued to follow the CMI technique of stepping back two years from the most recent calendar 

year of actual experience. Hence, 2007 is the most recent calendar year of historic mortality 

improvement rates included in Scale MP-2014. Similarly to avoid potential edge effects with respect 

to ages, RPEC limited the historical MP-2014 mortality improvement rates to ages 20 through 95. 

The resulting two-dimensional arrays of graduated mortality improvement rates, colorized to create 

historical U.S. mortality improvement heat maps from ages 35 through 95 (youngest to oldest 

upward along the y-axis) and from calendar years 1951 through 2007 (left to right along the x-axis), 

are displayed in Figures 1(M) and 1(F).  

 

 Smoothed Historical U.S. Mortality Improvement Rates, 1951–2007 
 

     
 

 Figure 1(M)       Figure 1(F) 

 



February 2014  13 Exposure Draft 
   
 

Given that the heat maps displayed above come from the same source as Scale BB-2D (i.e., 

SSA-provided mortality rates, updated to include two additional years of mortality experience), it 

is not surprising that Figures 1(M) and 1(F) bear a strong resemblance to the corresponding 

Figures 3(M) and 3(F) in the Scale BB report. This is despite the fact that the two-dimensional 

graduation technique used to produce the historical arrays above is not the same as the technique 

used in the Scale BB report. 

 

RPEC continues to find heat maps extremely helpful in the identification of various types of 

historical mortality improvement trends in the United States. For example, vertical patterns of 

unusually high or low mortality improvement indicate past “period” effects, while diagonal 

patterns of unusually high or low mortality improvement indicate year-of-birth “cohort” effects. 

Any “age effects” would show up as horizontal patterns, but given the lack of such patterns in 

the historical U.S. heat maps, age effects in the United States appear to be minimal relative to 

period and cohort effects. (By their very structure, mortality improvement scales that vary by age 

only tend to understate the importance of period and cohort effects, contrary to recent U.S. 

experience.) 

 

It is important to note that the right-hand edges (calendar year 2007) of the surfaces displayed in 

Figures 1(M) and 1(F) above become the starting points for the smooth interpolations to the 

assumed long-term mortality improvement rates. The following Figure 2 displays those 2007 

values for males and females. 
 
 

  
 

Figure 2 

 

Figure 2 clearly exhibits relatively high levels of mortality improvement for the so-called “silent 

generation” born between 1925 and 1942. Conversely, Figure 2 shows low levels of mortality 

improvement for the “baby boom” generation (especially for males born around 1950 and 

females born around 1955). Figures 1(M) and 1(F) show that these cohort effects have now 

persisted essentially uninterrupted for at least three decades.  
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3.3 Selection of the Long-Term Rates of Future Mortality Improvement  
 

With respect to financial implications of the new mortality improvement scale, the assumptions 

regarding the long-term rates of future mortality improvement are the most important 

components of the model. RPEC recognizes that the selection of these long-term assumptions is 

also one of the more subjective aspects of the model. 

 

Long-term averages of U.S. population mortality improvement rates have generally hovered 

around 1.0 percent. For example, between the period 1900 and 2009, the age-sex-adjusted death 

rate in the United States declined at an average rate of 1.10 percent per year
5
, while over the 

more recent time period covering 1982 through 2009, the total age-sex-adjusted death rate 

declined at an average rate of 0.92 percent per year [23]. RPEC and OCACT participated in a 

number of conversations regarding the age-related shape of assumed long-term mortality 

improvement assumptions. OCACT assumes an “age gradient” in its projections of future 

mortality rates; i.e., it reflects different levels of mortality improvement based on broad age 

categories.  

 

Every four years, a Technical Panel of outside experts appointed by the Social Security Advisory 

Board publishes its independent report on the assumptions and methods used by the SSA.  The 

2007 Technical Panel recommended that the average long-term mortality improvement rate 

under the intermediate-cost set of assumptions be increased to a flat 1.0%, and the 2011 

Technical Panel recommended that period life expectancy in 2085 should be 88.7 years (up from 

85.0 years that was projected in the 2011 Trustees Report).  One way to achieve such a life 

expectancy is to assume a flat, long-term rate of improvement of 1.26%, though the 2011 

Technical Panel made no explicit percentage-based long-term rate recommendations [23, 24, 25]. 

In its “2013 Long-Term Budget Outlook” report released in September 2013, the Congressional 

Budget Office increased its long-term mortality improvement rates from the SSA’s intermediate-

cost assumption set it had used previously up to an average annual rate of 1.17% [2].  

 

After considering these and other opinions from experts in the field [15], RPEC concluded that a 

constant long-term mortality improvement rate of 1.0 percent through age 85 was an appropriate 

basis for the construction of Scale MP-2014. Given the longstanding pattern of decreases in 

historical mortality improvement rates after age 85, RPEC decided to incorporate into Scale MP-

2014 a slight gradient from the 1.0 percent rate at 85 to a rate of 0.85 percent at age 95, followed  

 

 

 

 

 

 

                                                      
5
 It should be noted that while the overall rate of age-sex-adjusted mortality improvement in the United States has 

remained close to 1.0% when averaged over long periods of time (and all ages), various sub-periods have exhibited 

quite dramatic variations in mortality improvement.     
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by a steeper decline to 0.0 percent at age 115. The following Table 3 compares the SSA’s 

intermediate-cost long-term rate assumptions
6
 used in the 2013 Trustees’ Report [29] to those 

selected by RPEC to construct Scale MP-2014.  
 
 

 
Table 3 

 

Of course, for purposes related to retirement programs, RPEC is most interested in the mortality 

improvement rates over age 50. 

 

RPEC recognizes that the selection of any single set of long-term mortality improvement rates is 

necessarily subjective. While RPEC believes that the 1.0 percent long-term rate (with taper 

starting at ages older than 85) is an appropriate basis for Scale MP-2014, the Committee 

members are fully aware that future developments (e.g., medical breakthroughs, environmental 

changes and societal factors) could have considerable impact on longer-term U.S. mortality 

trends. To that end, the new methodology underlying the construction of MP-2014 (described in 

subsection 3.5) was specifically designed to permit users who wish to modify certain key 

assumptions the ability to do so.  
 

3.4 Selection of the Convergence Period  

 

Similar to the underlying CMI framework used to develop Scale BB-2D, the Scale MP-2014 

methodology requires selection of an appropriate time frame over which the near-term mortality 

improvement rates transition smoothly into the long-term rates. This assumption is also clearly 

subjective, but the financial implications of using alternate convergence periods were generally 

found to be minor. RPEC selected a 20-year convergence period, implying that the committee-

selected long-term mortality improvement rates for Scale MP-2014 are fully phased in by 

calendar year 2027. The recommended approach for developing two-dimensional mortality 

improvement scales based on alternate assumption sets described in subsection 6.3 also enables 

the user to modify the convergence period.  

 

3.5 Smooth Transition from the Rates in 2007 to the Long-Term Rates  

 

This subsection describes the “double cubic interpolation” methodology used by RPEC to 

smoothly transition age-specific mortality improvement rates in calendar year 2007 (the starting 

                                                      
6
 SSA assumed average annual reductions in the age-adjusted central death rates for the period 2009 through 2087 

[29]. 

Age Band 

SSA Intermediate Cost Model;  

2009 - 2087 
MP-2014; 2027 and beyond 

0-14 1.54% 1.00% 

15-49 0.87% 1.00% 

50-64 1.08% 1.00% 

65-84 0.88% 1.00% 

85-94 Linear decrease from 1.00% at age 85 to 0.85% at age 95  

95+ Linear decrease from 0.85% at age 95 to 0.00% at age 115  
0.55% for 85+ 

Long-Term Rate Assumption Sets 
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point of the convergence period) to the assumed long-term rates in calendar year 2027 (the end 

point of the committee-selected convergence period).  

 

RPEC sought a method that reflects both period effects and cohort effects. The selected 

methodology utilizes a family of cubic polynomials that reproduce two selected values (one in 

2007 and another in 2027) and two selected slopes at those years. The initial slope at calendar 

year 2007 is determined by the change in mortality improvement values between 2006 and 2007 

(not less than -0.003 or greater than 0.003), and the ending slope at 2027 is always zero. (The 

Committee considered using a somewhat longer run-up period to determine the slope of the 

cubic polynomial in 2007, but the smoothness of the graduated historic mortality improvement 

rates leading up to 2007 rendered this extra step unnecessary.) 

  

For each age 20 through 95, the mortality improvement rates in the convergence period were 

calculated as the simple average of values developed from two separate interpolations: one 

“horizontal” cubic interpolation performed across a fixed age path and a second “diagonal” cubic 

interpolation performed along a fixed year-of-birth path. For each calendar year in the transition 

period, the mortality improvement rates at ages over 95 were calculated by interpolating linearly 

from the value at age 95 (calculated as in the prior sentence) to a value of zero at age 115.  

 

Two-dimensional tables of the gender-specific Scale MP-2014 rates are shown in Appendix A. 

They are also available in electronic format in the Excel file that accompanies this report (at the 

SOA website). The mathematical formulae underlying the interpolation methodology are 

included in Appendix B. 

 

3.6 Heat Maps  
 

Heat maps of the final gender-specific Scale MP-2014 rates for calendar years 1951 through 

2030 (on the horizontal axis) are displayed below. Given (1) the high degree of volatility in 

mortality improvement rates at ages below 35 (largely due to the extremely small value of the 

underlying mortality rates at those ages), and (2) the de minimis impact those rates have on most 

pension-related calculations, RPEC selected 35 as the starting age in the following heat map 

displays. The dashed white line on each heat map corresponds to the smoothed mortality 

improvement rates in calendar year 2007 (the starting year of the interpolation period), and the 

thin gray vertical line corresponds to calendar year 2014. 
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Figure 4(M) 
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Figure 4(F) 
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Section 4. Application of Scale MP-2014  

 

4.1 Recommended Application of Scale MP-2014 

 

Subject to the standard materiality criteria described in Actuarial Standard of Practice No. 35, 

Selection of Demographic and Other Noneconomic Assumptions for Measuring Pension 

Obligations (ASOP #35) [1] discussed more fully below, RPEC recommends that Scale MP-

2014 be used to project future mortality rates for all measurements of U.S. retirement program 

obligations.  

 

While there has been some growing evidence that recent mortality improvement trends in the 

United States have differed based on various socioeconomic factors [14], RPEC is of the opinion 

that there is not yet enough definitive research on the extent and potential duration of these 

trends to warrant the use of different mortality improvement rates for different segments of the 

U.S. population. Therefore, RPEC believes that it is appropriate to apply the same set of Scale 

MP-2014 rates to any of the base mortality tables included in the RP-2014 Report. This 

recommendation applies to the RP-2014 Disabled Retiree tables as well; see subsection 4.2 

below. 

 

As discussed in ASOP #35, the ultimate responsibility for the selection of demographic 

assumptions, including future mortality improvement rates, rests with the individual actuary. 

Within that responsibility, as described in Section 3.10.5, an individual actuary may rely on his 

or her professional judgment that the particular population covered by the assumption would 

reasonably be expected to have different experience than that anticipated by Scale MP-2014. 

Furthermore, the Committee acknowledges that for some plans, such as those that cover a small 

number of participants or those that are expected to pay benefits primarily in the form of a lump-

sum distribution with plan-specified mortality assumptions, the materiality threshold in Section 

3.10.1 may indicate that the methodology described in this report may be more refined than is 

required. 

  

4.2 Projection of Disabled Retiree Mortality Tables  

 

Performing mortality research on disabled retirement plan participants has always been 

challenging. Not only are the datasets for disabled lives typically much smaller than those for 

healthy lives, researchers must contend with the wide range of disablement severity and the 

diversity of eligibility criteria for plan disability benefits. Analysis of mortality improvement 

trends for disabled lives is especially challenging, given that it requires examination of extremely 

small changes in the disabled life base mortality rates over long periods of time.  

 

The authors of the RP-2000 Report did not identify any trend in disabled life mortality, and 

consequently they did not offer an opinion of the use of mortality improvement for Disabled 

Retirees. Analysis performed by OCACT on SSA disabled mortality rates indicated that recent 

mortality improvement trends for disabled lives in the United States have generally been similar 

to those for non-disabled lives. The similarity in mortality improvement trends is confirmed on 

page 41 of the 2012 OASDI Trustees’ Report: “Over the last 20 years, the rates of benefit 

termination [for disabled lives] due to death have declined very gradually, and generally have 
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mirrored the improving mortality experience for the overall population” [28]. This conclusion 

was consistent with RPEC’s comparison of the Disabled Retiree mortality rates included in the 

RP-2014 Mortality Tables Report
7
 to the corresponding rates in the RP-2000 Report.  

 

Being of the opinion that the forces that have driven—and will likely continue to drive—

mortality improvement trends for non-disabled lives will result in similar improvements for 

disabled lives, RPEC believes that it is appropriate to project mortality rates for disabled lives to 

reflect future improvement. Given the analyses described in the previous paragraph and subject 

to the standard materiality criteria alluded to above, RPEC recommends that the RP-2014 

Disabled Retiree rates be projected using Scale MP-2014 for years beyond 2014. 
 
