UTILIZATION OF DECISION ANALYSIS FOR SERVICE MEMBER
RETIREMENT OPTIONS

GRADUATE RESEARCH PAPER

Aaron J. Larose, Major, USAF
AFIT-IOA-ENS-11-02

DEPARTMENT OF THE AIR FORCE
AIR UNIVERSITY

AIR FORCE INSTITUTE OF TECHNOLOGY
o ——————————————————————

Wright-Patterson Air Force Base, Ohio

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED



The views expressed in this graduate research paper are those of the author and do not
reflect the official policy or position of the United States Air Force, Department of

Defense, or the U.S. Government.



AFIT-IOA-ENS-11-02

GRADUATE RESEARCH PAPER

Presented to the Faculty
Department of Operations Research
Graduate School of Engineering and Management
Air Force Institute of Technology
Air University
Air Education and Training Command
In Partial Fulfillment of the Requirements for the

Degree of Master of Science in Operations Analysis

Aaron J. Larose

Major, USAF

June 2011



AFIT-IOA-ENS-11-02

UTILIZATION OF DECISION ANALYSIS FOR SERVICE MEMBER

RETIREMENT OPTIONS

GRADUATE RESEARCH PAPER

Aaron J. Larose

Major, USAF

Approved:

IISIGNED// 22 June 2011

Dr Jeffery D. Weir, Civ, USAF (Advisor) Date



Abstract

The Military Retirement Reform Act of 1986 and subsequent repeal in the
FY2000 Military Defense Authorization Act resulted in a decision problem for all
military members considering retirement. The proper choice between the accepting
the $30,000 Career Service Bonus and Redux retirement pay versus the traditional
“High-3” retirement pay must be made by all members approaching 15 years of
service. Unfortunately there is very little guidance available for this decision; what
little there is can be misleading. The purpose of the model is to utilize decision
analysis tools to help bring clarity to the decision problem and allow service
members to make their decision based on their preference probabilities and
resulting expected values of either decision. The model provides a comprehensive
approach to the decision and results in a product that can be used by every service

member approaching retirement.
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UTILIZATION OF DECISION ANALYSIS FOR SERVICE MEMBER
RETIREMENT OPTIONS

I. Introduction

Background

The Military Retirement Reform Act of 1986 created an option for active duty
members of the armed forces when determining their retirement pay. At the core of this
decision is to determine whether or not a member should accept a $30,000 Career Status
Bonus at his/her 15" year of service in exchange for a reduced retirement percentage, or
forgo the bonus and remain with the more traditional retirement plan. Both plans will be

reviewed in Chapter II.
Problem Statement

Fundamentally the decision framework is to maximize total retirement pay for the
service member. There are many retirement calculators made available on the Office of
the Secretary of Defense website (OSD) ostensibly provided to help the service member
this decision. While (hopefully) created with good intentions, these calculators are over-
generalized and demand inputs from the member without guidance to the impact or the
likelihood of the inputs occuring. The calculators can be frustrating in terms of
comparison for this decision, and in some cases actually provide incorrect or inconsistent

information.

Objectives



The purpose of this Graduate Research Project is to create a better model and tool
for the service member to make his/her retirement pay decision. By applying advanced
decision analysis techniques to the decision process, the model allows members to see the
exact difference in Expected Value (EV) between the two decisions. Instead of inputs
that force the user to project exact numbers on uncertain future events like rates of return
and inflation, the model will allow users to place their personal preference probabilities
for the likelihood of each occurrence. Ultimately the model will bring clarity to this very

important financial decision that all retiring active duty service members must make.



I1. Literature Review

Overview

The purpose of this section is to review the programs currently in place for service
members’ retirement options, the calculators available from the Office of the Secretary of
Defense, and a review of the decision analysis tools that can be applied to provide a

better model for the retirement decision

Part 1: History of Military Retirement Reform Act 1986

The Military Retirement Reform Act of 1986 was passed by Congress and introduced
as Publication L. No. 99-348. (Hudson p.9) The immediate impact of this Act (also
known as Redux) was substantial. Originally enacted as a means to increase overall
retention beyond 20 years of service, it substantially reduced benefits for those separating
at 20 years. Additionally, Redux raised the growth of retired pay for each year a member
served beyond 20 years of service and reduced “the real value of the stream of retired pay
in an inflationary environment.” (Hudson). The basis of the original Redux plan is
similar to today’s plan with a few exceptions. Members of the Armed Forces who
entered service after August 1, 1986 fell under the Redux plan. Instead of receiving 50%
of their base pay if separating at 20 years (with an increase of 2.5% per year of additional
service), the number dropped to 40% at 20 years with an additional 3.5% per year of
additional service. Under either plan the max is topped out at 75% of base pay at 30

years of service. (Hudson) The annual Cost of Living Allowance (COLA) was also



lowered under Redux. Then (as now) the traditional “High 3” retirement increases retiree
pay based on the Consumer Price Index (CPI). The Redux plan reduced this increase in
pay by 1% per year. At age 62, retirees under the Redux would “catch-up” to the old
system, and retired pay would be reset to the traditional retirement percentage (50% at 20
years) and fully adjusted for CPI growth. (Hudson) After age 62, COLA would be

reduced to CPI-1% per year again.

Reason for input/authorization

The primary reason for the creation of the act was to reduce the total amount of
spending for retirement. According to a report by the Federal Research Division of the
Library of Congress, the Redux plan quieted criticism of the traditional 20-year system
that it was too costly to the tax-payer. The report identifies the fact that “by the mid
1990s, Redux had reduced the DoD’s annual accrual charge by more than one-third
compared with the pre-1980 system.” Another benefit touted by supporters of the Redux
plan was that it provided a stronger incentive for service members to serve beyond the
20-year point. (Hudson) Furthermore, the study concluded that these initiatives under the

Redux plan served to benefit retention in many skill areas.

Repeal/Re-introduction of High 3 plan

Although considered a success by supporters of the new plan because of the
anticipated budget relief, Redux created numerous additional problems. It provided no
incentive for military members to stay in unless they were willing to stay in for all 20

years. As Hudson points out, “Redux did not solve the basic force-management



difficulties associated with the 20-year system.” (Hudson) He continues that it did not
change the basic retirement structure; that there was still reason for service members to
stay in until reaching 20 years merely for the purpose of receiving the immediate annuity.
This resulted in the continued problems of locking in mid-careerists and retained until 20
years many under-performing personnel. The Clinton administration in 1998 supported
legislation to repeal the Redux retirement plan due to its negative impact on retention.
The FY2000 National Defense Authorization Act repealed compulsory Redux and
enabled service members to opt for the pre-Redux system or choose the Redux plan plus

an immediate $30,000 cash payment. (Hudson)

Part 2: DoD Financial Management Regulations

Volume 7A Chapter 66: Career Status Bonus/Redux Election Option

Members of the Armed Forces serving on active duty who became a member of
the Uniformed Services on or after August 1, 1986, are eligible to participate in the
CSB/Redux retirement option after completing 15 years of duty. Notification letters are
sent after 14 years and 6 months of service. In order for an individual to make the
CSB/Redux election, the member must submit their election form no later than the date
the member attains 15 years of service. Payments can be made in a single lump sum of
$30,000, or annual installment groupings of two ($15,000/year), three ($10,000/year),

four ($7,500/year) or five ($6,000/year). (DOD Financial Regulation)



The specifics of the plan are identified in title 10 of the United States Code
section 1409. For those service members who select Redux and the $30,000 Career
Status Bonus (in any form), their retirement percentage is reduced from 2.5% per year for
every year of service to 2.0% per year for every year of service from 0-20 years. So if a
member selects Redux/CSB he or she will receive 40% of his/her base pay at the 20 year
point. From years 20-30, the member’s percentage of base pay increases to 3.5% per
year to a maximum (with limited exceptions) of 75% of base pay at year 30. So ifa
member stays in for 30 years, he or she will retire with 75% of base pay, same as the

traditional or High — 3 retirement option.

Another key distinction (and financial drawback for the service member) of the
Redux plan is the Cost of Living Allowance (COLA) increase. Under the Redux plan,
service members will receive 1% less of an increase than they would receive under the
High — 3 plan. The COLA increase follows the Consumer Price Index (CPI), so if the
CPl increases by 3% in a given year, then the COLA will increase by 3% under High — 3,
but only by 2% for Redux. At age 62, those members who select Redux “catch-up” to
the High -3 plan. This means that those under the Redux plan have their retirement pay
recalculated as if they had retired under the High — 3 option. So a member who selected
Redux and retired after 20 years of service with 40% of his base pay would see that
number increase to 50% of his/her base pay and a COLA increase equal to CPI. In other
words, at age 62 he would receive the exact same amount under the Redux plan as he

would under the High 3 plan. This becomes the new base pay, but after age 62 the



service member under High 3 continues with COLA equal to CPI, while under Redux the

service member increases at CPl — 1%.

Specifics of High 3 Plan

The High 3 plan is based on the legacy or traditional retirement option. Service
members do not receive the $30,000 CSB. The calculation for their retirement pay is
based on 2.5% per year from years 0-30. So a service member retiring after 20 years of
service will receive 50% of his/her base pay. A member who retires after 30 years would
receive 75% of base pay. As mentioned previously, COLA increases according to CPI,
so if CPI increases by 3% in a given year, then COLA would increase by 3% as well.
Although it does not have the $30,000 Career Status Bonus, the monthly/annual
retirement pay is more under the High 3 plan than the Redux plan except for pay at age
62 and the other possible exception of the first year of retirement if a service member

stays in for 30 years.

So the question is clear: what is the better option? What advice or guidance can
leaders provide their airmen when it comes to this very important financial decision? The
simple answer up until now has been the same: it depends. This answer is technically
correct: it certainly does depend on a sequence of decisions still available to the service
member such as retirement timeline and investment options as well as unknown variables
including inflation and rate of return on investment. Typically members are pointed to
the retirement calculators available on the OSD website. Unfortunately, the underlying
assumptions on these calculators do not provide the fidelity a service member needs to

make an appropriately informed decision. This necessitates the need for a model which
7



can accept stochastic inputs and a service member’s preference probabilities into his
decision problem. Utilizing decision analysis techniques the model developed in this
research provides the service member the ability to more accurately predict the expected

value of his/her retirement.

Part 3: OSD Calculators

The Office of the Secretary of Defense maintains four different retirement calculators
on its website, including separate calculators for the both the High-3 plan and the
Redux/CSB plan as well as a “retirement choice” calculator designed to help service
members make the proper decision. Looking at each of these calculators and their
underlying assumptions in greater detail shows some flaws in these calculators as the sole

tool for this decision.

High 3 Calculator

The High 3 calculator is designed simply to show annual and cumulative
retirement pay compensation. The required inputs for the service member include his or
her career factors (year of retirement, years of service at retirement, and grade at
retirement) as well as predicted economic factors for inflation, annual active duty pay
raise, and tax rate. The default values are 3.5% inflation, 3.5% pay raise, and 28% tax
rate, but can be changed. The range of values for inflation is 2%-6%, and the range of

values for active duty pay raise is 2%-4%. Users therefore cannot “assume” the 1.4%



raise from 2010-2011 or the 0% COLA increase during the last two years (2009-2010 and

2010-2011). The inputs are seen below:

High-3 Retirement Calculator

U Career Factors

Please adjust each of the factors below to suit your situation. Click on the label for a definition of the term and, in some
cases, additional information.

