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ABSTRACT

A unique approach is further developed evaluating government, industry (civilian) and military workforce
requirements, projections, stabilization, and associated costs. This System Dynamic continuous simulation
focuses on personnel by position or grade applying goal seeking analysis to achieve defined end-states
through time, optimizing hiring/promotion strategies maintaining workforce obligations. Analysis draws
upon historical data; hires (includes random, special, and scheduled), promotions, attritions (retirements,
losses, relocations) and associated cost of personnel by position, including STEM. Additional analysis
includes sudden reduction, (lay-off) scenarios, and strategies to evaluate resilience of the workforce.
Results exhibit hiring strategies coupled with heat maps to support hiring focus areas by position, with
planning forecasts to support fiscal year(s) budget projections. Workforce benefits are modeled and
calculated to depict total cost of personnel providing accurate cost profiles for inclusion into annual
budget builds.

Note: The opinions and views expressed are those of the author and do not authenticate content or reflect
the opinions or views of the IC or the USG. Additionally, all data presented in this paper is notional for
analytical and demonstration purposes and does not reflect the status quo for commercial industry
(civilian) or government agency.
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1 INTRODUCTION

Effective workforce cost and stabilization strategy planning is a persistent challenge within both the
federal government and the industrial base. Total ownership costs of the workforce, including salaries,
benefits, promotions, and annual escalations, are substantial. Workforce numbers represent ongoing and
future strategies tied to existing and future requirements. Typical questions about the workforce are
always under investigation: When to hire; how many to hire; what grade requirements must be met; what
should my hiring rates for each grade be; and ultimately, what will this cost (budget) per year to sustain
real-time and future projections of the workforce? Typically, Human Resources (HR) evaluates the needs
of their internal organization(s) and fosters a strategic and tactical plan to maximize meeting personnel
requirements while seeking an accurate cost estimate or budget profile.

This research focuses on those requirements, incorporating a system dynamics approach, analyzing
present and future grade levels, and associated capital expenditures as they change over time while
maintaining overall budget requirements.

Workforce levels are constantly adjusting and subsequently monitored for changes due to hires
(random, special, and scheduled), promotions (maturations of personnel to the next grade — discrete or
Montecarlo analysis), attritions (retirements, losses, relocations), and policies guiding the future of the
workforce. A delicate balance exists within this ecosystem and seeking the “best” solution requires
optimal scheduling and hiring practices.
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The goal is to adjust scheduled hiring practices to achieve a balance between personnel and competing
requirements, now and in the future, identifying key variables affecting the workforce structure, providing
accurate cost estimates or budget profiles.

Today there are many Commercial-Off-The-Shelf (COTS) Enterprise Resource Planning (ERP) and
Human Capital Management (HCM) software packages which provide Human Resource Management
System capabilities. These systems typically fall short in analyzing the present and future force levels
requirements and associated capital expenditures as they change over time. The solution lies in a detailed
‘Make-To-Order’ (MTO) simulation capability capturing the dynamic details of the workforce. The
previous questions of when to hire, how many to hire, where to hire are detailed, based on strong
statistical analysis, normally supported by various HR data teams within civilian or government agencies.
Denoted by year (12-month increments) the “heat map” focuses on the grades specifically when to hire,
where to hire, and how many to hire.

The result is a robust capability to adequately monitor, track, predict and control a proper balance
between personnel and competing requirements identifying numbers of personnel and associated
detailed cost estimates thus helping to plan and support the personnel base for today’s challenges and
future operations. Today this information is passed forward in support of the annual budget development,
both for the current fiscal year budget as well as the five-year outlook supporting future fiscal year budget
projections.

Sustaining the workforce, knowing when to hire, where to hire, how many to hire, and the associated
costs all inclusive, is the primary objective of this research and continued model development. This is
where System Dynamics and Simulation come together to model workforce behavior, to include all cash
flows, as key to successfully capture the full cost of the workforce resulting in accurate cost estimating,
forecasting to the future, and supporting the budget process.

This research and application presented here, in reference to government, industry (civilian) and
military workforce demonstrates this capability.

2 SYSTEM DYNAMICS AND MONTE CARLO SIMULATIONS

System Dynamics (SD) captures the complex relationships within the workforce domain, identifying
variables affecting the workforce structure, focusing on the causal relationships bearing on the personnel
domain, and effectively identifies those variables which will affect the workforce structure balance. Such
analysis focuses on the nonlinear behavior of complex systems over time using stocks or state variables,
flows or rates, internal feedback loops, supporting functions and nth-order time delays as applicable.

Applying system dynamics to workforce modeling identifies several notable features not exhibited in
standard open loop discrete event (next event) simulations. Personnel models are looked at as being
dynamic, involving quantities which continually change or exhibit oscillation of the workforce over time.
Discrete event simulation will not accurately portray or capture the constantly changing variables or
guantities under investigation. Incorporating SD, such quantities are expressed in terms of graphs
exhibiting non-linearity and are dynamic in nature.