 

4.3 Using Scale MP-2014 to Construct Two-Dimensional Mortality Tables  

 

Scale MP-2014 was designed to project mortality rates beyond calendar year 2014. If q(x,y) 

represents a specific mortality rate at age x in calendar year y, then the projected mortality rate at 

age x and calendar year y+1 is calculated as: 

 

q(x, y+1) = q(x,y) * (1 - f(x,y+1)),  

 

where f(x,y) is the Scale MP-2014 rate at age x in calendar year y. Note that although the 

projection formula shown above is applied purely “horizontally” (i.e., along fixed ages), all of 

the f(x,y) factors for years after 2007 were developed using the “double cubic” interpolation 

methodology described in subsection 3.5, and hence reflect both anticipated period and cohort 

effects. 

 

Applying the above formula to RP-2014 base mortality rates (i.e., with y = 2014) produces a 

projected set of rates for calendar year 2015. This process is then repeated (one year at a time) to 

produce a full set of two-dimensional mortality rates at each age and each calendar year beyond 

2014.  

 

Additional details on the construction of two-dimensional mortality tables (and its application 

within the context of generational mortality projection) can be found in Q&A C3 in the 

Questions and Answers Regarding Mortality Improvement Scale BB document [17].  
 

  

                                                      
7
 See subsection 10.4 of the RP-2014 report [19].  
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Section 5. Financial Implications  

 

5.1 Combined Financial Impact of Moving to RP-2014 Projected with Scale MP-2014  

 

Most current pension-related applications in the United States involve projection of RP-2000 (or 

possibly UP-94) base mortality rates using either Scale AA or Scale BB. Rather than trying to 

isolate the financial impact of adopting the new mortality improvement scale separately from 

that of adopting new base mortality rates, RPEC believes that it will be considerably more 

meaningful for actuaries to consider the combined impact of adopting Scale MP-2014 together 

with a suitable RP-2014 base mortality table. Table 5 below shows the combined impact on 2014 

deferred-to-age-62 annuity values (at 6.0 percent interest) of moving from RP-2000 Combined 

Healthy (or UP-94) base mortality rates projected generationally using Scales AA, BB, and BB-

2D to RP-2014 base mortality rates8 projected generationally using Scale MP-2014.  
 

 

Table 5 

 

Similar tables of annuity value comparison calculated at other interest rates (0%, 4% and 8%) 

can be found in the Appendix of the RP-2014 Mortality Table report. 

 

5.2 Impact of MP-2014 on Cohort Life Expectancy  

 

Table 6 below displays the impact of projecting future mortality improvement using Scale MP-

2014 relative to scales AA, BB and BB-2D on age-65 cohort life expectancies (all based on RP-

2014 Healthy Annuitant mortality rates). 

                                                      
8
 RP-2014 Employee rates to age 61 and RP-2014 Healthy Annuitant rates for ages 62 and older. 

Base Rates UP-94 RP-2000 RP-2000 RP-2000 RP-2014 UP-94 RP-2000 RP-2000 RP-2000

Proj. Scale AA AA BB BB-2D MP-2014 AA AA BB BB-2D

Age

25 1.3944      1.4029      1.4135      1.4115      1.4379      3.1% 2.5% 1.7% 1.9%

35 2.4577      2.4688      2.4881      2.4880      2.5363      3.2% 2.7% 1.9% 1.9%

45 4.3316      4.3569      4.3963      4.4012      4.4770      3.4% 2.8% 1.8% 1.7%

55 7.6981      7.7400      7.8408      7.8739      7.9755      3.6% 3.0% 1.7% 1.3%

65 11.0033    10.9891    11.2209    11.3199    11.4735    4.3% 4.4% 2.3% 1.4%

75 8.0551      7.8708      8.2088      8.3367      8.6994      8.0% 10.5% 6.0% 4.4%

85 4.9888      4.6687      5.0048      5.0992      5.4797      9.8% 17.4% 9.5% 7.5%

25 1.4336      1.4060      1.4816      1.4904      1.5195      6.0% 8.1% 2.6% 2.0%

35 2.5465      2.4931      2.6145      2.6299      2.6853      5.5% 7.7% 2.7% 2.1%

45 4.5337      4.4340      4.6264      4.6534      4.7497      4.8% 7.1% 2.7% 2.1%

55 8.1245      7.9541      8.2532      8.3155      8.4544      4.1% 6.3% 2.4% 1.7%

65 11.7294    11.4644    11.8344    11.9486    12.0932    3.1% 5.5% 2.2% 1.2%

75 8.9849      8.6971      9.0650      9.1654      9.3995      4.6% 8.1% 3.7% 2.6%

85 5.7375      5.5923      5.9525      6.0148      6.1785      7.7% 10.5% 3.8% 2.7%

Males

Females

Monthly Deferred-to-62 Annuity Due Values; 

Generational @ 2014 

Percentage Change of Moving to 

RP-2014 (with MP-2014) from:
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Table 6 

Table 7 below compares how age-65 cohort life expectancy is projected to change between 2015 

and 2035 under two sets of current SSA mortality assumptions (intermediate cost and high cost) 

[29] and the new SOA pension mortality assumptions described in the RP-2014 Report and this 

report. 

  

      Table 7  
 

The fact that the age-65 cohort life expectancies projected under the new set of SOA pension 

mortality assumptions are greater than both sets of corresponding SSA results is not surprising, 

given the long-standing pattern of lower mortality rates among retirement program participants 

compared to those of the general U.S. population. The projected 20-year increase in age-65 

cohort life expectancies based on RP-2014 Healthy Annuitant base rates projected using MP-

2014 ended up falling between the intermediate- and high-cost sets of SSA assumptions. 

 5.3 Sensitivity to Alternate Long-Term Rate Assumptions  

 

Table 8 below displays the sensitivity of immediate monthly deferred-to age-62 annuity values 

(at 6.0 percent interest) to an alternate set of long-term rates (denoted “2 x LTR”) in which each 

rate is double the committee-selected value upon which Scale MP-2014 was based; i.e., alternate 

long-term rates of: 2.0 percent for ages 18 through 85; linear interpolation from 2.0 percent at 

age 85 to 1.7 percent at age 95; and linear interpolation from 1.7 percent at age 95 to 0.0 percent 

at age 115. Improvement rates for years prior to 2008 are the same as for MP-2014 and rates for 

calendar years 2008 through 2026 are calculated using the same “double cubic” interpolation, 

although toward higher ultimate rates. 

 

2015 2035 Change 2015 2035 Change

SSA Intermediate Cost 19.3 20.6 1.3 21.6 22.8 1.2

SSA High Cost 20.2 22.2 2.0 22.5 24.3 1.8

RP-2014/MP-2014 21.7 23.4 1.7 23.9 25.6 1.7

Males Female

Basis

Comparison of Projected Age-65 Cohort Life Expectancy; 2015 to 2035

AA BB BB-2D MP-2014 AA BB BB-2D 

Males 20.9 21.6 21.3 21.6 3.4% 0.3% 1.6% 

Females 22.6 23.4 23.4 23.8 5.2% 1.7% 1.7% 

Age-65 Cohort Life Expectancy in 2014 Impact of Change From: 
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Table 8 

These results are consistent with the long-term rate sensitivity analyses performed by the 

Continuous Mortality Investigation (CMI) on their current model [4].  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Base Rates RP-2014 RP-2014

Proj. Scale MP-2014 2 x LTR

Age

25 1.4379                       1.5477                       7.6%

35 2.5363                       2.6983                       6.4%

45 4.4770                       4.6943                       4.9%

55 7.9755                       8.2241                       3.1%

65 11.4735                     11.6982                     2.0%

75 8.6994                       8.8497                       1.7%

85 5.4797                       5.5381                       1.1%

25 1.5195                       1.6146                       6.3%

35 2.6853                       2.8280                       5.3%

45 4.7497                       4.9466                       4.1%

55 8.4544                       8.6904                       2.8%

65 12.0932                     12.3189                     1.9%

75 9.3995                       9.5606                       1.7%

85 6.1785                       6.2475                       1.1%

Monthly Deferred-to-62 Annuity 

Due Values; Generational @ 2014
Percentage 

Change of 

Doubling Long-

Term Rates 

Males

Females
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Section 6. Other Considerations  

 

6.1 Absence of Age-Only Mortality Improvement Rates  

Unlike the Scale BB Report, this report does not include mortality improvement scales that vary 

by age only. RPEC expects that most pension valuation software can now accommodate two-

dimensional mortality improvement rates
9
 (as well as generational mortality projection), and 

believes that with limited exceptions the advantages of the two-dimensional methodology will 

warrant the additional computational complexity.  

Users who wish to develop a set of age-only mortality improvement rates (based on Scale MP-

2014 rates or some other set of two-dimensional rates) are encouraged to review the 

methodology described in subsection 5.3 of the Scale BB Report [16].  

6.2 Factors Affecting Future Mortality Trends 

 

The scope of scholarly research on human longevity has been extensive, especially over the past 

two decades. In addition to reviewing this research, RPEC commissioned its own literature 

review of relevant mortality topics and an assessment of U.S. mortality improvement rates [15]. 

 

RPEC believes that “The Long-Range Demographic Assumptions for the 2013 Trustees Report” 

[23] provides a good summary of the key factors that could affect future U.S. mortality patterns. 

The following has been extracted directly from Section 2.2 (Considerations in Selecting 

Mortality Assumptions) of that OCACT report: 

 

A number of extremely important developments have contributed to the generally rapid 

overall rate of mortality improvement during the past century. These developments 

include:  

• Access to primary medical care for the general population (in particular, the 

access due to Medicare and Medicaid health coverage for the elderly, disabled, 

and poor),  

• Discovery of and general availability of antibiotics and immunizations,  

• Clean water supply and waste removal, and  

• The rapid rate of growth in the general standard of living.  

 

Each of these developments is expected to make a substantially smaller contribution to 

annual rates of mortality improvement in the future.  

 

Future reductions in mortality will depend upon such factors as: 

  

• The development and application of new diagnostic, surgical, and life-sustaining 

techniques,  

                                                      
9
 RPEC clearly stated its expectation in the Scale BB Report that the “next generation” of pension mortality 

improvement scales would likely be two-dimensional. 
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• The rate of future increase in health spending and the efficiency of that spending 

relative to mortality improvement,  

• The presence of environmental pollutants,  

• Changes in amount and type of physical activity,  

• Improvements in nutrition,  

• The incidence of violence and suicide,  

• The isolation and treatment of causes of disease,  

• The emergence of new forms of disease,  

• The evolution of existing forms of disease,  

• Improvements in prenatal care,  

• The prevalence of obesity,  

• The prevalence of cigarette smoking,  

• The misuse of drugs (including alcohol),  

• The extent to which people assume responsibility for their own health,  

• Education regarding health, and  

• Changes in our perception of the value of life.  
 

In reviewing the above list, future progress for some factors seems questionable when 

recent statistics are considered. Recent National Center for Health Statistics (NCHS) 

releases have reported a substantial increase in the prevalence of obesity and diabetes, 

decreased environmental air quality, and an increase in negative side effects from 

invasive surgical procedures. On the other hand, there is good basis for speculation that 

there will be substantial breakthroughs in advancing medical technology and treatment 

in the future. The extent to which such new technologies will have purely positive effects 

(like improved sanitation) versus mixed effects (as in the case of chemotherapy) will 

determine their potential for improving mortality. A fundamental consideration, however, 

is the ability and willingness of our society to pay for the development of new treatments 

and technologies, and to provide these to the population as a whole. 

 

Those who are interested in additional perspectives on future mortality improvement in the 

United States can consult the following sources (many of which can be found at 

http://www.soa.org/professional-interests/pension/resources/pen-mortality-resources.aspx): 

 

 Longevity in the 21st Century [30]  

 Confronting the Boundaries of Human Longevity [11] 

 The Great Debate on the Outlook for Human Longevity: Exposition and Evaluation of 

Two Divergent Views [20] 

 Aging in America in the Twenty-first Century: Demographic Forecasts from the 

MacArthur Foundation Research [12] 

 Global Mortality Improvement Experience and Projection Techniques [14] 

 Projecting the Effect of Changes in Smoking and Obesity on Future Life Expectancy in 

the United States [13]. 
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6.3 Construction of Two-Dimensional Scales Based on Alternate Assumption Sets  

The cubic polynomial, C(t), described at the beginning of Appendix B, can be used to construct 

the interpolated rates in both the horizontal and diagonal directions. If a convergence period 

other than the committee-selected 20 years is desired, then the more general form of C(t) should 

be used with the parameter p set equal to the desired convergence period. Otherwise, the second 

formula in Appendix B (with p set equal to 20) can be used. In either case, the final step of the 

process would be to blend the two resulting sets of interpolated rates. 

 

6.4 Naming Conventions  

The name “Scale MP-2014” should be used exclusively in connection with the mortality 

improvement rates based on the committee-selected set of assumptions. Any other set of two-

dimensional mortality rates that is based on the methodology described in subsection 3.5 of this 

report may be described as being based on “MP-2014 methodology,” and should clearly identify 

(1) the assumed long-term rates for all ages between 20 and 120, (2) the assumed beginning and 

ending calendar years for the convergence period, (3) the constraints, if any, on the slope of the 

cubic polynomial at the beginning interpolation year, and (4) the blending percentage between 

the horizontal and diagonal interpolations.  

6.5 Entry Age Cost Method  

Entry Age is one of a number of cost methods that require an assumption regarding mortality 

rates for periods of time prior to the measurement date, and often prior to the base year of the 

assumed mortality table. Users should consult item B9 in the Scale BB Q&A document [17] for 

a suggested approach for handling two-dimensional mortality improvement in an Entry Age 

valuation. In particular, RPEC continues to believe that it would not be unreasonable for users to 

assume flat mortality improvement rates of 2.0 percent per annum for males and 3.0 percent per 

annum for females for all calendar years prior to 1951. 