Year of Retirement 2017 be ]

Years of Service at Retirement 20

:‘:J

Grade at Retirement

T
a“r

Z) Economic Factors
You may accept the default values below or adjust the values based upon your expectations about the economy.
Inflation Rate 3.5% % ]

Annual Active Duty Pay Raise|| 3.5% 5

Tax Rate 28% %

( Calculate )
_Colouine

Figure 1: High 3 Calculator

After entering all information, the calculator returns charts with annual, cumulative,

and before/after tax calculations, summarized in the following table:

Summary Results Table

The following tatle displays: 1) te before-tax manthly, annual, and cumulative retired pay and 2) the after-tax znnual and cumulative retired pay for selected milestones in your refired career.

| Befors Taxes Afer Taxes

Years Qut| Year (Monthly Payl.lnnual Pay|C ive | Annual Pay | C
1|27 §2448 $29,380| S29.380( S21,154) 521154
10 [2026)  $3,337) $40,043| $344673| $26.831| 5248185
0 |2036|  S4T07| $55484| $830BE9| S4066E| $598.226
30 |2046)  $6,640| $79,676|$1516,607| $57,367(81,092,022
40 (2056  §9,366 §112.391(52484,124| $80,922($1,788 569

These results were based on your choices and assumptions. The futura wil differ from these assumplions end actual resulis wil differ comespondingly. Remesmber these comparisons are not gueranieed; they are merely estmates.

Figure 2: High 3 Results



The calculator takes the user inputs for active duty pay raise to calculate the initial

pay at retirement:

RPo: Initial Retirement Pay

RRBP: Retirement Rank Base Pay

IR: % Inflation Rate (Annual)

ADPR: % Active Duty Pay Raise (Annual)

RPo =.5 (RRBP + (ADPR * # years until retirement))

This is a valid assumption although slightly flawed due to the previously mentioned
constraints on user inputs. Then the user-defined inflation rate is used as an input for

annual COLA increases according to the following calculation:

n = number of years of retirement

RP, = (RPp1* IR) + RPyq

Again this is a valid assumption but the similar flaws still apply. In this calculator
there is no basis for savings — it tells the user how much he/she will receive in retirement

for 40 years after retirement.

Redux/CSB Calculator

The Redux/CSB calculator is similar to the High 3 calculator but it is specifically

tailored to the service member who has already selected the CSB option. There are more

10



user inputs in this model, adding the current value of the CSB, the amount in TSP and

taxable investments, and the rate of return on both sets of investments:

CSB/REDUX Retirement Calculator
L Retirement Expectations

The first step in determining your retirement pay flow is to establish your retirement expectations. Please consider your planned retirement year and grade and answer the fellowing questions.

In what year do you plan to retire? 2017 T‘
What will be your age at retirement? 38 9
How many vears of service do you plan to have af refi 2| 20 ﬂ
At what grade do you hope fo refire? E7

Z Current Value of CSB

What is the value of your $30,000 CSB? Change the default values below to match your current account balances.

Amount in Thrift Savings Plan $ 0

Amount in Taxable Investment $ 30000

3) Economic Factors

Lastly, please consider what you expect to be the average economic conditions through the remainder of your career and the whole of your retirement. You may accept the default values below or adjust the values based upon your expectations about the econo

Inflation Rate 3.5% 3)

Annual Active Duty Pay Raise| 3.5% k% ]
Tax Rate 28% _=]

Return on Investment (TSP 8% T]

Return on Investment (Other) | 8% & |

Calculate

Figure 3: Redux Inputs

The restrictions on user inputs data remain the same as for the High 3 calculator.
Additionally, the range of inputs for return on investment starts at a low of 5% and
increases to 24%. The output from this calculator shows the monthly retirement pay
based on user inputs (including the catch-up at age 62) as well as the accumulation of the
savings from the bonus. The calculator assumes that the amount identified in either the
TSP or taxable investments will be saved and compounded at an interest rate based on

user input, and taxed as appropriate. The charts are also summarized in a final table:

11



Summary Results Table

The following table displays the annual and cumulative retired pay, the accumulated savings by saving the bonus, and the combination of retired pay and bonus accumulation.

All values are after-tax, as appropriate,

. Total Retirement
Annual Cumulative Bonus
Age . . . Pay + Bonus
Retirement Pay | Retirement Pay Accumulation .
Accumulation
Current $0 $0 $30,000 $30,000
Retirement Year
1 38 |$13,512 $13,512 $31,727 $45,239
10 47 |1$16,873 $151,358 $52,520 $203,878
20 57 |$21,600 $345,105 $91,948 $437,053
30 67 543,632 $683,364 $160,975 $844,339
40 77 |$55,857 $1,184,417 $281,821 $1,466,238

These results were based on your choices and assumptions. The future will differ from these assumptions and actual results will differ correspondingly. Remember these
comparisons are not guaranteed; they are merely estimates.

Figure 4. Redux Reults

The formulas used for the Redux Plan are similar to the High 3, except using the proper
2% / 3.5% format per year of service instead of 2.5%. The bonus accumulation is
compounded annually based on rate of return and tax rate defined by the user. For
everything identified in the TSP it is assumed to grow tax-free, so the accumulated bonus
is based on the tax-free growth, not on the taxes paid when/if the money is withdrawn.
The assumptions are valid but there are problems with this calculator as well. As
previously discussed, the lowest percent rate of return is 5% -- certainly a lower rate of
return than one would expect for stock investments, but probably a higher rate of return
than one would expect at a later age when typically people are mostly invested in income
producing bond products. There is no way to account for this investment strategy, so if a
user chooses 10% as the rate of return, that 10% will be the calculated rate all the way

through 40 years of retirement.

Retirement Choice Calculator

12



Another calculator on the OSD website is the Retirement Choice calculator, which is
used to compare the alternative decisions. This is the most pertinent calculator to the
decision maker and allows users to quantify and compare the value of their decision
based on their inputs. This involves the most complex series of questions, asking users to
determine their 15" year situation, including grade, combat zone participation, percentage

of salary contributed to TSP:

High-3 vs. CSB/REDUX Retirement Comparison

(1) 15th Year Situation

In order to determine your estimated retirement pay flow, we must first establish your situation at 15 years of service. If you are not currently near
your 15th year of service, please estimate.

When will you reach your 15th year of service? 2012 we '

What grade will you be at the beginning of you 15th vear of service? E-6 T]

Will you be in a combat zone at the beginning of your 15th year of service?| (] Yes

What percentage of your salary do you plan to contribute to the TSP? 0% =

Figure 5: Retirement Choice Inputs Part 1

Additional inputs include the retirement expectations and economic factors similar to the
previous two calculators. The factors include inflation rate, active duty pay raise, tax
rate, and return on investment. Slightly different than the straight Redux calculator, the
Choice calculator asks for the “Bonus Allocation” — how the user intends to distribute the

bonus:

13



(3) Bonus Allocation

How do you intend to distribute your $30,000 Career Status Bonus? Change the default values below to match your intended allocation. Maximum
amounts depend on your scenario, but we'll tell you if you've entered an invalid amount.

Based on your 15th year situation, your maximum allowable bonus allocation to the TSP is $0 to the nearest $500

Always use the maximum allowable TSP allocation| [ Yes
Amount in Thrift Savings Plan $ 0
Amount in Taxable Investment $ 30000
Amount Spent on Purchases $0

Total (Automatically Calculated) $ 30000

Figure 6: Retirement Choice Input Part 2

The choice calculator asks for more inputs but the drawback remains the same — the
limitations on the inflation rate and active duty pay raise and the necessity to make
certain assumptions on unknown variables. The output from the calculator allows users

to compare the difference between the two retirement plans.

The output of the choice calculator is similar to the other versions, but the choice
displays the difference between the two plans in different formats. First, it shows a chart

depicting the difference in monthly pay:

14



® Redux Pay High 3 Pay

$0 $2,548 $5,007( $7,645| $10,195

o g A
- O 0

mo >

$0| $2,548| $5,007| $7,645) $10,195)

B Redux Pay High 3 Pay

Assumptions:

15th year of service: 2011 Age at 20 years of service: Thrift Savings Plan: $30000 Inflation Rate: 3.5%

Grade at 15th year of 38 Other Taxable Investment: Annual Active Duty Pay
service: E-6 Years of service at $0 Raise: 3.5%

Combat Zone: No retirement: 20 Spent On Purchases: $0 Tax Rate: 28%

TSP Contribution: 1% Grade at retirement: E-8 ROl on TSP: 8%

ROI on Taxable
Investment: 8%

Figure 7: Retirement Choice Output (Monthly Pay)

The chart only shows the difference in monthly pay — no calculations or assumptions for

savings are shown. It accurately reflects the “catch-up” provision between the two plans
15



at age 62. The next chart displays the bonus provision against the difference in pay

between the two plans:

B Bonus Accumulation H3 REDUX Difference

$0 $294,376| $588,751| $883,126| $1,177,503

mo >

$0 $294,376| $588,751| $883,126/ $1,177,503

B Bonus Accumulation H3 REDUX Difference

Assumptions:

15th year of service: 2011 Age at 20 years of service: Thrift Savings Plan: $30000 Inflation Rate: 3.5%

Grade at 15th year of 38 Other Taxable Investment: Annual Active Duty Pay
service: E-6 Years of service at $0 Raise: 3.5%

Combat Zone: No retirement: 20 Spent On Purchases: 30  Tax Rate: 28%

TSP Contribution: 0% Grade at retirement: E-8 ROl on TSP: 8%

ROl on Taxable
Investment: 8%

Figure 8: Retirement Choice Output (Cumulative)
16



The red “Bonus Accumulation” calculation is straight-forward. Based on user inputs, this
shows the amount that the bonus will earn in tax or tax-deferred savings accounts. The
H3/REDUX Difference is not quite as simple. It shows the amount that will be
accumulated and earned based on saving the difference between the High 3 retirement
option and the REDUX option. In the scenario from the charts, this difference is 50% of
base pay for High 3 vs. 40% of base pay for REDUX (based on the input of 20-year
retirement) and a 1% per year difference until age 62. The important factor to consider is
that this option assumes that the service member will be aware of this difference and will

always be able to invest that difference.

The final output of this calculator is a table which summarizes the results:

Summary Results Table

The following table displays: 1) The after-tax annual retired pay and 2) the accumulated savings by saving the Bonus under
REDUX/Bonus for selected time periods.

CSB/REDUX High-3
Annual Retired Bonus Annual Retired Eaninglioies
Age . and REDUX
Pay Accumulation Pay X
Difference
15th YOS 33 $0 $30,000 $0 $0
Retirement Year
1 38 ($18,412 $47,606 $23,023 $4,611
10 47 1%22,991 $95,165 $31,378 $80,710
20 57 |%$29,428 $205,454 $44,262 $289,849
30 67 |$59,469 $443,560 $62,436 $619,742
40 77 |$76,127 $957,613 $88,073 $1,177,502

Figure 9: Retirement Choice Summary Table

This table highlights the difference between the two plans based on user inputs and the
calculations previously discussed. Adding to the confusion is that the table actually
shows the same money twice. First, it shows the difference in the annual retired pay

between the two plans, and then it again shows what that extra pay would be worth if
17



invested. Although subtle, it is definitely an important factor that could be easily missed

by the user.