Personnel maturation over time exhibits dynamic behaviors, encompassing a full spectrum of
personnel events with impacts to steady state, coupled with direct and indirect feedback loops, with
changes due to hires (random, special, and scheduled), promotions (maturations of personnel to the next
grade, attritions (retirements, losses, relocations), and policy changes guiding the future of the workforce.
Additional scenarios include but are not limited to unexpected Reduction In Force (RIFs); planned or
scheduled enhancements or “plus-ups” to the workforce population; reductions of the workforce to
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include resiliency analysis; OPM or OMB mandated strategies, such as hiring freezes, relocation of
subordinate offices to other regions, to name a few.

SD simulations additionally consider delays, flows of information and material, obviously lending itself
to the study of transient phenomena. When such a simulation model is developed, the state variables are
continuously changing, and their time variation may depend on other state variables changes. The
dynamic behavior of these variables describes the real system, and their computational relationship is
critical to achieving reliable results. Another important feature, and most critical to solving workforce
challenges which the system dynamics applies, involves the notion of feedback. Feedback is the
transmission and return of valuable information. A feedback loop is a closed sequence of causes and
effects. A series of interconnected feedback loops is a feedback system. Users can visualize and calculate
how variables affect each other, quickly discover key leverage points, identify optimal conditions, and
apply associated variable settings. This capability improves decision-making and enhances the
performance of the workforce system. Thus, understanding the behavior of feedback systems is a goal of
the system dynamics approach.

Incorporating system dynamic modeling, simulation and analysis as described in this paper presents a
more detailed and accurate depiction of the costs and personnel details associated with the workforce
over time, as compared to static models. This research presents a system dynamics model that provides
a more accurate representation of the workforce “as-is”, portrays the “should-be”, and finally the “will-
be” to include detailed costs.

3 MODEL DEVELOPMENT - THE BASICS
3.1 The Architecture

Figure 1 represents the designed overarching architecture with noted sectors (systems of systems) that
comprise the workforce model.
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Figure 1: Workforce Architecture with component sectors.
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The ‘Main Platform Sector’ represents the main end-to-end flow of personnel through the system. It
depicts the various stages of maturation or progression within a corporate or government promotion
system using “Grade Levels”. The Main Platform Sector is often modeled in parallel to mimic separate
Directorates. Other agencies may depict their processes with different labels. A sister civilian or
government agency may be modeled with “Pay Bands” exercising multiple grades within a singular band.
Grade levels or simply ‘Levels’ (L) modeled in this analysis are New Hires, and Pay Grades (L)7s, 9s, 11s,
12s, 13s, 14s, 15s and Senior Executives, often referred to Senior Executive Service (SES).

Additional network sectors include the ‘Input Processor Sector’ where user parameters are displayed:
Menu Inputs — Initial starting numbers of personnel by grade, coupled with associated maturation periods
harvested from historical statistical analysis; Grade Level Goals including intermediate (stage gate) and
final goals (ending numbers of personnel desired); Percent Promotions to each grade; Percent attrition
associated to each grade; Replenishment Intervals; N-Order Delays for promotions; Labor Rates / Month
calculated as weighted averages of the labor rates including STEM pay as appropriate; and Grade %
Incentives defining % incentive pay to each grade as may be directed.

The ‘Output Processor Sector’ identifies user defined graphics and tables that are “pulled” from the
model networks. A representative scenario is presented in Section 4.3 with the outputs (analyses)
exhibited in Section 4.4. The ‘Benefits Sector’ which is also “pulled” from the model networks, is exhibited
in Section 4.5 as part of the Cost Estimates. Resiliency of the Workforce follows in Section 5.0.

3.2 Levels, Rates, and Auxiliary Representations

Figure 2 represents a simplistic basic flow diagram of the physical accumulations and flows regarding the
maturation of personnel through time. Benefits, salary, and compensation are also represented.

Year Execution
Adjustments
‘I

PN
O oNCHOIINONEN
e o

111 Keplen Interval Overtine SSiMedicare  New Hire ERNER

D([)‘/ T Terminal Lelive Life/Medical

+— )

48 K

L11 Auto Hires ON/OFF O_’ ‘<O
TSF

T i Be/n‘;1t§ ector
L11 Hire Schedule

VY Y Y Y Y
SO G s A S s

Salaries $/Maonth

All Benefils

Salary Total

Gnam O// \O
Relocation Allowances X("mml
Basic Level Maturation [FCD O E) ™

. . (Direct,Indirect,
% L9ta L1 L1 % LiTtoL12 SLRP  ogog Bonuses

Benefits Porta| ed & Variable)

\‘ Benefits Total Total Salary Rate

Tolal Benefils Rate

e L1
N
. YN .