6.6 More Frequent Updates  

One important feature of the new methodology used to develop Scale MP-2014 is the ease at 

which it can be updated. RPEC intends that this updating process be performed at least 

triennially, at which point the latest SSA mortality data would be integrated and the committee-

selected assumption set reviewed for continued appropriateness. The name of successive updates 

would reflect the year of the update; e.g., a new scale released in 2017 would be called Scale 

MP-2017.  

 

  



February 2014  27 Exposure Draft 
   
 

Section 7. References 

 

1. Actuarial Standard of Practice No. 35, Selection of Demographic and Other 

Noneconomic Assumptions for Measuring Pension Obligations (Revised Edition); 

Actuarial Standards Board; September 2010. 

2. The 2013 Long-Term Budget Outlook; Congressional Budget Office; September 2013. 

3. Continuous Mortality Investigation Working Paper 38: A Prototype Mortality Projections 

Model: Part One—An Outline of the Proposed Approach; June 2009, Institute of 

Actuaries and Faculty of Actuaries. 

4. Continuous Mortality Investigation Working Paper 39: A Prototype Mortality Projections 

Model: Part One—Detailed Analysis; July 2009, Institute of Actuaries and Faculty of 

Actuaries. 

5. Continuous Mortality Investigation Working Paper 41: CMI Mortality Projections Model, 

Feedback on Consultation and Issue of ‘CMI_2009’; November 2009, Institute of 

Actuaries and Faculty of Actuaries. 

6. Continuous Mortality Investigation Working Paper 49: The CMI Mortality Projections 

Model, CMI_2010; November 2010, Institute and Faculty of Actuaries. 

7. Continuous Mortality Investigation Working Paper 55: The CMI Mortality Projections 

Model, CMI_2011; September 2011, Institute and Faculty of Actuaries. 

8. Continuous Mortality Investigation Working Paper 63: The CMI Mortality Projections 

Model, CMI_2013; February 2012, Institute and Faculty of Actuaries.  

9. Howard, R.C.W., Tools for Whittaker-Henderson Graduation; 

www.howardfamily.ca/graduation/index.html. 

10. Human Mortality Database; www.mortality.org. 

11. Olshansky, S.J., et al., Confronting the Boundaries of Human Longevity, Scientific 

American, Vol. 86 Jan-Feb 1998. 

12. Olshansky, S.J., et al., Aging in America in the Twenty-first Century: Demographic 

Forecasts from the MacArthur Foundation Research, The Milburn Quarterly, Vol.87, 

Issue 4 (2009). 

13. Preston S.H, et al., Projecting the Effect of Changes in Smoking and Obesity on Future 

Life Expectancy in the United States, NBER Working Paper, July 2012. 

14. Purushotham M., et al., Global Mortality Improvement Experience and Projection 

Techniques; Society of Actuaries; June 2011. 

15. Literature Review and Assessment of Mortality Improvement Rates in the U.S. 

Population: Past Experience and Future Long-Term Trends; Society of Actuaries, 

prepared by Ernst & Young, August 2013. 

16. Mortality Improvement Scale BB Report; Society of Actuaries; September 2012. 

17. Questions and Answers Regarding Mortality Improvement Scale BB; Society of 

Actuaries; April 2013. 

18. RP-2000 Mortality Tables Report; Society of Actuaries, July 2000. 

19. RP-2014 Mortality Tables Report (Exposure Draft); Society of Actuaries, January 2014. 

20. Siegel, J., The Great Debate on the Outlook for Human Longevity: Exposition and 

Evaluation of Two Divergent Views, Society of Actuaries, January 2002 (Presented at the 

2005 “Living to 100 and Beyond” Symposium). 

21. SSA Actuarial Study #120; Life Tables for the United States Social Security Area 1900–

2100. 

http://www.mortality.org/


February 2014  28 Exposure Draft 
   
 

22. SSA Base Mortality Rates; rates for calendar years 1900 through 2009 (direct 

communication from SSA).  

23. SSA Office of the Chief Actuary, The Long-Range Demographic Assumptions for the 

2013 Trustees Report (May 31, 2013). 

24. Technical Panel on Assumptions and Methods (2007); October 2007, Report to the Social 

Security Advisory Board. Washington, D.C. 

25. Technical Panel on Assumptions and Methods (2011); September 2011, Report to the 

Social Security Advisory Board. Washington, D.C. 

26. The 1994 Group Annuity Mortality Table and 1994 Group Annuity Reserving Table; 

Transactions of the Society of Actuaries, 1995, Volume 47.  

27. The 1994 Uninsured Pensioner Mortality Table; Transactions of the Society of Actuaries, 

1995, Volume 47. 

28. The 2012 Annual Report of the Board of Trustees, Federal OASDI Trust Funds, April 

2012. 

29. The 2013 Annual Report of the Board of Trustees, Federal OASDI Trust Funds, May 

2013. 

30. Willets, R.C., et al., Longevity in the 21
st
 Century; British Actuarial Journal 10, IV, 685–

898 (2004). 



February 2014  29 Exposure Draft 
   
 

Appendix A: Scale MP-2014 Rates  

The gender-specific Scale MP-2014 rates for calendar years 2000 and beyond are displayed in 

this Appendix A. These rates, as well as those for calendar years starting in 1951 (e.g., for use in 

conjunction with Entry Age cost methods) are available in electronic format in the Excel file that 

accompanies this report. 
 

 

Male

Age 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

≤ 20 0.0105 0.0025 -0.0033 -0.0058 -0.0044 0.0012 0.0107 0.0235 0.0261 0.0280 0.0292 0.0298 0.0298 0.0294 0.0286

21 0.0069 -0.0015 -0.0075 -0.0101 -0.0089 -0.0035 0.0059 0.0185 0.0236 0.0256 0.0268 0.0275 0.0277 0.0274 0.0268

22 0.0043 -0.0046 -0.0111 -0.0140 -0.0129 -0.0077 0.0015 0.0139 0.0189 0.0233 0.0247 0.0255 0.0258 0.0257 0.0251

23 0.0030 -0.0068 -0.0138 -0.0172 -0.0164 -0.0114 -0.0024 0.0098 0.0146 0.0189 0.0227 0.0236 0.0240 0.0240 0.0236

24 0.0029 -0.0078 -0.0156 -0.0195 -0.0191 -0.0144 -0.0057 0.0061 0.0107 0.0149 0.0187 0.0220 0.0225 0.0226 0.0223

25 0.0042 -0.0076 -0.0163 -0.0209 -0.0211 -0.0167 -0.0084 0.0029 0.0073 0.0113 0.0150 0.0183 0.0212 0.0213 0.0212

26 0.0069 -0.0061 -0.0158 -0.0212 -0.0220 -0.0182 -0.0104 0.0002 0.0044 0.0082 0.0118 0.0151 0.0179 0.0203 0.0202

27 0.0106 -0.0034 -0.0141 -0.0204 -0.0219 -0.0189 -0.0118 -0.0020 0.0019 0.0056 0.0091 0.0122 0.0150 0.0175 0.0194

28 0.0153 0.0004 -0.0112 -0.0184 -0.0208 -0.0186 -0.0125 -0.0036 0.0000 0.0035 0.0068 0.0098 0.0126 0.0150 0.0170

29 0.0203 0.0048 -0.0075 -0.0154 -0.0186 -0.0173 -0.0123 -0.0046 -0.0013 0.0019 0.0051 0.0080 0.0107 0.0130 0.0150

30 0.0253 0.0095 -0.0033 -0.0116 -0.0155 -0.0151 -0.0112 -0.0048 -0.0019 0.0010 0.0039 0.0067 0.0092 0.0115 0.0135

31 0.0297 0.0140 0.0012 -0.0074 -0.0117 -0.0121 -0.0093 -0.0042 -0.0017 0.0009 0.0035 0.0060 0.0083 0.0105 0.0124

32 0.0332 0.0179 0.0055 -0.0030 -0.0074 -0.0085 -0.0066 -0.0026 -0.0006 0.0015 0.0037 0.0059 0.0080 0.0100 0.0118

33 0.0354 0.0210 0.0093 0.0013 -0.0030 -0.0044 -0.0032 -0.0003 0.0013 0.0029 0.0046 0.0064 0.0082 0.0099 0.0115

34 0.0365 0.0230 0.0123 0.0052 0.0013 -0.0001 0.0005 0.0026 0.0035 0.0044 0.0054 0.0066 0.0079 0.0092 0.0105

35 0.0364 0.0241 0.0146 0.0084 0.0051 0.0040 0.0044 0.0060 0.0064 0.0067 0.0071 0.0077 0.0085 0.0094 0.0104

36 0.0353 0.0242 0.0159 0.0108 0.0083 0.0076 0.0082 0.0096 0.0098 0.0097 0.0097 0.0097 0.0100 0.0105 0.0111

37 0.0335 0.0235 0.0164 0.0123 0.0107 0.0107 0.0116 0.0131 0.0134 0.0132 0.0129 0.0125 0.0123 0.0123 0.0125

38 0.0311 0.0222 0.0161 0.0131 0.0123 0.0130 0.0145 0.0164 0.0169 0.0169 0.0164 0.0158 0.0152 0.0147 0.0145

39 0.0282 0.0204 0.0153 0.0131 0.0131 0.0146 0.0167 0.0192 0.0202 0.0204 0.0200 0.0193 0.0184 0.0176 0.0168

40 0.0251 0.0182 0.0139 0.0125 0.0133 0.0154 0.0183 0.0214 0.0229 0.0235 0.0233 0.0226 0.0216 0.0204 0.0193

41 0.0218 0.0158 0.0123 0.0116 0.0130 0.0157 0.0192 0.0230 0.0248 0.0256 0.0256 0.0249 0.0237 0.0223 0.0209

42 0.0183 0.0132 0.0105 0.0103 0.0123 0.0155 0.0195 0.0238 0.0260 0.0271 0.0273 0.0267 0.0256 0.0240 0.0224

43 0.0147 0.0106 0.0085 0.0089 0.0113 0.0149 0.0193 0.0238 0.0264 0.0279 0.0284 0.0280 0.0270 0.0255 0.0237

44 0.0113 0.0079 0.0065 0.0073 0.0100 0.0139 0.0184 0.0232 0.0261 0.0280 0.0288 0.0287 0.0279 0.0265 0.0247

45 0.0083 0.0053 0.0044 0.0055 0.0084 0.0124 0.0171 0.0220 0.0252 0.0274 0.0286 0.0289 0.0283 0.0271 0.0255

46 0.0057 0.0030 0.0023 0.0036 0.0066 0.0106 0.0154 0.0203 0.0238 0.0263 0.0279 0.0285 0.0283 0.0273 0.0259

47 0.0037 0.0011 0.0003 0.0015 0.0045 0.0085 0.0133 0.0182 0.0219 0.0247 0.0266 0.0276 0.0277 0.0271 0.0259

48 0.0025 -0.0004 -0.0014 -0.0005 0.0023 0.0063 0.0109 0.0159 0.0197 0.0227 0.0249 0.0262 0.0267 0.0265 0.0256

49 0.0021 -0.0012 -0.0027 -0.0021 0.0003 0.0041 0.0086 0.0133 0.0171 0.0204 0.0229 0.0246 0.0254 0.0256 0.0250

50 0.0024 -0.0012 -0.0032 -0.0032 -0.0012 0.0021 0.0063 0.0108 0.0145 0.0178 0.0206 0.0227 0.0238 0.0243 0.0241

51 0.0035 -0.0005 -0.0029 -0.0034 -0.0020 0.0008 0.0044 0.0083 0.0119 0.0152 0.0180 0.0205 0.0221 0.0229 0.0230

52 0.0051 0.0010 -0.0017 -0.0027 -0.0019 0.0001 0.0030 0.0061 0.0095 0.0127 0.0156 0.0181 0.0201 0.0213 0.0218

53 0.0071 0.0032 0.0004 -0.0010 -0.0009 0.0003 0.0022 0.0043 0.0070 0.0098 0.0124 0.0148 0.0168 0.0184 0.0193

54 0.0094 0.0059 0.0032 0.0015 0.0010 0.0012 0.0021 0.0032 0.0049 0.0070 0.0093 0.0115 0.0134 0.0150 0.0164

55 0.0117 0.0088 0.0063 0.0046 0.0035 0.0029 0.0027 0.0027 0.0034 0.0048 0.0066 0.0085 0.0104 0.0120 0.0134

56 0.0141 0.0117 0.0096 0.0078 0.0063 0.0051 0.0040 0.0031 0.0028 0.0033 0.0045 0.0061 0.0078 0.0094 0.0109

57 0.0163 0.0144 0.0127 0.0110 0.0093 0.0076 0.0059 0.0042 0.0031 0.0028 0.0033 0.0045 0.0060 0.0075 0.0090

58 0.0183 0.0169 0.0154 0.0139 0.0122 0.0103 0.0082 0.0061 0.0043 0.0033 0.0031 0.0037 0.0049 0.0063 0.0078

59 0.0200 0.0190 0.0178 0.0165 0.0149 0.0129 0.0108 0.0084 0.0063 0.0047 0.0039 0.0039 0.0046 0.0057 0.0071