Potential flaws with the calculators

While the calculators provide a tool for service members to analyze their different
options, there are many potential pitfalls with the calculations, even if users completely
understand the underlying assumptions. These include the limitations of the requested
user inputs, problems with the underlying assumptions of the difference calculation, and

in some cases completely inaccurate information.

For each calculator, the user is asked for a certain set of inputs. Because the
Choice calculator requires the most inputs, it will be the one reviewed most thoroughly.
First, service members must determine their 15" year situation. Assuming they are close
to this situation, users should be able to determine with a high degree of certainty their
grade and TSP contribution, but they might not know if they will or will not be in a

combat zone.

The next series of questions, based on retirement expectations, is much more
difficult for the user to determine because it requires the user to determine when they will
retire and what grade they will retire in. This is an unknown for many service members
and their decision has not been made. In order to compare the different options, they
must run the calculator many times and then try to compare the differences of each plan.
The decision analysis model simplifies this by producing an expected value based on
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either decision or can produce an expected value based on the probabilities of the

retirement timeline and projected rank.

The Bonus Allocation series of questions is fairly straight-forward, but has its
own set of limitations. Service members should be reminded that they can distribute the
$30,000 bonus over 1 to 5 years, so unless users plan to maximize their TSP investment
(currently $16,500) each year, they should be able to invest all $30,000 into the tax-
deferred TSP. This option, however, is not available to the user in any of the calculators.
They can distribute all $30,000 into the TSP, but the calculator assumption would be that

they do so in year 15 (instead of spreading to years 15, 16, and 17).

Finally, the Economic Factors section takes unknown future events and has the
user make an assessment. These are all stochastic inputs, but the calculator assumes
certainty with each factor, to include inflation rate, annual active duty pay raise, and rate
of return on investment. For the first two factors, the user cannot even choose
percentages equivalent to the most recent pay raises and inflation rate (COLA) increases.
The model can produce results down to 0% for either of these options. Furthermore, a
user has to choose a return on investment that somehow remains valid for 40 years after
retirement. This is an unrealistic expectation, at least in the manner provided by the
calculator. While an 8% return might sound like a realistic expectation, the fact is that as
service members get closer to their final retirement from the workplace, their investments
will in most cases change from a more aggressive long term growth outlook (stocks) to
more conservative and near term income prospects (bonds). Almost all investment

groups including Fidelity, USAA, and Vanguard have lifecycle plans to promote this type
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of investment strategy which matches risk tolerance to age. The Vanguard Group’s
Target Retirement Fund, for example, changes the mix of stocks and bonds as a client
ages. When a client is anywhere up to 25 years from retirement, the mix is 90% stocks to
10% bonds. This begins to change at 25 years from retirement, and at the 15 year point
the mix of assets is 75% stocks and 25% bonds, and by retirement (age 67) the allocation
is 50% stocks, 50% bonds. (Vanguard, Inc., 2011) The calculator does not account for
this, or provide the user with a means to determine what his or her actual rate of return
will be. This is significant considering, “The consensus of investment science is that the
long-term risk equity premium is probably about 4% to 5%.” (Lawrence, 2011) The
calculator does not even allow users to input 4%, even though that would be a much more
realistic return approximation than the absurdly high return of 35% annual return.

Having this option likely promotes users to input unrealistically high rates of return into
the calculators. Even if users wanted to estimate high rates of return for the initial period
of investments, it is unrealistic to expect this to continue into later stages of retirement
when investments will turn from growth producing stocks to income producing bonds as
recommended by the financial institutions previously discussed. Unlike the calculator,
the model allows users to estimate high, average, and low rates of return and quickly

compare the difference in expected value for each option.

OSD Calculator Errors

In addition to some of the potential flaws and limitations of the calculators, there
are also errors in certain inputs with the calculators. One such problem exists when users

choose to enter one of the larger amounts for inflation rate, which in turn affects the
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calculated CPI and COLA for each plan. The calculator actually produces results with an
output showing the Redux plan paying more monthly wages than the High-3 plan after
the “catch-up” at age 62. There is no reasonable explanation for this; it does not match
how the calculators are supposed to work, nor does it follow the financial regulations that
the calculations are based on. The following chart from the calculator is an example of

this:

® Redux Pay High 3 Pay

4

(=]

$2,992] $5,985] $8,978 $11,971

£

me P

4

[=]

$2,992| $5,985| $8,978 $11,971

® Redux Pay High 3 Pay

Assumptions:

15th year of service: 2012 Age at 20 years of service: Thrift Savings Plan: $30000 Inflation Rate: 6.0%

Grade at 15th year of 38 Other Taxable Investment: Annual Active Duty Pay
service: E-6 Years of service at $0 Raise: 3.5%

Combat Zone: No retirement: 20 Spent On Purchases: $0 Tax Rate: 28%

TSP Contribution: 0% Grade at retirement: E-7 ROl on TSP: 8%

ROI on Taxable
Investment: 8%

Figure 10: Faulty Retirement Choice Output
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The chart is a graphic depiction of how Redux pay will actually be higher than the High 3
pay after the 62 year catch-up. This is impossible, of course — according to the financial
regulations previously discussed, Redux increases at a rate of CPI-1%, while the High 3
plan increases according to CPI. The following tables show the discrepancies — the first
Microsoft Excel (2003), calculating the correct amounts of 5% vs. 6% COLA increases,

and to the right the incorrect OSD calculations.
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Figure 11: OSD Calculator Errors
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Comparing the two tables, the discrepancies are clear. The calculator accurately shows
the Redux COLA increase at 5% each year until age 62. It inaccurately (underestimates)
the 6% increase for the High 3 calculator. Inexplicably, by age 54 in this scenario (16
years after retirement) the Redux pay actually passes the High 3 pay. In fact, the age 62
“catch-up” actually reduces Redux pay to the incorrectly calculated levels. As a result, a
service member who expected 6% annual COLA increases (however unrealistic) would
not be correctly comparing the difference in pay. The excel chart has the correct figures
for this calculation. The added problem is that the calculator then produces outputs
which suggest the difference between saving the $30,000 bonus vs. saving the difference
in pay between the two plans is extremely inaccurate. As a cumulative sum, that
difference should always increase, never decrease. But it actually decreases because of
the improper calculations of the High 3 pay. So a service member would conclude that it
is worth close to a $1 million to decide in favor of the Redux plan, when this is simply
not the case. In fact, using the given assumptions and saving the difference between the
correct pay and compounding the interest at 8% annually (again, unrealistic), the correct
total amount is $2.85 million after 40 years of retirement — versus the calculator amount
of just $.07 million! A better model is therefore necessary for service members to better
frame their decision situation and make a better prediction of their outcomes based on

those decisions.

Part 4: Decision Analysis Tools
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Ronald Howard, Stanford professor and one of the first to use the term, explains
that Decision Analysis “specifies the alternatives, information, and preferences of the
decision maker and then finds the logically implied decision.” (Howard, 2009) Decision
Analysis techniques are specifically designed to solve the problem associated with the

decision and set of alternatives and unknowns surrounding it.

In order to properly create a decision model, there are three fundamental steps.
The first is to identify and structure the values and the objectives. The next step is to
structure them into a logical framework, and the third step is to refine and identify the

precise definition of all elements of the model. (Clemen, 2001)

In order to perform the first step, it is important for the analyst to properly
structure the values and identify the objectives. Understanding the objectives is key to
this step. There can be a single overarching objective or several objectives, and different
models can be created and adjusted for either purpose. Examples of objectives can be
business/finance related maximizing profit, minimizing costs, or optimizing efficiencies.
In the case of multiple objectives, there is typically an overarching fundamental
objective. In the relevant model to this decision context, the objective is fairly clear: to
maximize the amount of money earned from a service member’s retirement plan. The
values and different decisions must also be identified in a form which relates back to the
objective. These values and decisions specific to the given model will be discussed

further in Section IlI.

Once the objectives have been identified, it is then the job of the analyst to

structure the decision in a manner that is meaningful to the decision maker or
24



stakeholders. There are several mechanisms to structure the model and different
methodologies behind each. Influence diagrams can be useful to help structure the
problem for future analytical use and also to give a general sense of the problem.

Howard states that the influence diagram “is at once both a formal description of the
problem that can be treated by computers and a representation easily understood by
people in all walks of life and technical proficiency. It thus forms a bridge between
qualitative description and quantitative specification.” (Howard, 2005) Influence
diagrams can show probabilistic independence and also suggest probabilistic dependence.
To clarify, if two entities x and y are probabilistically independent given the state of

information S, then

P{x.yIS} = P{x[S}P{y|S} and P{x|y,S} = P{x|S}
(Howard)

From influence diagrams (or independent of them) the analyst can build
probability or decision trees. The trees are a succession of nodes which represent
probabilities or decisions with branches from each of these nodes. Each branch can then

be represented by the value of the uncertainty or decision. In the following decision tree,
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the primary decision is represented by the square around the number 1, with another

Qutcome 1

Qutcome 2

Qutcome 3

Qutcome 4

Outcome 5

QOutcome 6

Qutcome 7

|:| - Decision O - Uncertainty (external event)

Figure 12: Decision Tree Example

decision around the number 2.The uncertainty nodes are represented by the circles around
the letters. Each possible outcome would then have a different expected value associated
with it. The decision tree is a valuable tool because it displays more details that might be
missed in the influence diagram. In the decision tree, the branches coming from each
decision represent the decisions available, while the branches coming from the
uncertainty nodes represent the possible outcomes of that particular uncertainty. The

consequences (outcomes) are displayed at the end of the final set of branches. (Clemen)

The structure of the decision is a very important part of the model, and several
guidelines must be followed. First, the analyst must ensure that the options from each
decision node are structured in such a way that the decision maker can only choose one
option. Second, the chance nodes of the tree must have a collection of branches that are
both mutually exclusive and collectively exhaustive. Mutually exclusive means that only
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one of the outcomes happens and collectively exhaustive means that all of the possible
outcomes are covered by the branches from that particular node. (Clemen) The decision
tree must also represent all of the different possibilities that the decision maker will face
through the captured time period, including all sequential chances and decisions that must
be made. Finally, the decision tree should, when possible, follow the chronological

sequence of events. (Clemen)

The utility of the decision tree and what makes it a powerful tool to solve even the
most complex decisions is the power to clarify the objectives for the decision maker. By
comparing each of the following outcomes combined with the probabilities along the
way, the analyst can provide the decision maker with the Expected Value (EV), of that
decision. (Clemen) This is done by “rolling back” or “folding back” the decision tree,
starting with the outcomes and calculating the values associated with each chance node or
choosing the highest values for each decision node. By working back through the tree,
the decision maker can see the Expected Value associated with each decision and choose
the highest Expected Value. For the given problem, because the objective is to maximize
total retirement dollars, the Expected Value will be a straight monetary decision. When
there are multiple objectives and decisions that involve more than money, different
measures of objectives can be utilized with the same EV concept. These, however, are

beyond the scope of the given problem.