L9 R‘atb L11 Hate Benefits & Salary Totals

L9 Maturation / L11 Maturation

P
)
L

R ') mce\';z“‘;'e s '
s U('é‘) L1 Exit L i {,
| Sal / fil
11 Exit Beneauld Total Salary Rale Total Benefits Rate
- \A /
o ®
o
SESRSE L11 Attrition % (Annual) Total Poreonnel
O ‘7 ‘7 Compensation Rate Personnel
Compensation Total

L11 % out

Personnel Compensation Totals

L11 Depart
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The focus of the model is the various levels representing stages of maturation or progression within
the civilian or government promotion systems. Grade levels represent the values of the variables under
study through time. The grade level symbol is depicted as a rectangle. The flows contained in a level are
calculated as a series of differential and difference equations, represented by equation set (1) described
below as:

Xit=Xi 1+ DTX (Zﬂ‘"’:1 rate.inj, v1- Y. rate. outi, 1) (1)
where

Xi t = state variable level i at time t

X t1 = Sstate variable level i at time t-1

DT = delta time interval

rate.in j -1 =flow rate j into level i at time t-1
where j=1,..., M and M is Integer

rate.out i .1 = flow rate k out of level i at time t-1
where k=1,..., N and N is Integer

Equation (1) for the level symbol states that x;, ¢, the present value of x; at time t (time now), is equal to
the previously computed value X; +1 (time last), plus the difference between the inflow rate, rate.in, during
the last time interval and the outflow rate, rate.out, the difference in rates multiplied by the length of
time DT during which the rates persisted. The chosen integration method to perform these time step
calculations evaluating all differential and difference equations simultaneously at each DT is Euler’s
method. In this model, the value of DT is time stamped monthly. Evaluating these equations monthly
captures the dynamics of the personnel with high accuracy depicting the simulation solution as
‘continuous’.

Initial conditions for grade level equations represent the number of personnel in each grade at the start
of the simulation. The model allows for these inputs, as well as possible incremental and final goals or
requirements representing the number of personnel by grade which need to be achieved. Grade levels
receive resources (personnel) from the input rates. The rate symbol is used to depict the rate of flow. The
rate equations are significant in that the changes to all the levels in the model are attributed to some form
of the rate equation. The rate equations associated with this symbol are usually found either entering,
such as promotions or hires, or leaving a level node, again as a promotion to the next grade or attrition.
The flow rate flow in this model is a function of several variables. Thus, flows into a level node are positive
(+), whereas flows out of a level node are negative (-). Understanding of the relationships of equations
previously described is important for model development. This model was developed and “coded” by the
author using a commercial simulation platform, “Stella Architect” (ISEESystems). This model accurately
portrays grade levels and rates supportive of each personnel grade level, specialty as noted, identifying
the overages, shortages, and costs as the timeline varies according to the simulation, working to stabilize
the government, industry (civilian), and military workforce per predefined strategy and goals.

4 ANALYSES

4.1 Setting Initial Workforce Parameters

During setup to “run” a scenario, a Base Case is established to portray the “as-is” state or start point. HR
provides statistical data based on “real” data associated with the civilian or government workforce. This
includes numbers relating to personnel by grade; promotion rates; and attrition rates (retirements, losses,
relocations). Initially the promotion rates by grade are established using either the Chi-Square Goodness-
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of-Fit test or the Kolmogorov—Smirnov Test to determine the sampling distribution. Regarding the
promotion rates for Monte Carlo sampling, the triangular distribution was found to be the ‘best fit’.

Table 1 illustrates a sample data set for ‘Promotion Rates’ maturing from grade to grade. The rates
(months) are supported by the triangular distribution as previously discussed. Table 2 depicts the
‘Promotions by Grade’ as a percentile (%) with a weighted average of both STEM and Non-STEM civilian
or government personnel.

Promotion Rates (in Months) Promotions by Grade
(Wtd Average STEM/Non-STEM)

Grade Min Avg Max

107 -> 09 48 18.0 106.8 Grade Wtd Average
L-07 -> 09 62%

L-09->11 7.2 21.6 111.6 1-09 > 11 51%

-11->12 6.0 30.0 170.4 11512 36%

1-12->13 9.6 31.2 94.8 1013 6%

-13->14 13.2 46.8 192.0 113 >14 15%

L-14->15 18.0 16.8 181.2 L-14-> 15 8%

L-15-> Exec 6.0 45.6 86.4 L-15-> Executive 2%

Table 1: Promotion Rates Table 2: Promotions by Grade

Another key point to note is the need to account for lower-grade personnel filling higher-grade
positions, as failure to do so may lead to overestimated cost requirements. To address this, the model is
adjusted to incorporate data on trends pertaining to the number of lower grades filling higher grade
positions, adjusting the by grade authorizations accordingly.