60 0.0215 0.0207 0.0198 0.0187 0.0173 0.0155 0.0134 0.0111 0.0088 0.0069 0.0055 0.0049 0.0050 0.0058 0.0069

61 0.0226 0.0221 0.0215 0.0206 0.0194 0.0179 0.0160 0.0138 0.0116 0.0095 0.0078 0.0066 0.0061 0.0064 0.0071

62 0.0234 0.0232 0.0228 0.0222 0.0213 0.0200 0.0184 0.0164 0.0144 0.0123 0.0104 0.0088 0.0078 0.0074 0.0077

63 0.0240 0.0241 0.0239 0.0235 0.0229 0.0219 0.0205 0.0187 0.0169 0.0150 0.0131 0.0113 0.0099 0.0089 0.0086

64 0.0242 0.0246 0.0248 0.0247 0.0243 0.0235 0.0223 0.0207 0.0191 0.0174 0.0156 0.0138 0.0121 0.0107 0.0099

Calendar Year



February 2014  30 Exposure Draft 
   
 

 

Male

Age 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027+

≤ 20 0.0274 0.0259 0.0242 0.0224 0.0205 0.0186 0.0167 0.0149 0.0133 0.0120 0.0109 0.0102 0.0100

21 0.0258 0.0245 0.0230 0.0214 0.0196 0.0179 0.0162 0.0145 0.0131 0.0118 0.0109 0.0102 0.0100

22 0.0243 0.0232 0.0219 0.0204 0.0188 0.0172 0.0157 0.0142 0.0128 0.0117 0.0108 0.0102 0.0100

23 0.0229 0.0220 0.0208 0.0195 0.0181 0.0167 0.0152 0.0139 0.0126 0.0116 0.0107 0.0102 0.0100

24 0.0218 0.0209 0.0199 0.0187 0.0175 0.0161 0.0148 0.0136 0.0124 0.0114 0.0107 0.0102 0.0100

25 0.0207 0.0200 0.0191 0.0181 0.0169 0.0157 0.0145 0.0133 0.0123 0.0113 0.0106 0.0102 0.0100

26 0.0198 0.0192 0.0184 0.0175 0.0164 0.0153 0.0142 0.0131 0.0121 0.0113 0.0106 0.0102 0.0100

27 0.0191 0.0186 0.0179 0.0170 0.0160 0.0150 0.0139 0.0129 0.0120 0.0112 0.0106 0.0102 0.0100

28 0.0186 0.0181 0.0175 0.0167 0.0157 0.0148 0.0138 0.0128 0.0119 0.0111 0.0105 0.0101 0.0100

29 0.0167 0.0179 0.0172 0.0164 0.0156 0.0146 0.0137 0.0127 0.0119 0.0111 0.0105 0.0101 0.0100

30 0.0151 0.0164 0.0172 0.0164 0.0155 0.0146 0.0136 0.0127 0.0119 0.0111 0.0105 0.0101 0.0100

31 0.0140 0.0152 0.0161 0.0165 0.0156 0.0147 0.0137 0.0128 0.0119 0.0111 0.0105 0.0101 0.0100

32 0.0133 0.0145 0.0153 0.0158 0.0159 0.0149 0.0139 0.0129 0.0120 0.0112 0.0106 0.0101 0.0100

33 0.0128 0.0139 0.0147 0.0152 0.0153 0.0151 0.0140 0.0130 0.0120 0.0112 0.0106 0.0102 0.0100

34 0.0117 0.0128 0.0135 0.0140 0.0143 0.0142 0.0139 0.0129 0.0119 0.0112 0.0105 0.0101 0.0100

35 0.0114 0.0123 0.0129 0.0134 0.0136 0.0136 0.0134 0.0129 0.0120 0.0112 0.0105 0.0101 0.0100

36 0.0117 0.0124 0.0129 0.0133 0.0134 0.0134 0.0131 0.0127 0.0121 0.0112 0.0106 0.0102 0.0100

37 0.0128 0.0131 0.0134 0.0136 0.0136 0.0135 0.0132 0.0127 0.0121 0.0114 0.0106 0.0102 0.0100

38 0.0143 0.0143 0.0143 0.0143 0.0141 0.0138 0.0134 0.0128 0.0121 0.0114 0.0107 0.0102 0.0100

39 0.0163 0.0158 0.0155 0.0151 0.0148 0.0143 0.0137 0.0130 0.0122 0.0114 0.0107 0.0102 0.0100

40 0.0182 0.0174 0.0167 0.0160 0.0154 0.0147 0.0140 0.0132 0.0123 0.0115 0.0108 0.0102 0.0100

41 0.0195 0.0183 0.0172 0.0163 0.0155 0.0147 0.0139 0.0131 0.0122 0.0114 0.0107 0.0102 0.0100

42 0.0207 0.0191 0.0178 0.0166 0.0156 0.0147 0.0138 0.0130 0.0121 0.0114 0.0107 0.0102 0.0100

43 0.0218 0.0200 0.0184 0.0169 0.0157 0.0146 0.0137 0.0128 0.0120 0.0113 0.0106 0.0102 0.0100

44 0.0228 0.0208 0.0190 0.0173 0.0159 0.0146 0.0136 0.0127 0.0119 0.0112 0.0106 0.0102 0.0100

45 0.0236 0.0215 0.0195 0.0177 0.0161 0.0147 0.0136 0.0126 0.0118 0.0111 0.0105 0.0102 0.0100

46 0.0241 0.0220 0.0200 0.0180 0.0163 0.0148 0.0135 0.0125 0.0117 0.0110 0.0105 0.0101 0.0100

47 0.0243 0.0224 0.0203 0.0183 0.0165 0.0149 0.0136 0.0125 0.0116 0.0110 0.0105 0.0101 0.0100

48 0.0242 0.0225 0.0206 0.0186 0.0167 0.0150 0.0136 0.0125 0.0116 0.0109 0.0104 0.0101 0.0100

49 0.0239 0.0224 0.0206 0.0188 0.0169 0.0152 0.0137 0.0125 0.0116 0.0109 0.0104 0.0101 0.0100

50 0.0233 0.0221 0.0205 0.0188 0.0170 0.0153 0.0138 0.0126 0.0116 0.0109 0.0104 0.0101 0.0100

51 0.0226 0.0216 0.0203 0.0188 0.0171 0.0154 0.0139 0.0127 0.0116 0.0109 0.0104 0.0101 0.0100

52 0.0217 0.0210 0.0200 0.0186 0.0171 0.0155 0.0141 0.0128 0.0117 0.0109 0.0104 0.0101 0.0100

53 0.0195 0.0192 0.0185 0.0175 0.0162 0.0149 0.0136 0.0125 0.0115 0.0108 0.0103 0.0101 0.0100

54 0.0170 0.0171 0.0167 0.0160 0.0151 0.0141 0.0131 0.0121 0.0113 0.0107 0.0103 0.0101 0.0100

55 0.0145 0.0150 0.0150 0.0146 0.0140 0.0133 0.0125 0.0117 0.0111 0.0106 0.0102 0.0100 0.0100

56 0.0121 0.0130 0.0134 0.0134 0.0131 0.0126 0.0120 0.0114 0.0109 0.0105 0.0102 0.0100 0.0100

57 0.0103 0.0113 0.0121 0.0125 0.0124 0.0121 0.0117 0.0113 0.0108 0.0104 0.0102 0.0100 0.0100

58 0.0091 0.0102 0.0111 0.0117 0.0120 0.0118 0.0116 0.0112 0.0108 0.0104 0.0102 0.0100 0.0100

59 0.0084 0.0096 0.0105 0.0112 0.0117 0.0118 0.0116 0.0112 0.0109 0.0105 0.0102 0.0101 0.0100

60 0.0082 0.0094 0.0103 0.0110 0.0115 0.0117 0.0117 0.0113 0.0110 0.0106 0.0103 0.0101 0.0100

61 0.0082 0.0093 0.0103 0.0110 0.0115 0.0117 0.0117 0.0115 0.0111 0.0107 0.0103 0.0101 0.0100

62 0.0084 0.0094 0.0103 0.0110 0.0115 0.0117 0.0117 0.0116 0.0112 0.0108 0.0104 0.0101 0.0100

63 0.0089 0.0095 0.0103 0.0110 0.0115 0.0117 0.0117 0.0116 0.0113 0.0108 0.0104 0.0101 0.0100

64 0.0096 0.0098 0.0103 0.0109 0.0114 0.0116 0.0117 0.0115 0.0112 0.0108 0.0104 0.0101 0.0100

Calendar Year



February 2014  31 Exposure Draft 
   
 

 

Male

Age 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

65 0.0243 0.0250 0.0254 0.0256 0.0254 0.0248 0.0238 0.0224 0.0210 0.0195 0.0178 0.0161 0.0143 0.0126 0.0114

66 0.0241 0.0251 0.0259 0.0263 0.0263 0.0259 0.0250 0.0238 0.0226 0.0212 0.0197 0.0181 0.0163 0.0146 0.0130

67 0.0236 0.0250 0.0261 0.0268 0.0270 0.0267 0.0260 0.0249 0.0238 0.0226 0.0212 0.0197 0.0181 0.0164 0.0147

68 0.0231 0.0248 0.0261 0.0270 0.0274 0.0273 0.0267 0.0258 0.0248 0.0237 0.0225 0.0211 0.0196 0.0180 0.0163

69 0.0224 0.0243 0.0259 0.0271 0.0276 0.0277 0.0272 0.0265 0.0257 0.0247 0.0235 0.0223 0.0209 0.0194 0.0178

70 0.0216 0.0237 0.0255 0.0269 0.0276 0.0278 0.0276 0.0271 0.0264 0.0255 0.0244 0.0232 0.0220 0.0206 0.0190

71 0.0207 0.0230 0.0249 0.0265 0.0274 0.0278 0.0278 0.0275 0.0269 0.0261 0.0251 0.0240 0.0228 0.0215 0.0201

72 0.0199 0.0222 0.0242 0.0259 0.0270 0.0276 0.0278 0.0277 0.0274 0.0267 0.0258 0.0247 0.0235 0.0223 0.0209

73 0.0191 0.0213 0.0234 0.0252 0.0265 0.0273 0.0277 0.0278 0.0277 0.0271 0.0263 0.0253 0.0242 0.0229 0.0216

74 0.0183 0.0205 0.0226 0.0244 0.0259 0.0268 0.0274 0.0278 0.0278 0.0275 0.0268 0.0258 0.0247 0.0234 0.0221

75 0.0176 0.0197 0.0218 0.0236 0.0252 0.0263 0.0271 0.0276 0.0278 0.0276 0.0271 0.0262 0.0251 0.0239 0.0225

76 0.0170 0.0190 0.0210 0.0229 0.0245 0.0257 0.0266 0.0273 0.0277 0.0277 0.0272 0.0264 0.0254 0.0242 0.0229

77 0.0164 0.0183 0.0202 0.0221 0.0237 0.0251 0.0261 0.0269 0.0275 0.0276 0.0273 0.0266 0.0256 0.0244 0.0231

78 0.0159 0.0177 0.0196 0.0214 0.0230 0.0244 0.0255 0.0265 0.0271 0.0273 0.0272 0.0266 0.0257 0.0246 0.0233

79 0.0153 0.0171 0.0189 0.0207 0.0223 0.0237 0.0249 0.0259 0.0267 0.0270 0.0269 0.0265 0.0257 0.0246 0.0234

80 0.0147 0.0164 0.0183 0.0200 0.0216 0.0230 0.0242 0.0253 0.0262 0.0266 0.0266 0.0263 0.0256 0.0246 0.0234

81 0.0140 0.0158 0.0176 0.0193 0.0209 0.0223 0.0236 0.0248 0.0257 0.0261 0.0262 0.0259 0.0253 0.0245 0.0233

82 0.0132 0.0150 0.0168 0.0186 0.0202 0.0216 0.0229 0.0241 0.0251 0.0256 0.0258 0.0256 0.0250 0.0243 0.0232

83 0.0123 0.0142 0.0160 0.0178 0.0194 0.0209 0.0223 0.0235 0.0245 0.0251 0.0253 0.0252 0.0247 0.0240 0.0230

84 0.0113 0.0132 0.0151 0.0169 0.0186 0.0202 0.0216 0.0229 0.0240 0.0246 0.0249 0.0248 0.0244 0.0237 0.0228

85 0.0102 0.0121 0.0140 0.0159 0.0177 0.0193 0.0208 0.0223 0.0234 0.0241 0.0244 0.0243 0.0240 0.0234 0.0225

86 0.0090 0.0109 0.0129 0.0149 0.0167 0.0184 0.0200 0.0215 0.0228 0.0236 0.0239 0.0239 0.0236 0.0230 0.0222

87 0.0076 0.0096 0.0116 0.0137 0.0156 0.0174 0.0191 0.0208 0.0221 0.0230 0.0234 0.0235 0.0232 0.0227 0.0219

88 0.0062 0.0082 0.0103 0.0124 0.0144 0.0163 0.0181 0.0199 0.0214 0.0223 0.0229 0.0230 0.0228 0.0223 0.0216

89 0.0048 0.0068 0.0088 0.0110 0.0131 0.0151 0.0170 0.0190 0.0205 0.0216 0.0223 0.0225 0.0223 0.0219 0.0212

90 0.0033 0.0052 0.0073 0.0095 0.0116 0.0138 0.0158 0.0179 0.0196 0.0208 0.0216 0.0219 0.0218 0.0214 0.0208