There are many ways to apply decision trees to any given decision problem.
Instead of the trial and error method of the OSD calculators, a decision tree model can be
constructed to utilize a service member’s preference probabilities for uncertain outcomes
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and help clarify his or her decision. Many advanced software programs can help with the
modeling problem — the chosen software for this model is Palisade’s Precision Tree,
which does the work of the computations for each possible decision and uncertainty and
has the power to quickly calculate the EV of each decision given different user inputs.
The specifics of the model and Precision Tree interface will be discussed in the next
chapter. Although Precision Tree is used in order to interface with the spreadsheet, the
model could also be designed as a stand-alone product; this is beyond the scope of this

research.

28



I11. Methodology

Overview

The purpose of this chapter is to outline the methodology used for the model
development portion of the project. The first section will explore the different inputs for
the model and the rationale behind each input. The next section will explain the structure
of the model, starting with the framework and then explaining the more detailed creation
of the decision. Finally, the calculations behind each of the decision tree components

will be discussed.

Part 1: Model

The inputs for the model are similar to the OSD calculators but there are some
key differences. The key to the model is a direct comparison of Expected Value between
the two alternatives of the primary decision at hand, which is whether to take the Redux
$30K bonus or the traditional High 3 retirement. The question for the decision maker
then becomes a question of their preference probabilities for the next series of unknown
future events. The unknowns are: retirement year (20 to 30 years), retirement rank,
annual inflation, rate of return on investment, taxed vs. tax-free savings, and the savings
decision (i.e., whether or not an individual will save the $30K bonus or save the
difference between the two plans if taking the High 3 plan). For most service members,
these inputs are all stochastic. Some users might already have decided they are going to
retire immediately after 20 years of service and might also know with a high level of

certainty what their rank will be at that time. The model can account for any of these
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“knowns” by applying a 100% probability to the input. The other certainty that users will

have is their age — the one user-defined input that will not have a stochastic measure.

Framework

Now that we have identified the objective and values for the problem, we are
ready to look at the overall framework. The framework is a useful reference prior to the
building the decision tree or the hierarchy because it helps to formulate the problem and
identify any weaknesses or missing characteristics. As a tool for the decision maker it
can help clarify what the analyst is building with the model. For this problem, the

framework identifies the tasks associated with the model and the associated values and

objectives:
- - -
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Figure 13: Model Framework
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The framework establishes the relationship between tasks and also helps to identify the
uncertainties involved in the decision. It serves as the basis for the next step, the

hierarchy and decision tree model.
Hierarchy/Decision Tree Model

The model itself is a decision tree based on the objectives, decisions, and

uncertainties previously discussed. The following is a depiction of the overall hierarchy

of the model:
Hierarchy
Valua = Rslirament
Monetary Flan Dacision

Inflabion —
CRWCOLA

Figure 14: Model Hierarchy

The decision tree is much more detailed and specific. The tree model is excel-
based using Precision Tree. It begins with the initial decision — in this model it is the

only decision to be made — every other node is modeled as an uncertainty. However, if
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the user has already decided that he/she is planning to retire at 20 years of service, then
they can weigh the probability of that particular uncertainty at 100%. The beginning of

the decision tree looks like this:

-|Retirement Pay Decizian

Figure 15: Model Decision Node

There is no user input for the correct decision. In fact, that is the point of the
decision tree. With any given set of inputs, there will be 168 different possible outputs —
the inputs and preference probabilities of the user will determine which of these outputs
outweigh others, and based on those preference probabilities an expected value for both
decisions will be the output of the model. The higher expected value would be the proper
decision for the user. The next several uncertainties are the same for either branch of the
tree. In the tree order, they are the expected number of years of service, high versus low
rank, the expected annual active duty pay raise, and the expected rate of inflation. These
uncertainties exist for both the Redux and the High 3 decision. It should be noted the
model does not allow the high rank/20 year service combination. The node from 20 years
goes immediately to 100% probability of the lower rank. The following section of the
tree shows just the High 3, 25 year node and then all succeeding nodes until the payouts

for that particular section of the tree. The High 3, 30 year looks exactly the same, while
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the 20 year only calculates the lower rank outcomes. The Redux looks the same as the

High 3 to this point.
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Figure 16: Decision Tree High 3 Example

The user chooses the probability of retirement at 20, 25, or 30 years, and then
chooses the probability of attaining a higher rank than the base 20 year rank. In other
words, if an officer expects to be an O-5 at 20 years, he/she might believe with some
probability they will achieve the rank of O-6 at the 25 or 30 year retirement. The inputs
of years of service and expected low rank set the basis for the initial pay. Using the 2011
pay scale, the 20 year base pay is based on the 16+ years of service, the 25 years is based

on 22+ years of service, and 30 years is based on 26+ years of service. This is slightly
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conservative — the true amount according to the finance regulations previously discussed
will be the average of the final 3 years’ pay. However, the difference is negligible and

the importance of the model is not the final amount but a consistent basis of comparison.

The next set of user inputs is the probabilities for the annual pay raise and the
inflation rates. The OSD calculators allow users to choose between 2% - 6% annual pay
raise. The likelihood of 6% annual pay raise is so remote however, that this model limits
the max pay raise to 4%. Users choose a likelihood of the higher (4%) pay raise, and the
2% likelihood is calculated based on that preference. The pay raise is the basis for the
increase in base pay from 2011 until the service member retires at 20, 25, or 30 years of
service. Hopefully service members will realize that the most recent pay raise was
actually less than 2%, and the raise in 2012 does not look like it will be much greater.
The inflation rate calculation is similar — users choose a preference probability for high
(6% annual) versus low (2%). This forms the basis for the annual increase in pay after a
service member retires — it will increase at the inflation rate (CPI) for members who elect

the High 3 option, and increase at CPI-1% for those who elect the Redux.

The Redux (upper) portion of the decision tree does not end with the inflation rate
uncertainty node like the High 3 (lower) portion in the previous table. Instead, the tree
continues through two more uncertainties — first the probability of tax-free
investment/savings of the $30,000 Career Service Bonus, and next the rate of return on
investment of the CSB. For the taxes, users can choose a probability of tax-free versus
28% tax on the bonus. It should be pointed out to service members that the CSB can be

taken in installments, thus if they are not currently investing in or maxing out their TSP,
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they could actually have the $30K tax-free if taken in the two or three year payments.
Another possibility for tax-free investment is if they are going to be deployed to a combat

zone. The model assumption is that the service member does take the lump sum of $30K

during their 15™ year of service.

The uncertainty node for return on investment has three different alternatives —
conservative, moderate, or optimistic. All three options are based on the idea that users
will earn a higher average rate of return earlier in their lives because they will be invested

in growth producing stocks, and a lower rate of return later in their lives as their
investment risk tolerance changes. This corresponds to the discussion in Chapter 11, Part
3 about long term investment strategies and the lack of compatible data from the OSD
calculators. Accordingly, the model calculates rates of return at a higher rate until age

67, then at a lower rate from 67 until 77. The following chart shows the model

assumptions:

Investment Preference To age 67 Ages 67-77
Conservative 6% 3%
Moderate 8% 4%
Optimistic 10% 5%

The tree has the corresponding branches to the outcomes of the Redux side of the
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This is just one small section of the Redux. Because of the two additional chance nodes
(one which has 3 options), there are far more possible outcomes following the Redux
uncertainty. Under the High 3, there are 24 possible outcomes, while the Redux produces
144 different possible outcomes, for a total of 168 possible outcomes. The Precision Tree
model is designed to calculate all 168 outcomes, and then works backward through the
tree based on the user’s preference probabilities to calculate the expected value at each
uncertainty and to ultimately determine the two final expected values at the decision
node. In order to calculate all 168 outcomes simultaneously based on user inputs, the
Precision Tree model in excel references another spreadsheet in excel which contains all
of the calculations based on the user inputs of age at service year 15 and expected low
and high ranks. Those inputs are enough to perform all of the spreadsheet calculations.
The additional inputs for all of the preference probabilities go directly into the Precision

Tree model itself.

Part 2: Spreadsheet / Precision Tree Calculations

In order to accurately calculate 168 outcomes simultaneously, the model must be
capable of taking basic inputs and then calculating many different potential outputs. For
ease of understanding and to ensure the correct logic at each step, the spreadsheet

calculates in steps. We start with the math behind just the High 3 retirement calculations.

High 3
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The basis for the High 3 calculation is the average base pay for the last three years
of service multiplied by a factor of 2.5% per year of service. So at 20 years, it would be
50% of base pay, at 25 years it is 62.5%, and at 70 years it is 75%. For the spreadsheet,

we let

x = retired rank base pay, 2011 pay scales (16+ for 20 yrs, 22+ for 25, 26+ for 30)
pr = Active Duty Pay Raise

n = years of service at retirement

Then:
RPy (Retirement Pay High 3) = .025*n*(x*(1+pr)"*)

The initial part of the formula, .025*n, determines the multiplier for the base pay. The
second half of the formula uses the initial value (x) and then multiplies it by the
compound amount factor (1+pr)"™*°. (de Neufville, 1990) This formula allows multiple
simultaneous calculations; the only user input is the expected low and high retirement

rank.

The next step is to calculate the cumulative pay by age 77. To calculate, we use the
Capital Recovery Formula to define a stream of constant payments (RPy). The value of a

future sum is:
S=YR@+)'=R[@L+)N=1]/r

Where S is the cumulative total, R is the initial constant payment, N is the number of
payments (years) and r in this case is the inflation rate. (de Neufville) Applying this

value to the model, we have:
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Cumulative total at 77 = 12* RPy*[(1+r) & C 1)1/

where r = inflation rate, a = age at 15 years service. Because RP is the monthly pay, we
multiply by 12 for annual pay because the second half of the calculation for the capital
recovery formula is based on annual increases and payments. The value for the power of
N = (78-(a+n-15) is just a means to calculate the value based only on the user input of
age at service year 15. The spreadsheet is designed to only require the high and low rank
and age at year 15 to calculate all 24 possible outcomes. These outcomes are all
calculated simultaneously and then linked to the Precision Tree model for the decision

tree calculations (discussed later).
Redux

Similar to the High 3 calculations, the Redux calculation begins with the base pay at
retirement. The same methodology is used to simulate the average of the last three years
of service. This produces an outcome which provides a direct comparison to the High 3
calculation. The difference in the Redux is the fact that the multiplier is 2%/year for the
first 20 years, and then 3.5%/year for the next 10 years of service. So at 20 years of
service, the multiplier is 40%, at 25 years it is .575, and at 30 years it matches the .75

multiplier of the High 3 formula. To account for this, the model formula is:
RPg (Retirement Pay Redux) = (.4+.035(n-20))*(x*(1+pr)" ™)

This calculation is essentially the same as the High 3 —it just allows for the multiplier to
be .4 at 20 years of service and then increases by 3.5%/year of service. The second part

of the formula is the compound amount factor used in the High 3 calculation.
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Because the Redux pay scale “catches up” at age 62, there are a few more
required calculations. First, we must calculate the cumulative total paid to the service

member by age 61. To do this, we use the same formula from the High 3:
Cumulative total at 61 = 12* RPg*[(1+r-.01)%* " 1).1]/r

This will be used to add to the pay from years 62-77 because the base pay changes at year
62. Next is to calculate the new base pay at year 62. This pay at age 62 equals the exact
base pay at age 62 if the service member had opted for the High 3 retirement. So we use

the formula:
RP62 - RPH*(1+r)(G3-(a+n-15))

This takes the base pay calculation from the High 3 calculator and then applies for the
compound amount factor to account for the annual increase in retirement pay due to
inflation rate (r). We do not use r-.01 for this calculation because the proper amount is
equal to the High 3, which equals inflation rate/CPI. This number is now the basis for the
remaining total to age 77. So the total at age 77 is the sum at age 61 and the total from

62-77:
Cumulative total at 77 = Total at 61 + (12* RPg*[(1+r-.01)*®-1]/(r-.01))

Again this is similar to the High 3 and uses the catch-up pay at age 62, then adjusts to

CPI1-1% until age 77.