As previously discussed, attritions typically are categorized in terms of retirements, losses, and
relocations. Table 3 provides in depth separation rates for each grade that is implemented into the model

to set initial workforce parameters.
Annual Separation Rate

Grade Overall
L-12 and Below 12%
L-13 9%
L-14 8%
L-15 10%
Executive 13%

Overall FY24 Separation Rate
10%

Table 3: Separation Rates

Goals, in the form of defined intermediate and end states, are substantiated against the requirements
and strategy of the civilian or government senior leadership. For example, the workforce start point, by
grade and in total, may increase by a desired percentage of growth. On the converse, a goal may be in
the form of a “freeze” of current grade levels and totals, or a downsizing scenario based on budget
reductions leading to Reduction in Force (RIF) scenarios.

Verification of these initial conditions and results are mapped to previous historical statistical results.
Promotion and attrition statistics are compared to recent historical data to ensure that the model
generations are within tolerance to actuals. Table 4 is an example data which includes monthly and annual
attrition rates that the model outputs can be assessed against to ensure the model is producing equivalent
results.
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Personnel Separation History: Overview
Whatis the rate at which personnel are leaving the organization?

Fiscal Year Primary Metric Loss Count Separation Reason

— ] vToRate esignation [ 2 (s

Annualized Rate

Separation Reason ® Loss Count 109 Retirement 27 (25%

- Definitions Q dther B 20 (5%

Month

Table 4: Notional data set of personnel separations to facilitate the verification of the model

4.2 Setting Initial Workforce Cost Parameters

The total cost of the workforce is influenced by many factors. The primary driver lies with the personnel
numbers by grade multiplied by the salary for that grade.

To develop starting salary values, by grade average pay rates are developed. For the government, the
initial data source is “pulled” from the ‘Locality Pay Area of Washington-Baltimore-Arlington, DC-MD-VA-
WV-PA 20xx-DCB’. For a corporate (civilian) analysis salaries are typically “pulled” from the Human
Resources team.

Because government grades include ten step salary rates, and each step has an increasing time-in-
grade requirement, an initial salary value was developed using a weighted average of all step salaries
relative to the time in each step. The same process was used for a prototypical civilian or government
specific STEM pay table, resulting in a weighted average by grade STEM pay rate. Once both STEM and
non-STEM average salaries were established for each grade, an overall by grade weighted average was
established based on the number of STEM and non-STEM positions in each grade, noted in tables 5 and
6, respectively.

Proportional Splits Weighted Average Pay

Grade STEM Non-STEM Annual Monthly
L-07 20% 80% 71,958 5,996
L-09 30% 70% 89,643 7,470
L-11 60% 40% 112,157 9,346
L-12 60% 40% 128,688 10,724
L-13 42% 58% 145,488 12,124
L-14 43% 58% 167,783 13,982
L-15 46% 54% 186,747 15,562
Executive 0% 100% 219,787 18,316
Table 5 Table 6

Tables 5 and 6: STEM, Non-STEM Proportional Splits & Weighted Average Pay
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These initial weighted average salaries are input into the model as the start point. Salaries alone,
however, do not cover the total cost of the workforce.

Benefits are a key component of the analysis defined in detail, updated annually. Most benefits are set
as a percentage of salary, such as Social Security (6.2%) and Medicare (1.45%). Other benefits, however,
can be set at a predetermined dollar value. As an example, the organization may set a childcare subsidy
benefit at a level of $120,000 per year, monitored and dispersed on a case-by-case basis.

Once all initial salary and benefit parameters are established, the model calculates the salary and all
benefits costs, based on monthly personnel projections, and outputs that data for further review. These
values are then compared to the organization’s budget for further analysis.

Finally, an annual inflation rate is set. It is entered manually for each year or preset to a percentage
(%) increase per year, or a combination of both adjustments.

4.3 Scenario Demonstration: (Notional Data) — Ramp-Up & Maintain 2250 Personnel

This section provides a representative example of an analysis.

The task is to perform a detailed corporate (civilian) or government workforce excursion and analysis
in preparation for upcoming budget development evaluations. The analysis should contain the hiring
strategy requirements, initial and year to year, to achieve intermittent and final personnel goals as
represented in Table 7. Additionally, the scenario “runs” will provide total cost or budget line items per
fiscal year to gain insight into increasing workforce levels per year as required. All costs associated with
this ramp up include salary, benefits, as total compensation.

Scenarios have been updated and analyzed, by year, by grade, total costs for employee compensation,
incorporating STEM + non-STEM salaries, with annual inflation adjustments. Personnel details, e.g., hires,
promotions, attritions data by grade are included.