91 0.0017 0.0036 0.0057 0.0079 0.0101 0.0123 0.0145 0.0167 0.0185 0.0199 0.0207 0.0211 0.0212 0.0209 0.0203

92 0.0001 0.0020 0.0041 0.0063 0.0085 0.0108 0.0130 0.0153 0.0173 0.0188 0.0198 0.0203 0.0204 0.0202 0.0197

93 -0.0016 0.0003 0.0024 0.0045 0.0068 0.0091 0.0115 0.0138 0.0159 0.0175 0.0187 0.0193 0.0196 0.0194 0.0190

94 -0.0032 -0.0014 0.0006 0.0028 0.0050 0.0074 0.0098 0.0122 0.0144 0.0161 0.0174 0.0182 0.0185 0.0185 0.0182

95 -0.0049 -0.0032 -0.0012 0.0009 0.0032 0.0055 0.0079 0.0104 0.0126 0.0145 0.0159 0.0168 0.0174 0.0175 0.0173

96 -0.0047 -0.0030 -0.0012 0.0009 0.0030 0.0052 0.0075 0.0099 0.0120 0.0138 0.0151 0.0160 0.0165 0.0166 0.0164

97 -0.0044 -0.0029 -0.0011 0.0008 0.0028 0.0050 0.0071 0.0093 0.0114 0.0130 0.0143 0.0152 0.0156 0.0157 0.0155

98 -0.0042 -0.0027 -0.0010 0.0008 0.0027 0.0047 0.0067 0.0088 0.0108 0.0123 0.0135 0.0143 0.0147 0.0149 0.0147

99 -0.0039 -0.0025 -0.0010 0.0007 0.0025 0.0044 0.0063 0.0083 0.0101 0.0116 0.0127 0.0135 0.0139 0.0140 0.0138

100 -0.0037 -0.0024 -0.0009 0.0007 0.0024 0.0041 0.0060 0.0078 0.0095 0.0109 0.0119 0.0126 0.0130 0.0131 0.0130

101 -0.0034 -0.0022 -0.0009 0.0006 0.0022 0.0039 0.0056 0.0073 0.0089 0.0101 0.0111 0.0118 0.0121 0.0122 0.0121

102 -0.0032 -0.0021 -0.0008 0.0006 0.0021 0.0036 0.0052 0.0067 0.0082 0.0094 0.0103 0.0109 0.0113 0.0114 0.0112

103 -0.0030 -0.0019 -0.0007 0.0005 0.0019 0.0033 0.0048 0.0062 0.0076 0.0087 0.0095 0.0101 0.0104 0.0105 0.0104

104 -0.0027 -0.0018 -0.0007 0.0005 0.0017 0.0030 0.0044 0.0057 0.0070 0.0080 0.0087 0.0093 0.0095 0.0096 0.0095

105 -0.0025 -0.0016 -0.0006 0.0005 0.0016 0.0028 0.0040 0.0052 0.0063 0.0072 0.0079 0.0084 0.0087 0.0087 0.0086

106 -0.0022 -0.0014 -0.0006 0.0004 0.0014 0.0025 0.0036 0.0047 0.0057 0.0065 0.0072 0.0076 0.0078 0.0079 0.0078

107 -0.0020 -0.0013 -0.0005 0.0004 0.0013 0.0022 0.0032 0.0042 0.0051 0.0058 0.0064 0.0067 0.0069 0.0070 0.0069

108 -0.0017 -0.0011 -0.0004 0.0003 0.0011 0.0019 0.0028 0.0036 0.0044 0.0051 0.0056 0.0059 0.0061 0.0061 0.0060

109 -0.0015 -0.0010 -0.0004 0.0003 0.0010 0.0017 0.0024 0.0031 0.0038 0.0044 0.0048 0.0051 0.0052 0.0052 0.0052

110 -0.0012 -0.0008 -0.0003 0.0002 0.0008 0.0014 0.0020 0.0026 0.0032 0.0036 0.0040 0.0042 0.0043 0.0044 0.0043

111 -0.0010 -0.0006 -0.0003 0.0002 0.0006 0.0011 0.0016 0.0021 0.0025 0.0029 0.0032 0.0034 0.0035 0.0035 0.0035

112 -0.0007 -0.0005 -0.0002 0.0001 0.0005 0.0008 0.0012 0.0016 0.0019 0.0022 0.0024 0.0025 0.0026 0.0026 0.0026

113 -0.0005 -0.0003 -0.0001 0.0001 0.0003 0.0006 0.0008 0.0010 0.0013 0.0015 0.0016 0.0017 0.0017 0.0018 0.0017

114 -0.0003 -0.0002 -0.0001 0.0000 0.0002 0.0003 0.0004 0.0005 0.0006 0.0007 0.0008 0.0008 0.0009 0.0009 0.0009

115+ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Calendar Year



February 2014  32 Exposure Draft 
   
 

 

Male

Age 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027+

65 0.0105 0.0103 0.0104 0.0108 0.0112 0.0115 0.0116 0.0114 0.0112 0.0108 0.0104 0.0101 0.0100

66 0.0118 0.0110 0.0107 0.0108 0.0110 0.0113 0.0114 0.0113 0.0111 0.0108 0.0104 0.0101 0.0100

67 0.0132 0.0120 0.0113 0.0110 0.0110 0.0111 0.0112 0.0112 0.0110 0.0107 0.0104 0.0101 0.0100

68 0.0147 0.0132 0.0121 0.0114 0.0111 0.0110 0.0110 0.0110 0.0109 0.0106 0.0104 0.0101 0.0100

69 0.0161 0.0145 0.0132 0.0121 0.0114 0.0111 0.0110 0.0109 0.0108 0.0106 0.0103 0.0101 0.0100

70 0.0174 0.0158 0.0143 0.0130 0.0120 0.0114 0.0110 0.0108 0.0107 0.0105 0.0103 0.0101 0.0100

71 0.0186 0.0170 0.0154 0.0140 0.0127 0.0118 0.0112 0.0109 0.0106 0.0105 0.0103 0.0101 0.0100

72 0.0195 0.0180 0.0164 0.0149 0.0135 0.0124 0.0116 0.0110 0.0106 0.0104 0.0102 0.0101 0.0100

73 0.0202 0.0188 0.0172 0.0157 0.0143 0.0130 0.0120 0.0112 0.0107 0.0104 0.0102 0.0101 0.0100

74 0.0208 0.0194 0.0179 0.0164 0.0150 0.0136 0.0125 0.0115 0.0109 0.0105 0.0102 0.0101 0.0100

75 0.0212 0.0198 0.0184 0.0169 0.0155 0.0141 0.0129 0.0119 0.0111 0.0106 0.0102 0.0101 0.0100

76 0.0215 0.0201 0.0187 0.0173 0.0159 0.0145 0.0133 0.0122 0.0113 0.0107 0.0103 0.0101 0.0100

77 0.0217 0.0203 0.0189 0.0175 0.0161 0.0148 0.0135 0.0124 0.0115 0.0108 0.0103 0.0101 0.0100

78 0.0219 0.0204 0.0190 0.0176 0.0162 0.0150 0.0137 0.0126 0.0116 0.0109 0.0104 0.0101 0.0100

79 0.0220 0.0205 0.0191 0.0176 0.0163 0.0150 0.0138 0.0127 0.0117 0.0110 0.0104 0.0101 0.0100

80 0.0220 0.0206 0.0191 0.0177 0.0163 0.0150 0.0138 0.0128 0.0118 0.0110 0.0104 0.0101 0.0100

81 0.0220 0.0206 0.0191 0.0177 0.0163 0.0150 0.0138 0.0127 0.0118 0.0111 0.0105 0.0101 0.0100

82 0.0220 0.0206 0.0191 0.0177 0.0163 0.0149 0.0137 0.0127 0.0118 0.0111 0.0105 0.0101 0.0100

83 0.0219 0.0206 0.0191 0.0177 0.0163 0.0149 0.0137 0.0126 0.0117 0.0110 0.0105 0.0101 0.0100

84 0.0217 0.0205 0.0191 0.0177 0.0163 0.0149 0.0137 0.0126 0.0117 0.0109 0.0104 0.0101 0.0100

85 0.0215 0.0203 0.0191 0.0177 0.0163 0.0149 0.0137 0.0126 0.0116 0.0109 0.0104 0.0101 0.0100

86 0.0213 0.0201 0.0189 0.0176 0.0162 0.0149 0.0136 0.0125 0.0115 0.0108 0.0102 0.0099 0.0099

87 0.0210 0.0199 0.0187 0.0174 0.0161 0.0148 0.0135 0.0124 0.0114 0.0106 0.0101 0.0098 0.0097

88 0.0207 0.0196 0.0184 0.0172 0.0160 0.0147 0.0135 0.0123 0.0113 0.0105 0.0099 0.0096 0.0096

89 0.0203 0.0193 0.0182 0.0170 0.0157 0.0145 0.0134 0.0122 0.0112 0.0104 0.0098 0.0095 0.0094

90 0.0200 0.0190 0.0178 0.0167 0.0154 0.0142 0.0131 0.0121 0.0111 0.0103 0.0097 0.0093 0.0093

91 0.0195 0.0185 0.0175 0.0163 0.0151 0.0139 0.0128 0.0118 0.0109 0.0101 0.0095 0.0092 0.0091

92 0.0190 0.0181 0.0170 0.0159 0.0147 0.0136 0.0125 0.0115 0.0106 0.0100 0.0094 0.0090 0.0090

93 0.0183 0.0175 0.0165 0.0154 0.0143 0.0132 0.0121 0.0112 0.0103 0.0097 0.0092 0.0089 0.0088

94 0.0176 0.0168 0.0159 0.0149 0.0138 0.0128 0.0118 0.0108 0.0100 0.0094 0.0089 0.0087 0.0087

95 0.0168 0.0161 0.0152 0.0143 0.0133 0.0123 0.0113 0.0104 0.0097 0.0090 0.0086 0.0084 0.0085

96 0.0159 0.0153 0.0145 0.0136 0.0126 0.0117 0.0108 0.0099 0.0092 0.0086 0.0082 0.0080 0.0081

97 0.0151 0.0145 0.0137 0.0129 0.0120 0.0111 0.0102 0.0094 0.0087 0.0081 0.0078 0.0076 0.0077

98 0.0143 0.0137 0.0130 0.0122 0.0113 0.0104 0.0096 0.0089 0.0082 0.0077 0.0073 0.0072 0.0072

99 0.0134 0.0129 0.0122 0.0114 0.0106 0.0098 0.0091 0.0083 0.0077 0.0072 0.0069 0.0067 0.0068

100 0.0126 0.0121 0.0114 0.0107 0.0100 0.0092 0.0085 0.0078 0.0072 0.0068 0.0065 0.0063 0.0064

101 0.0118 0.0113 0.0107 0.0100 0.0093 0.0086 0.0079 0.0073 0.0068 0.0063 0.0060 0.0059 0.0060

102 0.0109 0.0105 0.0099 0.0093 0.0086 0.0080 0.0074 0.0068 0.0063 0.0059 0.0056 0.0055 0.0055

103 0.0101 0.0097 0.0092 0.0086 0.0080 0.0074 0.0068 0.0063 0.0058 0.0054 0.0052 0.0051 0.0051

104 0.0092 0.0089 0.0084 0.0079 0.0073 0.0068 0.0062 0.0057 0.0053 0.0050 0.0047 0.0046 0.0047

105 0.0084 0.0080 0.0076 0.0072 0.0067 0.0061 0.0057 0.0052 0.0048 0.0045 0.0043 0.0042 0.0043

106 0.0076 0.0072 0.0069 0.0064 0.0060 0.0055 0.0051 0.0047 0.0043 0.0041 0.0039 0.0038 0.0038

107 0.0067 0.0064 0.0061 0.0057 0.0053 0.0049 0.0045 0.0042 0.0039 0.0036 0.0035 0.0034 0.0034

108 0.0059 0.0056 0.0053 0.0050 0.0047 0.0043 0.0040 0.0037 0.0034 0.0032 0.0030 0.0030 0.0030

109 0.0050 0.0048 0.0046 0.0043 0.0040 0.0037 0.0034 0.0031 0.0029 0.0027 0.0026 0.0025 0.0026

110 0.0042 0.0040 0.0038 0.0036 0.0033 0.0031 0.0028 0.0026 0.0024 0.0023 0.0022 0.0021 0.0021

111 0.0034 0.0032 0.0031 0.0029 0.0027 0.0025 0.0023 0.0021 0.0019 0.0018 0.0017 0.0017 0.0017

112 0.0025 0.0024 0.0023 0.0021 0.0020 0.0018 0.0017 0.0016 0.0015 0.0014 0.0013 0.0013 0.0013

113 0.0017 0.0016 0.0015 0.0014 0.0013 0.0012 0.0011 0.0010 0.0010 0.0009 0.0009 0.0008 0.0009

114 0.0008 0.0008 0.0008 0.0007 0.0007 0.0006 0.0006 0.0005 0.0005 0.0005 0.0004 0.0004 0.0004

115+ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Calendar Year



February 2014  33 Exposure Draft 
   
 

 

Female

Age 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

≤ 20 0.0024 -0.0005 -0.0018 -0.0010 0.0023 0.0077 0.0147 0.0227 0.0253 0.0272 0.0285 0.0291 0.0292 0.0288 0.0280

21 0.0009 -0.0025 -0.0044 -0.0042 -0.0015 0.0030 0.0092 0.0164 0.0222 0.0242 0.0255 0.0263 0.0265 0.0263 0.0257