The next step is to calculate the value of investing the $30,0000 CSB. The key

assumption is that the service member will save and invest all the bonus pay; the only
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preference probabilities for the user are the probability of investing tax free and the
investment outlook (conservative, moderate, or optimistic). Based on previous analysis,
the investment rate of return changes at age 67. To account for this, the model first
calculates the total accumulated from the time of the bonus at service year 15 until the

service member reaches the age of 67:

BVe;=Value of $30K at age 67 = (30000-(30000*tr)*((1+rr)®"?)
tr = tax rate (either O for tax free or .28 for 28% tax)
rry = Initial rate of return (to age 67). Cons =.06, Mod =.08, Opt =.1
rr, = Secondary rate of return (67-77). Cons = .03, Mod =.04, Opt = .05

This value then becomes the new base value to calculate to age 77. The formula is:

BV;;=Value of $30K at age 77 = BV *((1+r12)?)
The total value of each outcome is just the sum of the cumulative retirement pay under
the Redux plan plus the total amount of the $30K bonus invested until the age of 77. All
of the numbers used are pre-tax for consistency, although the model could be easily
modified to calculate after-tax values as well. For the Redux values, there are 144
different possible outcomes (for a total of 168). These possible outcomes are calculated

and linked to the Precision Tree model.

Summary

While the spreadsheet calculations provide a great deal of information
simultaneously, they do not provide the service member with much more information
than what is provided by the OSD calculators. The true advantage and value of the

model is to take a user’s preference probabilities and calculate the expected value of each
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decision by going backwards through the decision tree as explained in Part 1 of this
chapter. The next Chapter will step through two different example scenarios to show
how the combination of the spreadsheet calculations and decision tree model can help

service members make the right decision based on their preference probabilities.
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IV. Example Scenarios

Scenario 1: Major Wright

Major Wright is reaching his 15" year of service in 2011. He is 37 years old and
will be 42 at the time of his potential 20 year retirement in 2016. He is trying to
determine the best financial decision: should he take the $30K bonus and the Redux
retirement or should he elect the traditional High 3 retirement? In order to reach his

decision, he needs to determine his preference probabilities for the following questions:

1. What does he expect his low and high retirement ranks to be (if he stays in past
20 years)? Answer: Maj Wright is already an O-5 select so he expects that at the 20 year
point he will be an O-5. As an IDE in-residence graduate, he knows that he has a 20%
chance to make O-6 if he stays in to 25 or 30 years. So his answer is 80% O-5 and 20%
0-6. The model takes into account that if he stays in only until 20 years, he has a 100%

probability of retiring at the lower (O-5) rank.

2. What is his probable retirement timeline — what are his preference
probabilities to retire at 20, 25, or 30 years? Answer: He is planning on retiring at 20
years but there is a chance he stays in, depending on job outlook and career progression.
He thinks there is a 70% chance that he retires at 20 years, a 20% chance of retiring

around 25 years, and a 10% chance he stays in until 30 years.

3. What does he think the average annual active duty pay raise will be over the
next several years (until he retires) — low (2%) vs. high (4%)? Answer: Maj Wright

follows the news and is aware that the most recent pay raise was less than 2%. He does
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not expect dramatic rise in pay, so his preference probability for this uncertainty is 90%

for the lower (2%) rise in pay.

4. What does he expect the average annual inflation rate will be over his lifetime
— low (2%) vs. high (6%)? Answer: Maj Wright knows that the CPI (the value used for
retirement pay increase) averaged 2.35% from 2001 to 2010. He also knows that for the
past two years there has been no increase in CPI (no retiree pay raise at all), and that the
Congressional Budget Office estimates that from 2012-2015 the CPI is expected to be
1.6%, and only up to 1.9% from 2016-2019. Even though he knows that there is a
possibility of inflation, he would rather use more conservative numbers and has an 80%

preference for the low inflation rate over his lifetime.

5. If he elects the $30K bonus, what is the probability that he will be able to
invest it tax free (either serving in combat zone or TSP investment)? Answer: He is not
in a combat zone right now, in fact he is at the Air Staff and it is unlikely that he will
deploy or be deployed long enough to invest the bonus tax-free. He already maxes out
his TSP, so he does not want to take credit for any tax advantage that the TSP could
provide (because he is already receiving the advantage without the bonus). So his

preference probability is a 100% chance of a 28% tax on the bonus.

6. If he elects the $30K bonus (and assuming he invests all of it), what is his
investment outlook — conservative, moderate, or aggressive/optimistic? Answer: He is
conservative by nature and does not want to be overly optimistic with the gains he will
achieve from the bonus (does not want to sway his decision with a faulty investment

assumption or preference). He thinks it is most likely that he will achieve the
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conservative rate of return of 6% until the age of 67 and 3% after the age of 67 — he gives
this an 80% probability. He gives a 20% probability of the moderate rate of return of 8%
until age 67 and 4% until age 77. He gives the more optimistic/aggressive rate of return a

0% probability.

In order to calculate the expected value of either decision, the basic inputs of the
model are put into the spreadsheet. These inputs are low and high rank (O-5, O-6) and
his age at service year 15, which is 37. All combinations of possible outputs are then
computed by the excel spreadsheet model using the formulas explained in Chapter 3.

The following High 3 outcomes (highlighted) are calculated based on his inputs:

High 3 Calculations/Outcomes A= Years of serace (A1 = 20 42 =25 A3=30)
B= Acitve duly pay rasse, B1=4% E2=2%
C= Inflstion [C1=5%, C2=2%)

Inputs Chutparts High 3
Age at yr 15 7 Base Pay
Low Rank 05 20 25 30 it Ftnemans Cumalathes Pag a0 T7
TEALTD] B831330] 8313 30|A181C1 34 548 36544 143
LATEIC2 34 a8 32,500 063
LATERCT 54218 36 009 556
LATB2C2 54218 52631 73
AZR1CT 37 B3 37 B26 589
LAZB1C2 §7 o9 $3.911 320
A2E2CT $6 534 45 445 256
AZHICT $6 304 33,221 007
A3B1C1 $11.229 37 971089
A3B1C2 $11.29 34 537 032
LAFEZ2CT 38 331 5,956 598
1 LAIBAC2 38 331 33 T
High Rank | o6 |
Base Pay
20 25 30 ety Btremagent | Cumelatios Pag w2 77
1] 9 465 60| 10,187 _7olAaiB1Cl 50 k0
ATE1C2 50 0
LATB2CT £0 E0
ATEZC2 50 §0
1 La2B1Cc1 $8 757 $8.511 427
A2B1C2 $8 757 34 453 465
A2E2CT §7 212 $7.338 240
AJFAC2 57 12 33 667 68
A3B1CT £13 761 $5.768 331
LA3B1C2 $13 761 $5.550 964
AJE2CT $10,263 $7 300 000
AJEIC $10 253 34,155 048

Figure 18: Spreadsheet Outcomes (High 3)
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A= Years of service (A1 =20, A2 =25 A3=30)
B = Acitve duty pay raise, B1=4%, B2=2%

C = Inflation (C1=6%, C2=2%)
0 = Taxes on 530K (D1 = Tax free, DZ = 23%)
E = Investment Return (E1 = cons, E2 = mod, E3 = opt)