Baseline Program Guidance
» Staffing Start Point for FY24: 2075
*  ByendofFY24:2110
* Byendof FY25:2210
*  FY26 - FY30: 2250 (Total & Maintain Steady State)

Apr-24 Fy24 FY25 FY26-FY30
Grade |0n-Hand Grade I Goal Grade | Goal Grade | Goal

Executive 71 Executive 72 Executive 73 Executive 72
L-15 405 L-15 412 L-15 431 L-15 448
L-14 585 L-14 595 L-14 623 L-14 641
L-13 515 - L-13 525 - L-13 550 - L-13 554
L-12 307 L-12 312 L-12 327 L-12 333
L-11 97 L-11 98 L-11 105 L-11 103
L-09 64 L-09 65 L-09 68 L-09 67
L-07 =il L-07 31 L-07 33 L-07 32
Total 2075 Total 2110 Total 2210 Total 2250

Table 7 — Goals by Grade, Fiscal Years 24 — 30
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4.4 Simulation Run - Scenario Outputs: (Notional Data) — Ramp-Up & Maintain 2250 Personnel

Figure 3 below is a culmination of all grades combined under one ‘Personnel Total’.

Personnel Total (All Grades Combined) pa1dp
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Figure 3: Personnel totals (all grades combined) achieving steady state

With a starting point of 2075 personnel at time one or beginning of FY24, the goal is to achieve 2110
personnel by end of FY24, 2210 personnel by end of FY25, 2250 personnel by end of FY26 maintaining
2250 thereafter.

This “hill climbing” challenge or “ramping up” requires additional hires to achieve these goals with the
understanding that as the grades need to increase personnel, while simultaneously suffering attrition
combined with promotions to the next grade. The graphic table displays these results in detail. All goals
have been achieved by their fiscal year requirements. Steady State has been achieved by end of FY26 at
2250 with an average of 2250 and standard deviation of 2 personnel. The heaviest hiring occurs during
FY25, as moving from 2110 to 2210 requires a minimum of 100 personnel. Coupled with promotions and
attritions, the numbers required are larger.

As noted on the graphic, on-board projections will to some degree fluctuate as there are personnel
always in movement, e.g., hiring, promotions, attritions that typically occur in small “bunches” or groups
across the grades and not necessarily one for one.

Keeping in mind the previous results, same scenario, Figure 4 portrays additional fidelity as the
personnel totals are now separated to reveal status by grade.
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Ramp up of each grade is presented along with achieving steady state at contrasting times. Each grade
has a different cost profile and associated benefits. As a reminder, the histogram depicts the successful
meeting of the goals of each grade at the end state.
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Figure 4: Personnel totals (all grades separated) achieving steady state

Continuing this same scenario as described, and having achieved the goals, Figure 5 below provides the
“heat map” placement of when to hire, where to hire, and how many to hire?

Added to the developed output-processor, histograms were created to capture the data as to the
number of hires by each grade that were required to fulfill the goals or requirements. The ‘Y’ axis shows
the Fiscal Year and associated months. This is the “when to hire”. The ‘X’ axis reveals the density of the
hires by grade. This is the “where to hire”. The associated legend depicts the priorities with the dark green
color as high priority and the lowest priority the light grey color. For those looking for more than focus
areas, the exact numbers are represented in the table just below the histogram. This is the “how many
to hire”. For example, looking at FY 25, month 24, there is a high priority hiring for L13s. Secondary priority
to L14s. This equates to goals of 52 L13 hires, and 51 L14 hires, respectively.

The value of the heat map and the accompanying numbers to hire lends itself to the recruitment side
of this analysis. When soliciting offers it may be supportive to know the strength areas of the organization
as well as the weak areas. A more deliberate hiring strategy can be obtained and followed. From the cost
standpoint, focusing on the corporate (civilian) or government personnel by grade allows for a more
reasonable expectation on the costs involved for that fiscal year.

10
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641
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» As hiring is often referred to as an art,
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FY26 36 1 4 4 25 37 42 37 4
FY27 48 2 5 4 21 32 26 23 5
FY28 60 2 3 4 25 27 31 23 4
FY29 72 2 3 4 21 27 26 27 5
FY30 84 2 4 4 21 32 31 23 4

Figure 5: “Heat Map” depicting actual hires required by year to achieve personnel requirements

The critical point here is that each grade of the workforce is a balanced ecosystem. Based on factors
such as promotion rates, attrition rates, unique to each grade the key is to focus hiring strategies on those
grades that require emphasis as depicted. The other grades certainly are equally important and should
be addressed as well. To achieve those numbers both in total and by grade the hiring rate obviously
increased during the “hill climbing” phases.