22 0.0003 -0.0037 -0.0063 -0.0066 -0.0048 -0.0011 0.0041 0.0103 0.0155 0.0212 0.0226 0.0235 0.0239 0.0239 0.0236

23 0.0007 -0.0041 -0.0072 -0.0083 -0.0072 -0.0045 -0.0004 0.0047 0.0094 0.0144 0.0200 0.0210 0.0216 0.0217 0.0216

24 0.0018 -0.0036 -0.0074 -0.0092 -0.0089 -0.0072 -0.0041 -0.0002 0.0040 0.0086 0.0133 0.0188 0.0195 0.0198 0.0198

25 0.0037 -0.0023 -0.0067 -0.0092 -0.0098 -0.0089 -0.0070 -0.0042 -0.0007 0.0034 0.0078 0.0123 0.0176 0.0180 0.0181

26 0.0061 -0.0004 -0.0053 -0.0084 -0.0098 -0.0098 -0.0088 -0.0071 -0.0047 -0.0017 0.0021 0.0062 0.0103 0.0152 0.0154

27 0.0088 0.0020 -0.0034 -0.0070 -0.0090 -0.0098 -0.0096 -0.0088 -0.0075 -0.0054 -0.0025 0.0010 0.0049 0.0088 0.0134

28 0.0115 0.0046 -0.0010 -0.0050 -0.0075 -0.0089 -0.0094 -0.0094 -0.0090 -0.0078 -0.0058 -0.0030 0.0005 0.0042 0.0078

29 0.0139 0.0072 0.0016 -0.0026 -0.0055 -0.0072 -0.0082 -0.0088 -0.0092 -0.0088 -0.0077 -0.0056 -0.0027 0.0006 0.0042

30 0.0158 0.0096 0.0042 0.0000 -0.0030 -0.0049 -0.0062 -0.0072 -0.0081 -0.0084 -0.0080 -0.0068 -0.0046 -0.0018 0.0014

31 0.0170 0.0115 0.0066 0.0027 -0.0002 -0.0021 -0.0034 -0.0046 -0.0058 -0.0067 -0.0070 -0.0066 -0.0052 -0.0030 -0.0003

32 0.0174 0.0126 0.0085 0.0052 0.0027 0.0010 -0.0002 -0.0013 -0.0027 -0.0039 -0.0048 -0.0050 -0.0044 -0.0030 -0.0009

33 0.0169 0.0130 0.0098 0.0073 0.0055 0.0043 0.0033 0.0023 0.0011 -0.0003 -0.0016 -0.0024 -0.0025 -0.0019 -0.0005

34 0.0155 0.0127 0.0105 0.0090 0.0080 0.0073 0.0068 0.0062 0.0051 0.0038 0.0024 0.0011 0.0004 0.0002 0.0009

35 0.0134 0.0115 0.0104 0.0100 0.0100 0.0100 0.0100 0.0099 0.0092 0.0081 0.0067 0.0052 0.0040 0.0032 0.0030

36 0.0108 0.0097 0.0097 0.0103 0.0113 0.0121 0.0128 0.0132 0.0131 0.0123 0.0111 0.0095 0.0080 0.0067 0.0059

37 0.0077 0.0074 0.0082 0.0099 0.0118 0.0135 0.0148 0.0159 0.0163 0.0161 0.0152 0.0138 0.0121 0.0105 0.0091

38 0.0045 0.0047 0.0062 0.0087 0.0115 0.0140 0.0161 0.0179 0.0190 0.0192 0.0187 0.0177 0.0160 0.0142 0.0125

39 0.0012 0.0018 0.0038 0.0070 0.0105 0.0137 0.0166 0.0190 0.0208 0.0216 0.0215 0.0208 0.0195 0.0177 0.0157

40 -0.0019 -0.0012 0.0011 0.0047 0.0088 0.0127 0.0162 0.0192 0.0216 0.0231 0.0236 0.0232 0.0222 0.0207 0.0187

41 -0.0046 -0.0040 -0.0017 0.0021 0.0066 0.0110 0.0150 0.0185 0.0213 0.0232 0.0242 0.0241 0.0234 0.0221 0.0203

42 -0.0069 -0.0065 -0.0043 -0.0005 0.0041 0.0088 0.0132 0.0171 0.0201 0.0224 0.0238 0.0244 0.0239 0.0228 0.0214

43 -0.0085 -0.0086 -0.0067 -0.0031 0.0015 0.0063 0.0109 0.0150 0.0182 0.0209 0.0227 0.0237 0.0238 0.0231 0.0218

44 -0.0094 -0.0100 -0.0085 -0.0053 -0.0009 0.0037 0.0083 0.0124 0.0158 0.0187 0.0209 0.0223 0.0230 0.0228 0.0218

45 -0.0095 -0.0106 -0.0097 -0.0070 -0.0031 0.0013 0.0056 0.0095 0.0130 0.0160 0.0185 0.0204 0.0215 0.0219 0.0215

46 -0.0087 -0.0104 -0.0101 -0.0081 -0.0048 -0.0009 0.0030 0.0066 0.0100 0.0131 0.0159 0.0181 0.0196 0.0205 0.0206

47 -0.0071 -0.0093 -0.0097 -0.0084 -0.0058 -0.0026 0.0007 0.0039 0.0071 0.0102 0.0131 0.0156 0.0175 0.0188 0.0194

48 -0.0049 -0.0074 -0.0084 -0.0078 -0.0061 -0.0037 -0.0010 0.0016 0.0044 0.0072 0.0099 0.0125 0.0146 0.0162 0.0173

49 -0.0021 -0.0049 -0.0064 -0.0065 -0.0055 -0.0039 -0.0020 -0.0001 0.0021 0.0044 0.0068 0.0093 0.0115 0.0133 0.0147

50 0.0008 -0.0020 -0.0038 -0.0044 -0.0041 -0.0033 -0.0021 -0.0010 0.0005 0.0022 0.0042 0.0064 0.0085 0.0105 0.0121

51 0.0038 0.0012 -0.0007 -0.0017 -0.0019 -0.0018 -0.0013 -0.0009 -0.0002 0.0008 0.0023 0.0040 0.0060 0.0079 0.0097

52 0.0065 0.0043 0.0026 0.0015 0.0009 0.0005 0.0003 0.0000 0.0000 0.0004 0.0012 0.0025 0.0041 0.0058 0.0076

53 0.0090 0.0072 0.0059 0.0049 0.0041 0.0034 0.0027 0.0018 0.0012 0.0009 0.0011 0.0018 0.0029 0.0044 0.0060

54 0.0109 0.0098 0.0090 0.0083 0.0076 0.0067 0.0056 0.0042 0.0031 0.0023 0.0020 0.0021 0.0027 0.0037 0.0051

55 0.0125 0.0120 0.0117 0.0114 0.0109 0.0101 0.0088 0.0072 0.0057 0.0045 0.0036 0.0032 0.0033 0.0038 0.0048

56 0.0136 0.0138 0.0140 0.0142 0.0140 0.0133 0.0120 0.0103 0.0087 0.0072 0.0060 0.0052 0.0047 0.0048 0.0053

57 0.0144 0.0151 0.0159 0.0164 0.0166 0.0161 0.0150 0.0134 0.0118 0.0102 0.0088 0.0077 0.0068 0.0064 0.0064

58 0.0149 0.0160 0.0172 0.0181 0.0187 0.0185 0.0177 0.0163 0.0148 0.0133 0.0118 0.0105 0.0094 0.0085 0.0080

59 0.0151 0.0166 0.0180 0.0193 0.0202 0.0204 0.0199 0.0189 0.0177 0.0163 0.0148 0.0134 0.0121 0.0109 0.0101

60 0.0151 0.0168 0.0185 0.0201 0.0212 0.0217 0.0216 0.0210 0.0201 0.0189 0.0176 0.0161 0.0147 0.0134 0.0122

61 0.0149 0.0168 0.0187 0.0205 0.0218 0.0226 0.0229 0.0226 0.0221 0.0212 0.0200 0.0186 0.0172 0.0157 0.0144

62 0.0145 0.0166 0.0187 0.0206 0.0222 0.0232 0.0237 0.0238 0.0235 0.0229 0.0220 0.0207 0.0193 0.0178 0.0163

63 0.0139 0.0162 0.0185 0.0206 0.0223 0.0235 0.0242 0.0245 0.0245 0.0242 0.0234 0.0223 0.0210 0.0195 0.0179

64 0.0133 0.0158 0.0182 0.0204 0.0223 0.0236 0.0244 0.0249 0.0251 0.0250 0.0245 0.0235 0.0223 0.0209 0.0193

Calendar Year



February 2014  34 Exposure Draft 
   
 

 

Female

Age 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027+

≤ 20 0.0269 0.0255 0.0239 0.0221 0.0202 0.0184 0.0165 0.0148 0.0132 0.0119 0.0109 0.0102 0.0100

21 0.0248 0.0237 0.0223 0.0208 0.0191 0.0175 0.0158 0.0143 0.0129 0.0117 0.0108 0.0102 0.0100

22 0.0229 0.0219 0.0208 0.0195 0.0181 0.0166 0.0152 0.0138 0.0126 0.0115 0.0107 0.0102 0.0100

23 0.0211 0.0203 0.0194 0.0183 0.0171 0.0158 0.0146 0.0134 0.0123 0.0114 0.0106 0.0102 0.0100

24 0.0195 0.0189 0.0181 0.0172 0.0162 0.0151 0.0141 0.0130 0.0121 0.0112 0.0106 0.0102 0.0100

25 0.0179 0.0175 0.0169 0.0162 0.0153 0.0144 0.0135 0.0126 0.0118 0.0111 0.0105 0.0101 0.0100

26 0.0154 0.0152 0.0148 0.0143 0.0138 0.0131 0.0125 0.0119 0.0113 0.0108 0.0104 0.0101 0.0100

27 0.0134 0.0134 0.0132 0.0129 0.0125 0.0121 0.0117 0.0113 0.0109 0.0105 0.0103 0.0101 0.0100

28 0.0121 0.0121 0.0121 0.0119 0.0117 0.0114 0.0112 0.0109 0.0106 0.0104 0.0102 0.0100 0.0100

29 0.0076 0.0115 0.0115 0.0114 0.0112 0.0110 0.0109 0.0106 0.0104 0.0103 0.0101 0.0100 0.0100

30 0.0048 0.0079 0.0114 0.0113 0.0111 0.0110 0.0108 0.0106 0.0104 0.0103 0.0101 0.0100 0.0100

31 0.0028 0.0059 0.0086 0.0116 0.0114 0.0112 0.0109 0.0107 0.0105 0.0103 0.0101 0.0100 0.0100

32 0.0017 0.0045 0.0072 0.0096 0.0120 0.0117 0.0113 0.0110 0.0107 0.0104 0.0102 0.0100 0.0100

33 0.0015 0.0039 0.0064 0.0086 0.0105 0.0123 0.0118 0.0113 0.0109 0.0105 0.0103 0.0101 0.0100

34 0.0021 0.0039 0.0060 0.0081 0.0099 0.0112 0.0125 0.0118 0.0112 0.0107 0.0103 0.0101 0.0100

35 0.0036 0.0047 0.0062 0.0079 0.0095 0.0108 0.0117 0.0123 0.0116 0.0109 0.0104 0.0101 0.0100

36 0.0056 0.0060 0.0069 0.0081 0.0094 0.0106 0.0114 0.0118 0.0119 0.0111 0.0105 0.0101 0.0100

37 0.0082 0.0078 0.0080 0.0087 0.0095 0.0104 0.0111 0.0115 0.0115 0.0113 0.0106 0.0102 0.0100

38 0.0110 0.0100 0.0095 0.0095 0.0099 0.0105 0.0110 0.0113 0.0113 0.0111 0.0107 0.0102 0.0100

39 0.0139 0.0123 0.0112 0.0106 0.0105 0.0107 0.0109 0.0111 0.0112 0.0110 0.0106 0.0102 0.0100

40 0.0166 0.0146 0.0130 0.0119 0.0112 0.0110 0.0109 0.0110 0.0110 0.0108 0.0105 0.0102 0.0100

41 0.0182 0.0161 0.0142 0.0127 0.0116 0.0110 0.0107 0.0107 0.0107 0.0106 0.0104 0.0101 0.0100

42 0.0195 0.0173 0.0153 0.0135 0.0121 0.0112 0.0107 0.0105 0.0104 0.0104 0.0103 0.0101 0.0100

43 0.0202 0.0183 0.0162 0.0143 0.0127 0.0115 0.0108 0.0104 0.0102 0.0102 0.0101 0.0101 0.0100

44 0.0204 0.0188 0.0170 0.0150 0.0133 0.0119 0.0110 0.0104 0.0101 0.0101 0.0101 0.0100 0.0100

45 0.0204 0.0189 0.0173 0.0156 0.0139 0.0124 0.0113 0.0105 0.0101 0.0100 0.0100 0.0100 0.0100

46 0.0201 0.0189 0.0174 0.0159 0.0143 0.0128 0.0116 0.0107 0.0102 0.0100 0.0100 0.0100 0.0100

47 0.0193 0.0187 0.0174 0.0161 0.0147 0.0133 0.0120 0.0110 0.0104 0.0101 0.0100 0.0100 0.0100

48 0.0177 0.0175 0.0168 0.0157 0.0144 0.0132 0.0121 0.0111 0.0105 0.0101 0.0100 0.0100 0.0100