Lo Rank 05 High Rank 06
Initial Retirement |Curmulative at 61 |Pay at B2 | Cumulative st 77 | $30K Acoum 67 | $30K Aecum 77|77 +30IK Initial Fietirement |Cumulative at 61 |Pay at 62 | Cumulative at 77 | $30K Accum 67| $30K Accum 77|77 +530IK
A1B1C1DM $3.718 1475442 $15,501| $5.961.274 $172308) $231563) §61592837 |AIBICIDI 30 $0 30 $0 $172,305) $231563 $231 563
A1B1C1DN $3.718 $1.475442)  §15,801| $5961 274 $301,800) %$446056) $6408,128 |A1IBICIDI 50 0 50 §0 $301,880| %446 556 $44E 556
A1B1C1DN $3.718 $1.475442)  $15,501] $5.961.274 $523.482| $852897 $6813.971 [AIBICIDI $0 0 30 $0 $623 452 $E52 BIT $852 BE7
A1B1C103 $3.718 $1.475442)  §15,501| $5.961.274 $124058) $166.7256) $E127.598 |A1B1C10Y 30 $0 30 $0 $124059) $166,725 $166,725
A1B1C103 $3.718 $1.475442)  §15,501] $5.961.274 $217 353) $321736| 62683010 |A1B1C1DY 50 0 50 §0 $217 353 $31.736 §321.736
ATB1C104 §3,718 1475442 515.801] %5961 274 $376.907| §B13.942( $E575215 [A1B1C1D3 $0 0 30 $0 $376.907) §613942 $613 942
A1B1CZ20M $3.718 $962 514 §7.045| §2.441 469 $172308) $2315663) $2673032 |AIB1C2DM 30 $0 30 $0 $172,305) $231563 $231 563
A1B1CZ0M $3.718 $962 514 §7,045| §2 441 469 $301,880|) %$446856) §2 5888324 |A1IBIC2D1 50 0 50 §0 $301,880| %446 556 $44E 556
ATB1CZDT §3,718 $962.514 $7.045( §2.441 469 $523,482| §B52F97( $3 294166 |ATB1C2D1 $0 0 30 $0 $523.452) §552 BS7 $852 BE7
A1B1C203 $3.718 $962 514 §7.045( §2.441.469 $124.058| §166,725( $2608,194 |[A1B1C203 30 $0 30 $0 $124058) $166725 $166,725
A1B1C209 $3.718 $962 514 §7,045| §2 441 469 $217 353) $321736| $2 763208 |A1B1C20Y 50 0 50 §0 $217 353 $31.736 §321.736
A1B1C204 $3.718 $9B62 514 §7.045| §2 441 469 $376,907) $613942) §3055410 |AIB1C203 $0 0 30 $0 $376.907) §613942 $613 942
A1B2C101 $3.374 $1,3358.925) $14,333| $5.400.700 $172,305] $231563) $5641.264 |[A1B2C1D1 30 $0 30 $0 $172,306) $231563 $231 563
A1B2C1D1 $3.374 $1335.526) $14,333| $5.408.700 $301,880) %$446.856) $68066568 |A1IB2CID1 50 0 50 §0 $301,880| %446 556 $44E 556
A1B2C1DM $3.374 $1,338.925) $14,339| $5,400.700 $523.402) $052097| $6.262398 |AIB2CID1 $0 0 30 $0 $523.452) §552 BS7 $852 BE7
A1B2C103 $3.374 $1338.5925) $14,333| $5.409.700 $124059] $166,/725( $55/64268 |[A1B2C1D03 30 $0 30 $0 $124058) $166725 $166,725
A1B2C103 $3.374 $1335.925) $14,333| $5.4008.700 $217 353) $321736| 6731437 |A1B2C104 50 0 50 §0 $217 353 $31.736 §321.736
A1B2C103 $3.374 $1,3355926) $14,333| $5.4098.700 $376,907) $513942) 6023642 |ATB2C10D3 $0 0 30 $0 $376.907) §613942 $613 942
ATB2C201 $3,374 $891 506 $6,393( §2.215 569 $172305| $231 563 §2.447 132 |[A1B2C201 30 $0 30 $0 $172,305) $231563 $231 563
A1B2C20 $3.374 $891 606 $6,393| $2.216 569 $301,880) %$446.866) $26624258 |AIB2C2D1 50 0 50 §0 $301,880| %446 556 $44E 556
A1B2CZ01 $3.374 $891 606 $6,393| $2,215 569 $523 452) $852RS7| 30682668 |AIB2C2D1 $0 0 30 $0 $523.452) §552 BS7 $852 BE7
ATB2C204 §3,374 $5891 606 $6,393( §2,215 569 $124059| §166,/725( §2382295 |A1B2C203 30 $0 30 $0 $124059) $166,725 $166,725
A1B2C203 $3.374 $891 606 $6,393( $2.215 569 $217 353 $321736[ $2537,305 |[A1B2C204 50 0 50 §0 $217 353 $321.736 §321.736
A1B2C209 $3.374 $891 606 $6,393| $2,216 569 $376907) $513942) §2828 511 |AIB2C203 $0 0 30 $0 $376.907) §613942 $613 942
AZB1C1IN §7.076 $1,832,224) $19,538| §7 376872 $172306) $231563) §7 610435 |AZBICIDI $5,057 $2,086,157) §22245| $5.401,652 $172,305) $231563] $5.633215
A2B1C1D1 §7.076 $1.832.224) $19,538| §7 376872 $301.850| $446856( §7 825728 |AZBICIDI $8.057 F2,086,187 | $222458| %8401 852 $301,550| %446 856 §3,848 508
A2B1C1IN §7.076 $1.832.224) $19,538| $7 376872 $623.482) $062RS7| §E.231668 |AIZBICIDI $5,057 $2.086,157) $22.246| $5.401,652 $523.452) 552057 §9.254 349
A2B1C103 §7.076 $1,832,224) $19,538| $7,376.872 $124059) $166,725) §7 545598 |AZBIC10D3 $5,057 $2,086,157) §22245| $5.401,652 $124059) $166,725 §5,568 377
A2B1C104 §7.076 $1.832.224) $19,538| §7 376872 $217 353 $321736[ $7 700608 |[AZB1C1D3 $8.057 F2,086,187 | $222458| %8401 852 217,353 $321736 §8.723 388
A2B1C109 §7.076 $1.832.224) $19,538| $7 376872 $376907) $513942) §7 952814 |AZBI1C1DY $5,057 $2.086,157) $22.246| $5.401,652 $376.907) 613942 $9.015594
A2B1CZIN §7.076 $1,366,7768| $10,558| %3563 321 $172308) $231563) §3784854 |AIB1C2D9 $5,057 $1,556,226)  $12,022| $4,045.544 $172,305) $231563 $4.277 407
AZB1C2D1 57 076 $1,366,778| $10,558| %3553 321 $301,880| $446856( 4000176 [AZB1C20D1 $8.057 F1,556,226|  $12,022| 540453844 $301,550| %446 856 §4,492 599
A2B1C20M §7.076 $1.366,7768) $10,558| %3553 321 $523.482) $062RS7) $4406018 |AZB1C2D1 $5,057 $1.556,226)  $12,022| $4.045.544 $523.452) 552657 §4.595 541
AZB1C203 §7.076 $1,366,7/768) $10,558| %3553 321 $124058) $166,725) $3 720048 |AZB1C203 $5,057 $1,556,226)  $12,022| $4,045.544 $124059) $166,725) $4 212569
AZB1CZ0DA 7076 $1,366,778]  $10,558| %3,553 321 $217 353 §321 7396 3875057 |AZB1C204 $8.057 F1,556,226|  $12,022| 540453844 217,353 %321 736 4,367 580
A2B1C203 §7.076 $1.366,776) $10,558| %3553 321 $376.907| $613942( %4167 263 |AZB1C203 $5,057 $1.556,226)  $12,022| $4.045.544 $376.907) 613942 $4.659.786
A2B2C1D1 $5.827 $1,508,853)  $16,090| $6,076 567 $172306) $231563) §6308130 |AIB2C1D9 $6 535 1,717,993 $18,320| $6915,536 $172,305) $231563[ §7,150.399
AZB2C1D1 $5.827 $1,508,853) §16,090| $6,076 567 $301,800) %$4460856) $6523423 |AZB2C1D1 $6.635 §1,717.993|  §18,320| $63918,836 $301,880| %446 856) §7 365691
A2B2C101 $5.827 $1.505,853)  $16,090| $6,076 567 $623.452| $852097( §6 929264 |AZB2CI1DM $6 635 $1.717.993)  $18,320| $6.915.536 $623.452) $852BS7| §7.F71533
A2B2C109 $5.827 $1,508,853) $16,090| $6,076 567 $124058) $166,726) $6243293 |AZB2C103 $6 535 1,717,993 $18,320| $6915,536 $124,059) $166,725] §7 085561
AZB2C10Q $5.827 $1,508,0853) $16,090| $6,076 567 $217353] $321736| $6,398,303 |A2B2C103 $6.635 §1,717.993|  §18,320| $63918,836 $217.,353| $3 736 W 240572
A2B2C104 §5.827 $1,508,853)  $16,090| $6,076 567 $376.907| $6135942( $BGS0,502 |AZB2C1D3 $6 635 $1.717.993)  $18,320| $6.915.536 $376.907) 613942 §7.532777
A2B2CZM $5.827 $1.125.854 $5.695| §2.926 181 $172308) $231563) $3167.786 |AJB2C2D9 $6 535 §1.261 566 $9,900] $3331.789 $172,305) $231563 §3,563 352
AZB2C2D1 $5.827 $1,125,554 $8.695| $2,926 181 $301,880) %$446856) §3.373047 |AZB2C2D1 $6.635 §1,281 566 $9.900| $3331.789 $301,880| %446 856 3770644
AZB2C2DN §5,827 $1,125 554 $8.635] §2.926.191 $523.452| §852R97| $3778.883 |AZB2C20D1 $6 635 §1.261 566 $9.,900] $3.331.789 $523.452) §$5526S7( §4.1584 486
A2B2C203 $5.827 $1.125,554 $5.695| 2,926 181 $124058) $166.7256) $3082817 |AZB2C203 $6 535 §1.261 566 $9,900] $3331.789 $124059) $166,725) §3.498514
AZB2C200 $5.827 $1,125,554 $5,695| $2.926 181 $217 353) $321736| §3247 528 | A2B2C203 $6.635 §1,281 566 $9.900| $3331.789 217,353 %321 736 §3BE53 525
A2B2C204 §5,827 $1,125 554 $8.635] §2.926.191 $376.907| §613,942( $3540,133 |AZB2C203 $6 635 §1.261 566 $9.,900] $3.331.789 $376.907) 613942 $3.945730
A3BTC1DN $11.228 $1694821)  $21,316] $7.746.130 $172308) $2315663) §7 577893 |A3IBICIDI $13.761 2076953  §26,122| $9.492 650 $172,305) $231563[ 9724213
A3B1C1D1 $11,228 $1,694 821 $21,316| %7746 130 $301,880) %$446856) $8152886 |A3BICIDI $13,761 F2076953]  §26,122| §9.492 650 $301,880| %446 856 §9,939 505
A3JB1C1DN $11,229 1694821 §21316| $7.746.130 $523,482| §B52F97| 8598827 |A3ZBICIDI $13.761 2076953  $26,122| $9.492 650 $523.452) $552 657 | §10,345 347
A3BTC103 $11.228 $1694821)  $21,316| $7.746,130 $124.058| §166,725( §7 912855 |[A3B1C1DY $13.761 2076953  §26,122| $9.492 650 $124059) $166,725) $9,659375
A3B1C10A $11,228 $1,694 821 $21,316] %7746 130 $217 353) $321736| $B8067 866 |A3B1C103 $13,761 F2076953]  §26,122| §9.492 650 217,353 $321736 §9.814 366
A3JB1C103 $11,229 $1,694821)  §21,316| $7,746,130 $76907) $613942) $B.360071 |A3B1C1DE $13.761 2076953  $26,122| $9.492 650 $376.907) $513,942( $10,106 591
AJBTCZ01 $11.229 $1.409,742)  §$13,962| $4.301.121 $172,305| $231563) $45326584 |[A3IB1C2D1 $13.761 $1,727 596 $17,110] $5270,594 $172,305) $231563 $5,502 4558
A3B1CZ01 $11.228 $1.409,742)  §$13,962| $4.301121 $301,880) %$446.856) $4.747 5768 |A3BIC2D1 $13,761 1,727 596 §17,110] $5.270,894 $301,880| %446 856 §5.717 750
AJB1CZDN $11,229 $1,409,742)  §$13,962| $4,301121 $523.402) $052097) $5153818 |A3B1C2D1 $13.761 1,727,596 $17.110| $5.270,594 $623.452) §852BS7( §6,123592
A3B1C204 $11.229 $1.409.742)  §13,962| $4.301.121 $124059] $166,/725( $4 467 846 |[A3B1C203 $13.761 $1,727 596 $17,110] $5270,594 $124059) $166,725) $5437 520
A3B1C202 $11.228 $1.409.742)  §13,962| $4.301121 $217 353) $321736| $4622 857 |A3B1C203 $13,761 1,727 596 §17,110] $5.270,894 $217,353| %321 736) §5.592E631
A3JB1C203 $11,228 $1,409,742)  §13,962| $4,301 121 $376,907) $513942) $4 915063 |AZB1C203 $13.761 1,727,596 $17.110| $5.270,594 $376.907) $613942( $5.554536
A3B2C1D1 $3,391 $1,266,562|  $15929| $5.788.783 $172305| $231 563 6020346 [A3IB2C1D1 $10,253 $1.552,134)  $19,521| $7,093,350 $172,305) $231563[ §7,325543
A3B2C101 $5,391 $1.266,062)  $15,529| $5.755.7683 $301,880) %$446866| $6.235838 |A3B2C1D1 $10,283 1,552,134 §19.521| %7 093,980 $301,880| %446 856 §7 540835
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Figure 19: Spreadsheet Outcomes (Redux)



The spreadsheet details all of the possible outcomes for Maj Wright based on his age and
rank inputs. These outcomes then go into the decision tree model to calculate the
expected values. There are more inputs specific to the decision tree model; these inputs

are Maj Wright’s preference probabilities previously discussed in this section:

Inputs
Retirement timeline 20yr 25yr 30 yr
0.7 0.2 0.1
Rank High Low
0.2 0.8
Active Duty Pay Increase 4% 2%
0.1 0.9
Inflation Rate 6% 2%
0.2 0.8
30K Bonus Taxes Tax Free 28% Tax
0 1
30K Bonus Investment Cons (6%/3%) Mod (8%/4%) Optimistic (10%/5%)
0.8 0.2 0

Figure 20: Preference Probability Inputs

First we look at the impact of the combination of outcomes and preference
probabilities for the High 3 decision. Because of the relative size of the tree we will only

follow a few sections to explain the operation of the model.