4.5 The Cost Estimates

Accurate cost estimation is a critical component of workforce planning and management. A primary
function of the workforce model is to develop a realistic present-day representation of the workforce and
all personnel costs, including salaries and benefits, with the capability to provide a detailed projection of
future Personnel Compensation Totals (Salary + Benefits) which also accounts for inflation.

To capture the accuracy of salaries and associated benefits, the numbers of corporate (civilian) or
government personnel were evaluated by their salaries in each grade. This approach allowed for the
correlation and capture of benefits totals, including Social Security, Medicare, Thrift Savings Plan (TSP),
and Federal Employees Retirement System (FERS), among many other benefits. By adding salaries and
benefits, ‘Personnel Compensation Total’ was calculated, providing a holistic view of the costs associated
with the workforce. The compensation totals were integrated into a system dynamics network, enabling
the visualization of the relationships between salaries, benefits, and total compensation, as represented
in Figure 6. The pie chart represents the compensation totals in relation to each line item. Note that in
this analysis the FERS/Retirement is the largest owner of the benefits class.
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Figure 6: Workforce Simulation Years (FY26-30) Year Breakout & Relative Comparisons

Simulation outputs (labeled and presented in Table 8 below noted in green) were calculated per fiscal
year, leading to ‘Total Requirements’ (Pay + Benefits). ‘Personnel Budget’, and ‘Simulated Budget’ with
STEM adjustments are compared with a final ‘Delta’ to reflect noted differences in the detailed analysis
of the simulation and calculations provided from other estimates. Red identifies a potential shortfall. Note
also in Table 8 that there are thirteen basic representative categories listed accommodating this scenario
including salary to contribute to the ‘Personnel Compensation Total’. Additional benefits identified may
also be included, thus increasing the accuracy and fidelity of the analysis.

Additionally, full-time equivalent (FTE) projections were calculated using the simulated total annual
salary plus benefits cost by grade, divided by the average FTE cost by grade. This approach facilitated the
identification of potential shortfalls or excesses in personnel budgeting, as well as the impact of STEM
adjustments on workforce costs.

When developing cost estimates from a systems dynamic workforce modeling simulation, it is essential
to consider various factors that can influence workforce costs. These include inflation and cost escalation,
grade and position specific benefits, turnover and attrition rates, training and development costs,
healthcare and insurance costs, retirement and pension costs, STEM and specialized labor costs, and
location specific costs. By accounting for these factors and employing a systems dynamic approach,
organizations can develop more accurate and comprehensive cost estimates for their workforce, enabling
informed decision-making and strategic workforce planning.
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Pay and Benefits Category 2024 2025 2026 2027 2028 2029 2030 FY26-30

Salary 322,425 347,718 382,381 393,197 401,101 409,822 418,332 2,004,833
QOvertime Payments 611 614 621 618 618 618 618 3,091
Terminal Leave 1,410 1,418 1,433 1,425 1,425 1,425 1,425 7,133
Awards 13,245 13,682 14,207 14,518 14,915 15,322 15,738 74,699
Relocation Allowances 6,955 6,996 8,796 8,752 8,754 8,755 8,757 43,814
Student Loan Repayment Plan 2,444 2,741 2,808 3,990 4,560 4,560 4,560 20,478
Child Care Subsidy 122 123 124 124 124 124 124 618
Bonuses 838 904 994 1,022 1,043 1,066 1,088 5,213
Retirement 53,587 57,791 63,552 65,349 66,663 68,112 69,527 333,203
Thrift Savings Plan 15,799 17,038 18,737 19,267 19,654 20,081 20,498 98,237
Life/Medical Insurance 18,894 20,376 22,408 23,041 23,505 24,016 24,514 117,483
SS/Medicare 23,666 25,523 28,067 28,861 29,441 30,081 30,706 147,155
Year of Execution Adjustments 4,546 4,903 5,392 5,544 5,656 5,778 5,898 28,268

Total Requirement 464,542 499,826 549,517 565,707 577,457 589,759 601,784 2,884,223

FY24 FY25 EY26 FY27 FY28 FY29 FY30 FY26-30
Personnel Budget $ 478,040 | $ 493,620 [ $ 504,973 [ § 515,578 | $ 526,405 | $ 537,459 | $ 548,746 | | $2,633,161
WE Simulation (w/ STEM Pay) $ 464,542 | $ 499,826 [ $ 549,517 [ § 565,707 | $ 577,457 | $ 589,759 | $ 601,784 | | $2,884,223
Delta $ 13,498 [ ¢ (6,206)] ¢ (44,544) $ (50,129)] $ (51,052)] 5 (52,299)[ $ (53,038)] [$ (251,062)
|WE Sim On-Board Projections | 2110 | 2210 | 2250 | 2252 | 2250 | 2247 | 2250 |
|WF Simulation FTE Projections | 2103 | 2160 | 2235 | 2250 | 2251 | 2254 | 2256 |

Table 8: Total Requirements, Pay and Benefits, simulated and compared to available Personnel Budget

5 IDENTIFYING RESILIENCY OF THE WORKFORCE

Workforce resilience is studied at multiple levels. Focusing on our presented scenario and analysis thus
far, organizational resilience refers to the ability of an organization to anticipate, prepare for, respond and
adapt to incremental changes or sudden disruptions, ensuring continuity of the mission and growth of
personnel.