49 0.0155 0.0158 0.0156 0.0150 0.0140 0.0129 0.0120 0.0111 0.0105 0.0101 0.0100 0.0100 0.0100

50 0.0133 0.0140 0.0142 0.0140 0.0134 0.0126 0.0118 0.0111 0.0105 0.0101 0.0100 0.0100 0.0100

51 0.0111 0.0122 0.0128 0.0130 0.0128 0.0123 0.0116 0.0110 0.0105 0.0102 0.0100 0.0100 0.0100

52 0.0092 0.0105 0.0114 0.0119 0.0121 0.0119 0.0115 0.0109 0.0105 0.0102 0.0100 0.0100 0.0100

53 0.0077 0.0091 0.0102 0.0110 0.0114 0.0115 0.0113 0.0110 0.0106 0.0103 0.0101 0.0100 0.0100

54 0.0066 0.0080 0.0093 0.0103 0.0109 0.0112 0.0111 0.0109 0.0106 0.0103 0.0101 0.0100 0.0100

55 0.0061 0.0074 0.0087 0.0097 0.0105 0.0109 0.0110 0.0109 0.0107 0.0104 0.0102 0.0100 0.0100

56 0.0061 0.0072 0.0084 0.0094 0.0102 0.0108 0.0110 0.0110 0.0108 0.0105 0.0102 0.0101 0.0100

57 0.0068 0.0075 0.0084 0.0094 0.0101 0.0107 0.0110 0.0110 0.0108 0.0106 0.0103 0.0101 0.0100

58 0.0080 0.0083 0.0088 0.0095 0.0102 0.0107 0.0110 0.0111 0.0109 0.0106 0.0103 0.0101 0.0100

59 0.0095 0.0094 0.0095 0.0099 0.0104 0.0108 0.0110 0.0111 0.0110 0.0107 0.0104 0.0101 0.0100

60 0.0113 0.0107 0.0105 0.0105 0.0107 0.0109 0.0111 0.0111 0.0110 0.0107 0.0104 0.0101 0.0100

61 0.0132 0.0122 0.0115 0.0112 0.0110 0.0111 0.0111 0.0111 0.0109 0.0107 0.0104 0.0101 0.0100

62 0.0149 0.0137 0.0127 0.0119 0.0115 0.0113 0.0111 0.0110 0.0109 0.0106 0.0104 0.0101 0.0100

63 0.0164 0.0150 0.0138 0.0128 0.0120 0.0115 0.0112 0.0110 0.0108 0.0106 0.0103 0.0101 0.0100

64 0.0177 0.0162 0.0148 0.0136 0.0126 0.0118 0.0113 0.0110 0.0108 0.0105 0.0103 0.0101 0.0100

Calendar Year
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Female

Age 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

65 0.0125 0.0152 0.0178 0.0201 0.0221 0.0235 0.0244 0.0249 0.0253 0.0254 0.0251 0.0243 0.0233 0.0219 0.0204

66 0.0117 0.0145 0.0172 0.0197 0.0217 0.0232 0.0242 0.0248 0.0253 0.0255 0.0253 0.0248 0.0239 0.0227 0.0213

67 0.0108 0.0137 0.0165 0.0191 0.0212 0.0227 0.0238 0.0246 0.0251 0.0254 0.0254 0.0250 0.0243 0.0232 0.0219

68 0.0100 0.0129 0.0158 0.0184 0.0205 0.0221 0.0233 0.0242 0.0249 0.0252 0.0252 0.0250 0.0244 0.0236 0.0224

69 0.0091 0.0120 0.0149 0.0175 0.0197 0.0214 0.0227 0.0237 0.0245 0.0249 0.0250 0.0249 0.0244 0.0237 0.0227

70 0.0084 0.0112 0.0140 0.0166 0.0188 0.0206 0.0221 0.0232 0.0241 0.0246 0.0247 0.0246 0.0243 0.0237 0.0228

71 0.0076 0.0103 0.0131 0.0157 0.0180 0.0198 0.0214 0.0227 0.0237 0.0242 0.0244 0.0244 0.0240 0.0235 0.0228

72 0.0069 0.0095 0.0123 0.0148 0.0171 0.0191 0.0207 0.0221 0.0232 0.0238 0.0241 0.0240 0.0237 0.0232 0.0226

73 0.0063 0.0088 0.0115 0.0141 0.0164 0.0184 0.0201 0.0215 0.0227 0.0234 0.0237 0.0237 0.0234 0.0229 0.0223

74 0.0057 0.0082 0.0108 0.0134 0.0157 0.0177 0.0195 0.0210 0.0222 0.0230 0.0234 0.0234 0.0231 0.0226 0.0219

75 0.0052 0.0076 0.0102 0.0128 0.0152 0.0172 0.0190 0.0205 0.0217 0.0226 0.0230 0.0231 0.0228 0.0223 0.0216

76 0.0047 0.0071 0.0097 0.0124 0.0148 0.0168 0.0185 0.0201 0.0213 0.0222 0.0226 0.0227 0.0225 0.0221 0.0214

77 0.0042 0.0066 0.0093 0.0120 0.0144 0.0165 0.0182 0.0198 0.0210 0.0219 0.0224 0.0225 0.0223 0.0219 0.0212

78 0.0038 0.0062 0.0089 0.0116 0.0141 0.0162 0.0180 0.0196 0.0209 0.0217 0.0222 0.0223 0.0222 0.0218 0.0211

79 0.0033 0.0058 0.0085 0.0113 0.0138 0.0160 0.0178 0.0195 0.0208 0.0217 0.0221 0.0223 0.0221 0.0217 0.0211

80 0.0027 0.0053 0.0081 0.0109 0.0135 0.0158 0.0177 0.0195 0.0208 0.0217 0.0222 0.0223 0.0222 0.0217 0.0211

81 0.0021 0.0047 0.0076 0.0105 0.0132 0.0156 0.0176 0.0195 0.0210 0.0219 0.0224 0.0225 0.0223 0.0219 0.0212

82 0.0014 0.0041 0.0071 0.0101 0.0129 0.0153 0.0175 0.0195 0.0211 0.0221 0.0226 0.0227 0.0225 0.0221 0.0214

83 0.0007 0.0034 0.0064 0.0095 0.0124 0.0150 0.0174 0.0196 0.0213 0.0224 0.0229 0.0231 0.0228 0.0223 0.0216

84 -0.0001 0.0027 0.0057 0.0089 0.0119 0.0147 0.0172 0.0196 0.0215 0.0227 0.0233 0.0234 0.0232 0.0227 0.0219

85 -0.0009 0.0019 0.0050 0.0082 0.0113 0.0142 0.0169 0.0195 0.0216 0.0229 0.0236 0.0238 0.0236 0.0230 0.0222

86 -0.0016 0.0011 0.0041 0.0074 0.0106 0.0137 0.0165 0.0193 0.0216 0.0231 0.0239 0.0241 0.0239 0.0234 0.0225

87 -0.0024 0.0002 0.0033 0.0066 0.0099 0.0130 0.0161 0.0190 0.0214 0.0231 0.0241 0.0244 0.0242 0.0237 0.0228

88 -0.0031 -0.0006 0.0025 0.0057 0.0090 0.0123 0.0155 0.0186 0.0212 0.0229 0.0240 0.0244 0.0243 0.0238 0.0229

89 -0.0038 -0.0013 0.0016 0.0049 0.0082 0.0115 0.0148 0.0180 0.0207 0.0226 0.0237 0.0242 0.0242 0.0237 0.0228

90 -0.0044 -0.0020 0.0008 0.0040 0.0073 0.0107 0.0140 0.0173 0.0201 0.0221 0.0233 0.0239 0.0240 0.0235 0.0227

91 -0.0049 -0.0027 0.0001 0.0032 0.0064 0.0097 0.0131 0.0165 0.0193 0.0214 0.0228 0.0235 0.0236 0.0233 0.0225

92 -0.0054 -0.0032 -0.0006 0.0024 0.0055 0.0088 0.0121 0.0155 0.0184 0.0206 0.0221 0.0229 0.0232 0.0229 0.0222

93 -0.0057 -0.0037 -0.0012 0.0016 0.0046 0.0078 0.0111 0.0144 0.0173 0.0196 0.0212 0.0222 0.0225 0.0224 0.0218

94 -0.0060 -0.0041 -0.0018 0.0009 0.0037 0.0068 0.0099 0.0131 0.0160 0.0184 0.0201 0.0212 0.0218 0.0217 0.0213

95 -0.0061 -0.0044 -0.0023 0.0002 0.0029 0.0057 0.0086 0.0117 0.0146 0.0170 0.0189 0.0201 0.0208 0.0210 0.0206

96 -0.0058 -0.0042 -0.0022 0.0002 0.0027 0.0054 0.0082 0.0111 0.0139 0.0162 0.0179 0.0191 0.0198 0.0199 0.0196

97 -0.0055 -0.0039 -0.0020 0.0002 0.0026 0.0051 0.0078 0.0105 0.0131 0.0153 0.0170 0.0181 0.0187 0.0189 0.0185

98 -0.0052 -0.0037 -0.0019 0.0002 0.0024 0.0048 0.0074 0.0099 0.0124 0.0145 0.0160 0.0171 0.0177 0.0178 0.0175

99 -0.0049 -0.0035 -0.0018 0.0001 0.0023 0.0046 0.0069 0.0093 0.0117 0.0136 0.0151 0.0161 0.0166 0.0168 0.0165

100 -0.0046 -0.0033 -0.0017 0.0001 0.0021 0.0043 0.0065 0.0088 0.0109 0.0128 0.0142 0.0151 0.0156 0.0157 0.0155

101 -0.0043 -0.0031 -0.0016 0.0001 0.0020 0.0040 0.0061 0.0082 0.0102 0.0119 0.0132 0.0141 0.0146 0.0147 0.0144

102 -0.0040 -0.0029 -0.0015 0.0001 0.0019 0.0037 0.0056 0.0076 0.0095 0.0111 0.0123 0.0131 0.0135 0.0136 0.0134

103 -0.0037 -0.0026 -0.0014 0.0001 0.0017 0.0034 0.0052 0.0070 0.0088 0.0102 0.0113 0.0121 0.0125 0.0126 0.0124

104 -0.0034 -0.0024 -0.0013 0.0001 0.0016 0.0031 0.0048 0.0064 0.0080 0.0094 0.0104 0.0111 0.0114 0.0115 0.0113

105 -0.0030 -0.0022 -0.0011 0.0001 0.0014 0.0029 0.0043 0.0058 0.0073 0.0085 0.0094 0.0101 0.0104 0.0105 0.0103

106 -0.0027 -0.0020 -0.0010 0.0001 0.0013 0.0026 0.0039 0.0053 0.0066 0.0077 0.0085 0.0091 0.0094 0.0094 0.0093

107 -0.0024 -0.0018 -0.0009 0.0001 0.0011 0.0023 0.0035 0.0047 0.0058 0.0068 0.0075 0.0081 0.0083 0.0084 0.0082

108 -0.0021 -0.0015 -0.0008 0.0001 0.0010 0.0020 0.0030 0.0041 0.0051 0.0060 0.0066 0.0070 0.0073 0.0073 0.0072

109 -0.0018 -0.0013 -0.0007 0.0001 0.0009 0.0017 0.0026 0.0035 0.0044 0.0051 0.0057 0.0060 0.0062 0.0063 0.0062

110 -0.0015 -0.0011 -0.0006 0.0000 0.0007 0.0014 0.0022 0.0029 0.0036 0.0043 0.0047 0.0050 0.0052 0.0052 0.0052

111 -0.0012 -0.0009 -0.0005 0.0000 0.0006 0.0011 0.0017 0.0023 0.0029 0.0034 0.0038 0.0040 0.0042 0.0042 0.0041

112 -0.0009 -0.0007 -0.0003 0.0000 0.0004 0.0009 0.0013 0.0018 0.0022 0.0026 0.0028 0.0030 0.0031 0.0031 0.0031

113 -0.0006 -0.0004 -0.0002 0.0000 0.0003 0.0006 0.0009 0.0012 0.0015 0.0017 0.0019 0.0020 0.0021 0.0021 0.0021

114 -0.0003 -0.0002 -0.0001 0.0000 0.0001 0.0003 0.0004 0.0006 0.0007 0.0009 0.0009 0.0010 0.0010 0.0010 0.0010

115+ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Calendar Year
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Female

Age 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027+

65 0.0188 0.0172 0.0157 0.0143 0.0132 0.0122 0.0115 0.0111 0.0107 0.0105 0.0103 0.0101 0.0100

66 0.0197 0.0181 0.0165 0.0150 0.0137 0.0126 0.0118 0.0112 0.0107 0.0104 0.0102 0.0101 0.0100

67 0.0204 0.0188 0.0172 0.0157 0.0143 0.0131 0.0121 0.0114 0.0108 0.0105 0.0102 0.0101 0.0100

68 0.0210 0.0195 0.0179 0.0163 0.0149 0.0136 0.0125 0.0116 0.0109 0.0105 0.0102 0.0101 0.0100

69 0.0214 0.0200 0.0184 0.0169 0.0154 0.0140 0.0128 0.0118 0.0111 0.0106 0.0102 0.0101 0.0100

70 0.0217 0.0204 0.0189 0.0173 0.0158 0.0144 0.0131 0.0121 0.0113 0.0107 0.0103 0.0101 0.0100