Retirement Rank
H053175.539
00032
T826589.433
High annual increase (4%
0.0123
311319842
Active Duty Pay Raise
FET10.311
00253
645266462
Loy annual increase (2%
01152
3221006905

Figure 21: Scenario Decision Tree (High 3 Outcomes)
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There are two numbers in the far right column. The set of top numbers are the
probabilities of that particular outcome. For example, the probability of Maj Wright
retiring at 25 years (20%) as an O-5 (80%) with a high annual increase in pay (10%) and
a high CPI after retirement (20%) is .32%; .2*.8*.1*.2 = .0032. The number below is the
outcome if all of those variables were 100% true — so if all of that came true, his
cumulative retirement pay at age 77 would be $7.83M; this number comes directly from
the outcomes calculated in the spreadsheet. Moving backward through the tree is the
expected value of the inflation node — $4.69M. This is the weighted expected value from
the preference probabilities for inflation only — so for Maj Wright it is 20% $7.83M and
80% $3.91M. The simple math then is .2*$7.83 + .8*$3.91 = $4.69M. The tree
continues to work backwards in this manner, calculating new expected values based on

the local weights at each node. Ultimately the High 3 expected value is given:

TRUE irement Timeline

LHigh 3 Traditional
0 IHTAD 35053

Figure 22: Scenario Decision Tree (High 3 Decision)

Simultaneously the expected values for the Redux option are calculated. The Redux
calculations are similar but include the preference probabilities for the taxable amount of
the bonus and the rate of return on investment. The Precision Tree model, after
determining the correct decision, places a 0 in place of the global probabilities. Because
the Redux does not have the higher expected value (as we will see), the probabilities for

the Redux outcomes are 0. The local expected values are still calculated and shown:
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TE10435 3 To10435.321
Investment Outlook
T653493.832

Wiocerste 20.0% 5‘ 0

T823727 876 T325T21.876

0.0% :‘ i

3231569 293 $231569.293

Cptimistic

Tax Free?
T5TG509. 765

[ o)

;
7545597 638 T5455097.638
Investment Outlook
TSTGH99. TGS
Wioderate 20.0% ﬂ‘ 0

FT00E0S 277 TT00608.277

0.0% * i

7992514097 TH92814.097

Ciptimistic

Inflation
4516158.598

Figure 23: Scenario Decision Tree (Redux Outcomes)

An interesting note is the 100% probability that Maj Wright has for tax free investment —
so the value of the investment outlook under 28% tax is the same as the next value
working through the tree backwards -- $7.57M. The tree continues to work backward

until the expected value for the Redux decision is calculated:

irement Timelin
JIG6 64025

A0k Recux:

Figure 24: Scenario Decision Tree (Redux Decision)
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So for Maj Wright, the expected value of the Redux decision is $3.36M. The model also
makes the decision clear -- “FALSE” indicates this is not the correct decision — the
“TRUE” following the High 3 branch indicates the correct decision. The value is easy to
calculate — simply the difference between the two decisions, $3.57M - $3.37M = $.2M.
A full analysis for Maj Wright could show the sensitivity of some of his preferences — for
example, if he could invest the bonus tax free, would that change his decision, and if so,
at what preference probability would the decision change. This type of sensitivity

analysis will be discussed in the next section.

Scenario 2:

Technical Sergeant Smith is 33 years old and is also at his 15 year decision point.
He expects to make MSgt within the next two years and hopes that he will someday be
promoted to Senior Master Sergeant. Again, these are the inputs for the spreadsheet
previously discussed for Maj Wright. TSgt Smith’s preference probabilities are as

follows:

1. Retirement Rank: 70% MSgt, 30% SMSgt

2. Retirement timeline: 50% 20 years, 50% 25 years, 0% 30 years

3. Annual active duty pay raise: 80% low, 20% high

4. Expected Inflation rate: 70% low, 30% high

5. Tax free savings: 50% tax free, 50% taxed at 28%
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6. Investment outlook: 80% conservative, 20% moderate

The model calculates a new set of 168 outcomes given TSgt Smith’s inputs of retiring as
a MSgt or SMSgt and his age of 33 at the 15 year service point. These new outcomes are
fed into the decision tree. The tree is updated with TSgt Smith’s preference probabilities,
and the final expected values are $2.85M for the Redux, and $2.80M for High 3. In other
words, given his inputs and preference probabilities, TSgt Smith will make $50,000 more
under the Redux plan, so unlike Maj Wright, TSgt Smith would be better to take the
$30K bonus as long as he plans to save/invest the entire amount in accordance with the

model assumption.

Part 2: Sensitivity Analysis

The purpose of sensitivity analysis is to provide the user with additional
information regarding the decision. Sometimes, key factors can be identified which
provide more of an impact on the decision, and therefore more attention should be paid to
them or more resources devoted to determine the most accurate likelihood. Also, strictly
following the expected value for a decision might not always be the correct answer. If
one of the answers includes a very low probability of a very high value outcome, it might
have a higher overall expected value, but will not yield as consistent results as the other
option. For these reasons and more it is always best to conduct sensitivity analysis on the

primary decision.

Technical Sergeant Smith
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We begin with an analysis of TSgt Smith’s results because there was only a $10K
difference between the two the expected values. First we look at the impact of changing

his preference probabilities for each of the uncertainties on the overall expected value.

Branches of Node Decision vs. High Rank

2850000
2800000
2750000
2700000
2650000
2600000 +
2550000 4

[
2500000 f f : .
0 0.2 0.4 0.6 0.8 1

High Rank

—o— 1 : 30K Redux
—=&— 2 : High 3 Traditional

Expected Value

Figure 25: Enlisted Sensitivity to Rank

Branches of Node Decision vs. High (4%) Active Duty Pay Increase

2950000
2900000 +
2850000
2800000
2750000 +
2700000
2650000
2600000
2550000
2500000

—o— 1 : 30K Redux
—&— 2 : High 3 Traditional

Expected Value

0 0.2 0.4 0.6 0.8 1
High (4%) Active Duty Pay Increase

Figure 26: Enlisted Sensitivity to Pay Increase
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Branches of Node Decision vs. High (6%) Inflation

4500000

4000000 +

3500000

—— 1 : 30K Redux

3000000 1 ) .
—=— 2 : High 3 Traditional

Expected Value

2500000

2000000 g

1500000 t t t f
0 0.2 0.4 0.6 0.8 1

High (6%) Inflation

Figure 27: Enlisted Sensitivity to Inflation

The sensitivity analysis for the above uncertainties are all similar — as the likelihoods for
higher rank, high annual active duty pay raise, and high inflation increase, the expected
values all increase. Additionally, the decision with the resulting higher expected value
also changes from Redux to High 3 at different points as can be seen in the charts. For
example, in Figure 27, we can see that as TSgt Smith’s preference probability for high
inflation increases, the expected value increases as well regardless of the decision he
makes. However, if he is interested in maximizing the EV, then at approximately 50%
preference for higher inflation, his proper retirement plan decision changes from Redux
to the High 3 plan. In reality, for an economic factor like inflation TSgt Smith is
probably not going to receive any new information that would cause him to change his
preference probability. For a factor like tax-free investment, however, it is very possible
that he could receive new information (like a deployment to a combat zone) that could
certainly change his likelihood (Figure28). The power of the sensitivity analysis is to

show the user at what point the proper decision would change based on new information.
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Branches of Node Decision vs. Tax Free Bonus

2670000
2660000 T
2650000 +
2640000 T+
2630000 + —— 1 : 30K Redux
2620000 T —=— 2 : High 3 Traditional
2610000 &
2600000 +
2590000 T
2580000 - t t } }
0 0.2 0.4 0.6 0.8 1

Expected Value

Tax Free Bonus

Figure 28: Enlisted Sensitivty to Tax Free Bonus

The tax on the bonus uncertainty is slightly different than the economic factors
previously discussed. As shown above, the expected value does not change for High 3.
The analysis shows how if the bonus is taxed and all other uncertainties remain constant
according to TSgt Smith’s preference probabilities, then the High 3 is the correct decision
(higher EV). At approximately 40% probability of tax free, the decision changes to

Redux.

Branches of Node Decision vs. 20 Year Retirement

2850000
2800000 &
2750000
2700000
2650000
2600000
2550000 +
2500000
2450000
2400000 +
2350000

—— 1 : 30K Redux
—&— 2 : High 3 Traditional

Expected Value

0 0.2 0.4 0.6 0.8 1

20 Year Retirement

Figure 29: Enlisted Sensitivity to Retirement Timeline
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The above uncertainty for retirement timeline only varies the choice between 0%
probability of 20 year retirement and 100% probability of 25 year retirement to 100%
probability of 20 year retirement and 0% probability of 25 year. EV decreases as the
probability of a 20 year retirement increases, and the decision changes to High 3 the more
likely it is that TSgt retires at 20 years. So if TSgt Smith becomes more certain that he
will retire at 20 years (60% or higher), then his higher EV decision changes to the High 3

plan.

Branches of Node Decision vs. Conservative Investment Outlook

2850000 p
2800000

2750000 +

—— 1 : 30K Redux

2700000 T ) .
—=®— 2 : High 3 Traditional

Expected Value

2650000

2600000

2550000 f f f f
0 0.2 0.4 0.6 0.8 1

Conservative Investment Outlook

Figure 30: Enlisted Sensitivity to Investment Outlook

The above chart compares conservative vs. moderate investment outlook. As TSgt’s
preference for a conservative rate of return increases, the EV for the Redux plan
decreases while the High 3 plan remains unchanged. Just past his preference probability

of 80%, the High 3 plan produces the higher expected value.

A tornado diagram is helpful in depicting which of the uncertainties have the

largest impact on the expected value and the overall decision and which uncertainties are
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relatively negligible. The first tornado diagram compares the uncertainties to the

resultant EV:

Tornado Diagram for Expected Value

High (4%) Active Duty Pay Increas
High Ran

Conservative Inve:stment Outlook

Tax Free Bonus i i i
| | | |

-40.0% -20.0% 0.0% 20.0% 40.0% 60.0% 80.0%

% Change from Base Value

Figure 31: Enlisted Tornado Diagram for Expected Value

The diagram shows that the inflation uncertainty has the greatest impact on the expected
value. From the base value of 30% for high inflation, decreasing the likelihood will
decrease the EV by over 20%, and as high inflation likelihood increases, EV increases by
over 60%. None of the other uncertainties have nearly as much impact, with the tax free

uncertainty being the least impacting on EV.