Figure 7 below represents a notional extension of the previously visited scenario with additional
modifications. At month 48, “Levels” or Grades 12, 13, 14, 15 have each lost 50 personnel, respectively
for a total of 200 personnel. The question becomes - How long will it take under current conditions to
recover to the original personnel levels (requirements)? Using the system dynamic based workforce
simulation, applying the similar hiring, promotion, and attrition rates, results exhibit that it will require
approximately 24 months to regain the same workforce levels prior to the sudden reductions. This defines
the resilience of the workforce under these conditions. Of course, this scenario assumes that hiring can
begin shortly after the personnel totals have been reduced.

Figure 8, same scenario, provides a slightly closer look at the resilience of each of the various grades.
For example, note that the L13’s have a stronger resiliency, recovering at the 12 month mark, as compared
to the L14’s and L15’s that recover at the 18 month mark, as well as the L12’s as they recover
approximately at the 24 month mark. These results exhibit the L13’s as a combination of stronger hires,
and promotions, coupled with less attrition.

Further, Figure 9 shows the total change to the ‘Total Salary Rate’ and ‘Salary Total’ of the workforce
due to the loss or drawdown of the 200 personnel. Although S$S may be saved or diverted during a
drawdown, the value of lost mission capability may need to be evaluated. And, of course, the ramp-up of
personnel as depicted in the resiliency of the organization, takes time and $S$ to achieve the workforce
levels that were previously required and sustained.
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Figure 10 below presents additional information to the previous scenario. Notionally the organization
at month 48 has suffered a loss of 50 personnel per “levels” 12, 13, 14, and 15 respectively for a total of
200 personnel. However, the organization has ceased all hiring, “hiring freeze”, for the next 12 months.
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Figure 10: Resiliency recalculation with additional constraint of a “no hire” for 12 months.
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Note in figure 10 that beyond the original 200 loss coupled with the “hiring freeze” for the next 12
months, the organization continues to lose personnel due to attrition (retirements, losses, relocations).
The total time now, with the additional delay, to ramp up to original personnel requirements, adhering to
original guidelines, takes approximately 52 months to achieve previous workforce levels.

Further, in Figure 11 below presents the total change of the salary rate of the workforce due to the
drawdown of the 200 personnel coupled with the additional “hiring freeze” of 12 months. The additional
loss of personnel due to continued attrition has significantly resulted in lowering the salary and
subsequent benefits required for allocation to the workforce budget. On the flip side, the analysis
identifies the allocation of funds needed to achieve original levels of personnel requirements. As
previously noted, although $SS is saved during a drawdown, the value of lost mission analysis again should
be evaluated. And, of course, the ramp-up of personnel as depicted in the resiliency of the organization,
takes time and $$S to achieve the workforce levels that were previously required and sustained.
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Figure 11: Salary Total and Total Salary Rate of the Workforce affected by the initial draw-down of
personnel plus the additive effect of a “hiring freeze” for 12 months.

6 VERIFICATION AND VALIDATION

Verification and validation are always ongoing throughout model development and analysis. Verification
is continuously performed comparing computer results to real-world actuals ensuring mathematical rigor.
Special care has been taken to ensure the high quality of statistics used in sampling from distributions. As
previously noted, the Chi-Square Goodness-of-Fit test, and/or the Kolmogorov-Smirnov Test were used
to support the Monte-Carlo segments. As demonstrated, the Cost Analyst may vary the input parameters,
perform comparative decision analysis, reviewing the simulation outputs, to evaluate various policies.
Sensitivity analysis is used to adequately test and predict the effects associated with a change in the input
parameters, changing various scenario majors. With additional variable changes, we can identify, test, and
reinforce HR policy to implement throughout the corporate (civilian) or government workforce. Such
analyses provide a more reasonable depiction forecasting the future of the workforce. Additionally, the
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estimated costs of benefits and salaries associated with occupational specialties are analyzed along with
various scenarios to project required salaries through time integrating future costs and inflation factors,
bonuses, and benefits, and incentive pays. A multitude of “what if” and “why not” scenarios are in play.

Validation is also continuous, comparing computer results to historical output mapped to current
analysis. To date comparisons have been strong, reinforcing accuracy, and a strong team effort to produce
a personnel budget with “high face” value with acceptance among senior leadership and peers.