71 0.0218 0.0206 0.0192 0.0177 0.0162 0.0147 0.0134 0.0123 0.0114 0.0108 0.0103 0.0101 0.0100

72 0.0217 0.0206 0.0193 0.0179 0.0164 0.0150 0.0137 0.0125 0.0116 0.0108 0.0104 0.0101 0.0100

73 0.0215 0.0205 0.0193 0.0180 0.0166 0.0152 0.0139 0.0127 0.0117 0.0109 0.0104 0.0101 0.0100

74 0.0211 0.0202 0.0191 0.0179 0.0166 0.0153 0.0140 0.0128 0.0118 0.0110 0.0104 0.0101 0.0100

75 0.0208 0.0199 0.0189 0.0178 0.0166 0.0153 0.0141 0.0129 0.0119 0.0111 0.0105 0.0101 0.0100

76 0.0206 0.0197 0.0187 0.0176 0.0165 0.0153 0.0141 0.0130 0.0119 0.0111 0.0105 0.0101 0.0100

77 0.0204 0.0195 0.0185 0.0174 0.0164 0.0152 0.0141 0.0130 0.0120 0.0111 0.0105 0.0101 0.0100

78 0.0203 0.0193 0.0183 0.0173 0.0162 0.0151 0.0140 0.0130 0.0120 0.0112 0.0105 0.0101 0.0100

79 0.0203 0.0193 0.0183 0.0172 0.0161 0.0150 0.0140 0.0130 0.0120 0.0112 0.0105 0.0101 0.0100

80 0.0203 0.0194 0.0183 0.0172 0.0161 0.0150 0.0139 0.0130 0.0120 0.0112 0.0106 0.0101 0.0100

81 0.0204 0.0195 0.0184 0.0173 0.0161 0.0150 0.0139 0.0129 0.0120 0.0112 0.0106 0.0102 0.0100

82 0.0206 0.0196 0.0185 0.0174 0.0162 0.0150 0.0139 0.0129 0.0120 0.0112 0.0106 0.0102 0.0100

83 0.0208 0.0198 0.0187 0.0175 0.0163 0.0151 0.0139 0.0129 0.0119 0.0112 0.0106 0.0102 0.0100

84 0.0210 0.0200 0.0189 0.0177 0.0164 0.0152 0.0140 0.0129 0.0119 0.0111 0.0105 0.0102 0.0100

85 0.0213 0.0202 0.0191 0.0178 0.0165 0.0153 0.0140 0.0129 0.0119 0.0111 0.0105 0.0101 0.0100

86 0.0215 0.0204 0.0192 0.0179 0.0166 0.0153 0.0140 0.0128 0.0118 0.0110 0.0103 0.0099 0.0099

87 0.0217 0.0205 0.0192 0.0179 0.0166 0.0153 0.0140 0.0128 0.0117 0.0108 0.0102 0.0098 0.0097

88 0.0218 0.0205 0.0192 0.0178 0.0165 0.0152 0.0139 0.0127 0.0116 0.0107 0.0100 0.0096 0.0096

89 0.0217 0.0204 0.0190 0.0176 0.0162 0.0149 0.0137 0.0125 0.0114 0.0105 0.0099 0.0095 0.0094

90 0.0216 0.0203 0.0189 0.0174 0.0160 0.0147 0.0134 0.0123 0.0113 0.0104 0.0097 0.0093 0.0093

91 0.0214 0.0201 0.0187 0.0172 0.0158 0.0144 0.0131 0.0120 0.0111 0.0102 0.0096 0.0092 0.0091

92 0.0212 0.0199 0.0185 0.0170 0.0156 0.0142 0.0129 0.0117 0.0108 0.0101 0.0094 0.0090 0.0090

93 0.0208 0.0196 0.0182 0.0168 0.0153 0.0139 0.0126 0.0115 0.0105 0.0098 0.0093 0.0089 0.0088

94 0.0204 0.0193 0.0179 0.0165 0.0150 0.0136 0.0123 0.0112 0.0102 0.0095 0.0090 0.0087 0.0087

95 0.0199 0.0188 0.0176 0.0162 0.0147 0.0133 0.0120 0.0109 0.0099 0.0092 0.0087 0.0084 0.0085

96 0.0189 0.0179 0.0167 0.0154 0.0140 0.0127 0.0114 0.0103 0.0094 0.0087 0.0082 0.0080 0.0081

97 0.0179 0.0169 0.0158 0.0146 0.0133 0.0120 0.0108 0.0098 0.0089 0.0083 0.0078 0.0076 0.0077

98 0.0169 0.0160 0.0149 0.0137 0.0125 0.0113 0.0102 0.0092 0.0084 0.0078 0.0074 0.0072 0.0072

99 0.0159 0.0151 0.0140 0.0129 0.0118 0.0107 0.0096 0.0087 0.0079 0.0073 0.0069 0.0068 0.0068

100 0.0149 0.0141 0.0132 0.0121 0.0111 0.0100 0.0090 0.0082 0.0074 0.0069 0.0065 0.0063 0.0064

101 0.0139 0.0132 0.0123 0.0113 0.0103 0.0093 0.0084 0.0076 0.0069 0.0064 0.0061 0.0059 0.0060

102 0.0129 0.0122 0.0114 0.0105 0.0096 0.0087 0.0078 0.0071 0.0064 0.0060 0.0056 0.0055 0.0055

103 0.0119 0.0113 0.0105 0.0097 0.0088 0.0080 0.0072 0.0065 0.0059 0.0055 0.0052 0.0051 0.0051

104 0.0109 0.0104 0.0097 0.0089 0.0081 0.0073 0.0066 0.0060 0.0055 0.0050 0.0048 0.0046 0.0047

105 0.0099 0.0094 0.0088 0.0081 0.0074 0.0067 0.0060 0.0054 0.0050 0.0046 0.0043 0.0042 0.0043

106 0.0089 0.0085 0.0079 0.0073 0.0066 0.0060 0.0054 0.0049 0.0045 0.0041 0.0039 0.0038 0.0038

107 0.0080 0.0075 0.0070 0.0065 0.0059 0.0053 0.0048 0.0044 0.0040 0.0037 0.0035 0.0034 0.0034

108 0.0070 0.0066 0.0061 0.0057 0.0052 0.0047 0.0042 0.0038 0.0035 0.0032 0.0030 0.0030 0.0030

109 0.0060 0.0057 0.0053 0.0049 0.0044 0.0040 0.0036 0.0033 0.0030 0.0028 0.0026 0.0025 0.0026

110 0.0050 0.0047 0.0044 0.0040 0.0037 0.0033 0.0030 0.0027 0.0025 0.0023 0.0022 0.0021 0.0021

111 0.0040 0.0038 0.0035 0.0032 0.0029 0.0027 0.0024 0.0022 0.0020 0.0018 0.0017 0.0017 0.0017

112 0.0030 0.0028 0.0026 0.0024 0.0022 0.0020 0.0018 0.0016 0.0015 0.0014 0.0013 0.0013 0.0013

113 0.0020 0.0019 0.0018 0.0016 0.0015 0.0013 0.0012 0.0011 0.0010 0.0009 0.0009 0.0008 0.0009

114 0.0010 0.0009 0.0009 0.0008 0.0007 0.0007 0.0006 0.0005 0.0005 0.0005 0.0004 0.0004 0.0004

115+ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Calendar Year
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Appendix B: Mathematical Formulae 

 

In constructing Scale MP-2014, RPEC first developed a family of polynomial curves, C(t), that 

pass through two known points with known slopes at those points. Because there are four 

elements specified, the resulting polynomial is a cubic. The first point is at 2007, and its value 

and slope there are denoted y0 and m, respectively. Let p denote the length (in years) of the 

desired convergence period and let y1 denote the desired value of the point in year 2007 + p. 

Note that the desired slope of the curve at year 2007 + p is zero. Given the convergence period 

(p), the two values (y0 and y1) and two slopes (m and 0), the general form of the resulting cubic 

can be expressed as:  

 

                    
                 

  
            

   
             

  
            

 

Straightforward calculations show that this cubic polynomial satisfies the four desired 

conditions, namely:  

 

           ; 

             ; 

          ; and 

            . 

 

By plugging the committee-selected 20-year convergence period into the above formula, the 

function RPEC used to develop Scale MP-2014 reduces to:  

 

                     
                

   
           

  
              

    
            

 

The cubic polynomial,     , is used to interpolate annual mortality improvement rates in two 

directions—horizontally and diagonally—for values of t starting at 2008 and ending at 2026. 

These interpolated values were rounded to five decimal places. Throughout the remainder of this 

Appendix B, f(x, y) shall denote the mortality improvement rate at age x in calendar year y, first 

introduced in subsection 3.1.  

 

Horizontal Interpolation  

 

For each fixed age, x, the following values are known: 

 The starting mortality improvement rate, y0 = f(x, 2007); 

 The starting slope, m = f(x, 2007) – f(x, 2006), restricted to the closed interval [-.003, 

+.003]; and 
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 The ending mortality improvement rate, y1 = the assumed long-term rate at age x. 

 Given these three values and the 20-year committee-selected convergence period assumed by 

RPEC, the horizontal interpolations can be performed using the function C(t) above. For 

example, the corresponding values (accurate to five places) for a male age 65 in 2007 are: 

 

 y0 = 0.02242;  

 m = 0.02242 – 0.02375 = -0.00134; and  

 y1 = 0.01000. 

 

If we call this fixed-age-65 interpolating polynomial, Cage=65(t), then 

 

Cage=65(t) = 0.02242 - 0.00134 (t-2007) - 0.0000405 (t-2007)
2
 + 0.000000236 (t-2007)

3
,  

 

and the fixed-age-65 interpolated value in calendar year 2012 equals Cage=65(2012) = 0.01672.  
 

  
 

The reader can confirm that the graph of Cage=65(t) above reproduces the desired mortality 

improvement values and slopes at the beginning and the end of the interpolation period.  

 

Diagonal Interpolation  

 

For each fixed cohort year-of-birth, b, the following values are determined: 

 The starting mortality improvement rate, y0 = f(2007-b, 2007); (if b > 1987, then the 

value for b = 1987 is used instead); 

 The starting slope, m = f(2007-b, 2007) – f(2006-b, 2006), restricted to the closed interval 

[-.003, +.003]; (if b > 1987, then the value for b = 1987 is used instead); and 

 The ending mortality improvement rate, y1 = the assumed long-term rate at age 2027-b. If 

the quantity 2027-b is less than 20 (or greater than 120), the value of y1 is set equal to the 

assumed long-term rate at age 20 (respectively, age 120).  
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As with the horizontal interpolation, these three values (and the 20-year committee-selected 

convergence period) determine the cubic polynomials used for the diagonal interpolations along 

fixed year-of-birth paths. For example, the values (accurate to five places) for a female born in 

1930 are: 
 

 y0 = 0.01977;  

 m = 0.01977 – 0.01853 = 0.00124; and  

 y1 = 0.00765, the assumed long-term rate for a female age 97 in 2027. 

 

If we call this fixed-1930-cohort interpolating polynomial, Ccoh=1930(t), then 

 

Ccoh=1930(t) = 0.01977 + 0.00124 (t-2007) - 0.0002144 (t-2007)
2
 + 0.000006118 (t-2007)

3
,  

 

and the fixed-1930-cohort interpolated value in calendar year 2022 equals Ccoh=1930(2022) = 

0.01070. 

 

.  
 

Beyond calendar year 2027, the fixed-cohort values are equal to the assumed long-term rates at 

the projected ages. For example, the fixed-cohort mortality improvement rate in 2028 for a 

female born in 1930 would be 0.00723, the assumed long-term rate at age 98, and so on.  

 

Completing the Smooth Transition  

 

While each of the two sets of interpolations transitions smoothly from 2007 to 2027 on its own, 

the fixed-age interpolations exhibited a tendency to overemphasize purely horizontal patterns, 

and the fixed-cohort interpolations exhibited a tendency to overemphasize purely diagonal 

patterns. RPEC concluded that an equal blend of the two interpolation sets for all ages up 

through 95 would be a reasonable way to balance anticipated age and cohort effects. So, for a 

given age, x (20 ≤ x ≤ 95), and calendar year, y (2007 ≤ y ≤ 2027), the Scale MP-2014 mortality 

improvement rate, f(x,y), can be expressed as: 

 

0.0%

0.5%

1.0%

1.5%

2.0%

2.5%

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

2
0

1
2

2
0

1
3

2
0

1
4

2
0

1
5

2
0

1
6

2
0

1
7

2
0

1
8

2
0

1
9

2
0

2
0

2
0

2
1

2
0

2
2

2
0

2
3

2
0

2
4

2
0

2
5

2
0

2
6

2
0

2
7

Example of Diagonal Cubic:  Ccoh=1930(t)
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f(x ,y) = 50% Cage=x(y) + 50% Ccoh=(y-x)(y)  

 

The final (blended) Scale MP-2014 rates were rounded to four decimal places. 

 

Given the special methodology used by the SSA to develop mortality improvement rates above 

age 95 (see first paragraph of subsection 3.2), RPEC decided to interpolate linearly from the age 

95 mortality improvement rates described above to 0.0 percent at age 115 for each calendar year 

starting in 1951. In calendar year 2015, for example, the Scale MP-2014 rate for a female age 95 

is 0.0199. The Scale MP-2014 rate for a female age 96 in 2015 is calculated as (19/20) x 0.0199 

= 0.0189.  
 

 

 