While the previous tornado diagram shows how EV can be affected, it is not
particularly helpful to TSgt Smith, except in determining what the overall value of his
retirement will be. The next tornado diagram compares each variable to the difference in

EV between Redux and High 3:
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Tornado Diagram for Redux - High 3

Conservative Invest
‘

High (4%) Active Duty: Pay In

High R:

-1000.0% -500.0% 0.0% 500.0% 1000.0% 1500.0% 2000.0%

% Change from Base Value

Figure 32: Enlisted Tornado Diagram for Decision Basis

Inflation remains important as the second-highest factor, but the most important variable
is the investment outlook — becoming more conservative (from 80% to 100%) means a
negative change in the difference between Redux and High 3; in this case because the
values are so close, negative means that the High 3 is the decision with the highest value.
As TSgt Smith’s preference for a conservative investment outlook decreases, the EV
difference increases dramatically in favor of the Redux plan. The likelihood for rank at

retirement has the least impact on difference in EV between the two plans.

Major Wright

Maj Wright’s preference probabilities are somewhat different than TSgt Smith’s
probabilities. The EV for his decision is larger for the High 3 than for the Redux. Like it
did for TSgt Smith, the sensitivity analysis helps illuminate the impact of his preference

probabilities. Each analysis is similar to the sensitivity analysis charts of TSgt Smith:
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Branches of Node Decision vs. High Rank

2280000
2260000
2240000

2220000
2200000

—— 1: 30K Redux
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2180000
2160000
2140000

Expected Value of Decision

o
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High Rank

Figure 33: Officer Sensitivity to Rank

Branches of Node Decision vs. High (4%) Active Duty Pay Increase

2450000
2400000
2350000

—— 1: 30K Redux
2300000
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2250000
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Figure 34: Officer Sensitivity to Pay Increase

Branches of Node Decision vs. High (6%) Inflation

4500000
4000000
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—— 1: 30K Redux
3000000
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[

Figure 35: Officer Sensitivity to Inflation
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The results of the uncertainties are similar to that of TSgt Smith’s — EV increases as the
likelihoods for High Rank, Pay Raise, and Inflation all increase. Unlike TSgt Smith’s
model, however, it can be said that the decision for High 3 is strictly dominant for each
uncertainty — meaning that when all other variables are held constant, the greater EV does
not change from High 3 across the entire range of probabilities for the specific

uncertainty.

The tax free bonus uncertainty is also similar, but deserves attention because of Major
Wright’s preference probability of 0%. If he were more likely to expect tax-free bonus
pay (if he were to be deployed to combat zone or was not currently investing in the TSP),
then at approximately 50%, his correct decision is actually the Redux and investment of

the $30K bonus:

Branches of Node Decision vs. Tax Free Bonus

2260000
2250000 g
2240000 +
2230000
2220000

2210000 o N
2200000 L —&— 2 : High 3 Traditional

—— 1: 30K Redux

2190000 -
2180000 -
2170000 -
2160000

Expected Value of Decision

0 0.2 0.4 0.6 0.8 1

Tax Free Bonus

Figure 36: Officer Sensitivity to Tax Free Bonus

Maj Wright intends to retire at 20 years — and if so the correct decision is the High 3 plan.
As his probability of retiring after 20 years increases, the Redux becomes a better

decision.
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Branches of Node Decision vs. 20 Year Retirement

2450000
2400000 +
2350000
2300000 +
2250000
2200000
2150000
2100000 +
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—— 1 : 30K Redux
—=— 2 : High 3 Traditional

Expected Value of Decision

0 0.2 0.4 0.6 0.8 1

20 Year Retirement

Figure 37: Officer Sensitivity to Retirement Timeline

Finally, the investment outlook favors the High 3 at Maj Wright’s preference probability

of .8. As this decreases, the Redux plan becomes the best decision (<.6).

Branches of Node Decision vs. Conservative Investment Outlook

2350000 p

2300000 +

2250000 —— 1: 30K Redux

—=®— 2 : High 3 Traditional

2200000
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Expected Value of Decision

2100000

0 0.2 0.4 0.6 0.8 1

Conservative Investment Outlook

Figure 38: Officer Sensitivity to Investment Outlook

The sensitivity analysis for each uncertainty shows that in some cases the High 3
retirement plan is strictly dominant — meaning that varying each uncertainty while
holding the others constant, the proper decision of High 3 producing the highest EV does

not change. While true when varying a single uncertainty, we can also use a two-way
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sensitivity analysis — varying two different uncertainties simultaneously. When the
uncertainties for both the tax free bonus and the investment outlook are varied, Maj
Wright’s highest EV decision changes from High 3 to Redux. The following table shows

this impact:

2-Way Sensitivity of Expected Value of Decision

B 50000-100000
O 0-50000
B -50000-0
& -100000--50000
B -150000--100000
O -200000-- 150000
Conservative |4 _550000--200000
]
O

Expected Value of
Decision

Invesiment -300000--250000
Outlook
-350000--300000

Tax Free Bonus

Figure 39: Officer 2-Way Sensitivity (Tax Free, Investment Outlook)

In this chart, the positive numbers on the left side of the chart indicate the greater EV for
the High 3 decision, while the negative numbers indicate the greater EV for the Redux
decision. The two-way sensitivity shows that if Maj Wright were to change two of his
preferences simultaneously — to a moderate investment outlook of 8% / 4% returns and a
tax-free income, his decision changes to Redux and the difference in EV is over $300,000

difference in favor of the Redux plan.

The tornado diagram details the difference between the EV for either decision. It

highlights which factors are most influential:
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Tornado Diagram for High 3- Redux
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% Change from Base Value

Figure 40: Officer Tornado Diagram for Decision Basis

The two most influential uncertainties are the investment outlook and the inflation rate.
The diagram also highlights the fact that changing the investment outlook to moderate
will result in the greatest change in favor of the Redux plan, while increasing the inflation
rate results in the greatest change for the High 3. The least influential to his decision is

Maj Wright’s retirement rank.

Summary

The scenarios explained above directly relate back to the real-world decision faced by all
Airmen approaching their 15 year service point. By using the model and assessing
preference probabilities, more clarity is brought to the decision by showing the expected
value of either decision. The sensitivity analysis provides more insight into the decision.
By performing the sensitivity analysis on the given examples, the analyst can provide a
more detailed look at each of the uncertainties faced by the service member. By

understanding which factors have the greatest influence on the decision, more focus and
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attention can be centered on the areas. Rather than an arbitrary calculator providing final

numbers, the model can provide detailed insight into the decision.
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V. Findings / Conclusion
Although the example scenarios include detailed preference probabilities, the
sensitivity analysis does allow us to provide some general findings and basic information

that can be provided to service members.

Officer Ranks:

1. Across the majority of outcomes, the High 3 decision was strictly dominant.

2. Should not discount the possibility of Redux being the better plan. If there is
a 100% probability of tax free investment, many outcomes favor Redux — in
fact by just changing Maj Wright’s preference in that category, his decision
changes to Redux among almost all other outcomes. Additional factors
including investment rate of return and length of service provide more

incentive.

Enlisted Ranks:

1. The difference between the value of the Redux plan and High 3 are close

among most preference probabilities.

2. Investment outlook is a key determinant. While advisable to maintain a more
conservative approach, an individual’s expected return will have a great

impact on the decision.

3. Another key factor is length of service. The more certainty an individual has

regarding his retirement timeline, the better decision can be made. In almost
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all cases, the longer the service time the more favorable the Redux plan

becomes.

General

Perhaps the most important factors to keep in mind are the key assumptions of the
model — that an individual will invest all of the Career Service Bonus (if taken) and will
not focus on trying to save the difference in pay between the Redux and High 3 if the
High 3 is selected. While these are valid assumptions, they are also key to the decision

process.

Conclusion

The power of the model is in its simplicity. Although not an advanced problem
which requires high-powered math, the model provides a distinct advantage over others
currently available. This is a tool usable by EVERY service member who reaches the 15
year point. It is something that is extremely valuable to a vast majority of mid-level

military members.
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Appendix: Blue Dart

Measuring Risk In Mobility Airdrop
Aaron J. Larose, Major, USAF
aaron.larose@afit.edu
Word Count: 611

“Airdrops are critical to sustaining ground forces at austere locations where other
means of re-supply aren’t feasible.” So says Air Force Colonel David Almand, director
of the Air Mobility Division at the CENTCOM CAOC. The amount of cargo delivered
via airdrop has grown from 3.5 million pounds in 2006 to over 40 million pounds in
2010, according to AMC Public Affairs. Unfortunately, risk assessment of the potential
collateral damage caused by off-target drops has not kept pace with this ever-expanding
mission. Decision makers at all levels demand and deserve better than they are getting.
A more advanced methodology is proposed which will help bring clarity to the decision
making process.

Currently, planning for risk assessment relies on rectangular shapes to categorize
areas of probability for missed drops. These categories are the likelihood that the airdrop
will land within a particular zone with 50 to 90 percent probability. It then measures the
amount of space covered by “Protected Objects” within each zone. Based on the amount
space of the protected objects in each zone, the planners determine a level of risk from 1
to 5 (increasing number means increasing risk). These risk levels correspond to the risk
levels used by the joint planners for collateral damage estimates from explosives. While
seemingly sound from a doctrine standpoint, there are some key problems with the

current methodology.
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The current methodology does not provide an actual percent chance that a
protected object will be struck. Planners can advise the decision maker that according to
their calculations, they are at risk level 3, for example. But risk level 3 does not
necessarily mean that there is an xx% probability of an airdrop damaging a protected
object, or even a range of probabilities. In fact, if the new methodology is applied, it can
be shown that there are instances when an airdrop assessed as risk level 2 actually has a
higher probability of damaging a protected object than a risk level 3 drop. The main
reason that the current methodology allows for such a flaw is that it does not make
enough of a consideration for the direction of travel of the aircraft. If a protected object
is outside the 90% box, but directly along the direction of travel, it would receive the
same score or risk level as a protected object outside the box but well left or right of the
direction of travel. By comparing the historical data of both possibilities it can be shown
that the protected object along the flight path has a much higher probability of collateral
damage. The planners themselves agree that the current method must be improved.

The proposed methodology is based on a statistical analysis of current airdrop
data. By applying the data to the closest fit bivariate-normal distribution, it is possible to
get a more accurate assessment of the probability of collateral damage. Instead of
relying on the series of boxes to distinguish collateral objects, the probability of damage
can be assessed directly by applying the model distribution to a given set of inputs
including altitude, airspeed, and, importantly, direction of travel. Decision makers will
know the assessed probability of damage before approving a particular mission. The
concept can be expanded to incorporate joint doctrine, so that each risk level will have an

associated probability range of collateral damage.
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Airdrop capability is an ever-expanding mission essential to OEF and future
possible conflicts and contingencies. Our decision makers deserve a product that
provides clarity to the associated risk decision. By implementing the proposed analytical

methodology, this clarity can be achieved.

Aaron Larose is a Major in the United States Air Force and a student at the Air Force

Institute of Technology studying Operations Analysis.
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