7 SUMMARY

A unique approach is further developed evaluating government, industry (civilian) and military workforce
requirements, projections, stabilization, and associated costs. This system dynamic continuous workforce
simulation capability initiates with a starting solution of the current numbers of personnel by grade and
applies goal seeking simulation to achieve defined end-states incrementally through time, by grade,
optimizing hiring strategies achieving workforce objectives. This simulation capability draws upon
historical data including promotions, attritions, special and scheduled hires, and associated cost by grade,
including STEM. Results exhibit hiring strategies, by the numbers, with associated heat maps to support
hiring focus areas by grade, 12 month increments, with planning to support fiscal year budget analysis
coupled with accurate forecasted results to the future. Benefits are modeled and calculated to depict
total cost associated with personnel ‘ownership’ providing accurate cost profiles for inclusion into current
and future budget builds.

Additionally, simulating resiliency of the workforce, scenarios and supporting cost analysis, has been
presented. The ability of an organization to anticipate, prepare for, respond and adapt to incremental
changes or sudden disruptions, ensures continuity of the mission and growth of personnel. Only a
Modeling, Simulation & Analysis capability, coupled with a Systems Dynamic approach, can the cost
estimator achieve such accuracy and knowledge of the system(s) under investigation.

REFERENCES

Butcher, J. C., Numerical Methods for Ordinary Differential Equations. New York: Wiley & Sons.
Coyle, R. G., Management Systems Dynamics. New York: John Wiley & Sons.
Forrester, J. W., Principles of Systems. Portland, Oregon, Productivity Press.
Forrester, J. W., Industrial Dynamics. New York: John Wiley & Sons.
ISEE Systems Inc., Stella Simulation Software, Lebanon, NH 03766.
Kleijnen, J. P. C., Statistical Tools For Simulation Practitioners. New York and Basel, Marcel Dekker, Inc.
Parker, S. R., Military Force Structure and Realignment Through Dynamic Simulation, Ph.D. Dissertation,
Purdue University, West Lafayette, Indiana August 1994.
Parker, S. R., Military Force Structure and Realignment “Sharpening the Edge through Dynamic
Simulation”.
o 63rd Military Operations Research Society Symposium (MORSS), June '95; “Military Operations
Research Society”; U.S. Naval Academy, Annapolis, Maryland.
o 27" Winter Simulation Conference (WSC), Dec ’95; “WSC ’95 Proceedings”, Washington, D.C.
Parker, S. R., Marriott J. A., Personnel Forecasting Workforce21 — A Proposed Methodology.

o 67" Military Operations Research Society Symposium (MORSS), June '99; “Military Operations

Research Society”; U.S. Military Academy, West Point, New York.
Parker, S. R., Marriott J. A., Personnel Forcecasting Strategic Workforce Planning — A Proposed
Simulation Cost Modeling Methodology.

o 16" International Symposium on Military Operations Research (ISMOR), September '99,
Shrivenham, Swindon, Wiltshire, (London) UK.

o 31 Winter Simulation Conference (WSC), December '99; “WSC ‘99 Proceedings”, Phoenix, AZ.

o “PHALANX”", The Bulletin of Military Operations Research, Vol. 33, No. 4, December 2000.

17



Presented at the ICEAA 2026 Professional Development & Training Workshop - www.iceaaonline.com/nfk2026

ACKNOWLEGEMENTS

Appreciation and acknowledgments - Lisa Keller, for her direct support and contributions in the data
management of this model, particularly calculations of the weighted average salaries applied to STEM &
non-STEM personnel. Patrick Ball for his contributions adding consistency in providing personnel data
helping to secure the statistical accuracy of the model. Jason Tran for his contributions in validation of
model results.

AUTHOR BIOGRAPHY

Dr. Stephen Parker is a recently retired Senior Federal Government Civilian working within the Intelligence
Community. He has over 35+ years’ experience in Operations Research with specialty in Modeling &
Simulation with applications to Workforce; Production & Manufacturing including Advanced Planning &
Scheduling, Supply Chain, Engineering Econometrics and Risk Management. He earned a B.S. degree in
Engineering from the United States Military Academy, West Point, New York; a Master’s degree in
Industrial Engineering (Operations Research) from Texas A&M University, College Station, Texas; and a
Ph.D. in Industrial Engineering (Modeling & Simulation) from Purdue University, West Lafayette, Indiana.
The author is a Certified & Registered Professional Engineer (Virginia). A Corporate ‘Vanguard’ award
recipient, recognized for innovative strategic contributions and advancements to Corporate Engineering
Modeling & Simulation. DAWIA ACQ Level Ill BCE Certification. Published/presented numerous refereed
(national/international) technical papers.

18





