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Need for Operational Estimates

Operations Planning Framework

Data Management

Time Series Modeling and Demonstration

Summary of Results
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Outline

Check out our

Long-Form Research Paper!

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



How does your agency estimate resource needs 
for operations programs to inform budget 

requests?
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Unnecessary Funding Risks 

▪ Problem: Typical budgeting approaches for operations programs1 rarely apply 
data-driven cost estimating practices. This deficiency introduces unnecessary risk 
to cost growth and complicates long-term strategic planning.

▪ Realized Risks2

▪ O&S costs are about ____ percent of a system’s total life-cycle cost. 

▪ DoW reviewed 25 operations programs 

▪ How many programs with critical cost growth? __

▪ How many programs was the DoW unable to make a cost growth determination? __

1. Operations programs: ongoing or recurring programs generally without fixed start and end dates, the supporting programs 

to current and future acquisitions, the programs necessary to maintain buildings and assets, programs to enable production 

activities, or programs to sustain major investments. Operations and sustainment programs, O&S.

70%

7 

9

5

2. GAO-24-107378. Weapon System Sustainment: DOD Identified Operating and Support Cost Growth but Needs to Improve the Consistency and Completeness of 

Information to Congress. 
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Streamline with Time Series Analysis

▪ Time series analysis is a set of 
statistical tools, including time 
series models, for modeling 
temporal patterns and estimating 
relationships involving variables 
that are observed over time.

▪ Operations programs’ actual costs 
characteristics

▪ Consistent (implying stable scope)

▪ Chronological

▪ Span multiple intervals
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Framework for Planning Operations Resources

1
Data management

2
Time series modeling

3
Communication
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• Connect and merge data 

sources

• Analyze operations 

programs’ characteristics

• Condition time series 

data

• Forecast costs with 

classical models

• Test the accuracy of 

models

• Visualize historical costs 

and conditioned costs

• Document assumptions

• Flag risks to accelerate 

analysis
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Exemplar Agency
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Federal Research & Logistics Administration (FRLA)

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



Data Management – Data Sources

Data Management
Time Series 

Modeling
Communication

Data Sources
Element 

Specification
Conditioning
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Data Sources

Actual Costs

▪ Actual costs are what 
we forecast with time 
series models; 
sourced from actual 
program reporting
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Data Sources

Actual Costs

Obligations

▪ Actual costs are what 
we forecast with time 
series models; 
sourced from actual 
program reporting

▪ Obligations are the 
funds appropriated 
and obligated in the 
fiscal year.
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Data Sources

Actual Costs

Obligations

Beginning Obligations (Uncosted)

▪ Actual costs are what 
we forecast with time 
series models; 
sourced from actual 
program reporting

▪ Obligations are the 
funds appropriated 
and obligated in the 
fiscal year.

▪ Uncosted funds for 
this example are 
funds obligated in 
prior years but not 
spent (ignoring 
encumbrance and 
unobligated funds for 
simplicity)
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Data Sources

Actual Costs

Obligations

Beginning Obligations (Uncosted)

Initial Cost Plan

▪ Actual costs are what 
we forecast with time 
series models; 
sourced from actual 
program reporting

▪ Obligations are the 
funds appropriated 
and obligated in the 
fiscal year.

▪ Uncosted funds for 
this example are 
funds obligated in 
prior years but not 
spent (ignoring 
encumbrance and 
unobligated funds for 
simplicity)

▪ Initial cost plans are 
submitted at the start 
of the fiscal year for 
the year of execution
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Data Management – Element 
Specification

Data Management
Time Series 

Modeling
Communication

Data Sources
Element 

Specification
Conditioning
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Suitable Elements for Time Series Analysis
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▪ Suitable series for time series analysis are generally consistent, chronological, and span multiple 
intervals
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IT Program Lower-Level Costs

16

▪ Can costs be predicted at lower fidelity within the IT program?
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Facilities/Building Operations Lower-Level Costs
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Corrective Maintenance Detailed Costs 1/3
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▪ Negative monthly costs might be canceled purchases
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Corrective Maintenance Detailed Costs 2/3
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▪ What is driving the spike in FY25, and will it happen again?
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Corrective Maintenance Detailed Costs 3/3
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▪ Storm Damage Repairs is a temporary element of this program
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Data Management – Conditioning

Data Management
Time Series 

Modeling
Communication

Data Sources
Element 

Specification
Conditioning
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Condition Data
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▪ Conditioning data ensures models are not impacted by data that does not reflect future planned 
activities. 
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Time Series Modeling

Data Management
Time Series 

Modeling
Communication

Data Sources
Element 

Specification
Conditioning
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Classical Time-Series Models

24

ARIMA ETS Linear

Description ARIMA (Autoregressive Integrated 

Moving Average) modeling is one 

of the most common methods for 

forecasting time series data. It 

integrates Autoregressive modeling 

and Moving Average modeling, 

and it relies on past time series 

data.

ETS (Exponential 

Smoothing) models use 

exponential smoothing methods 

and produce forecasts as 

weighted averages of past 

observations, with the weights 

weakening exponentially as the 

observations get older.

Linear regression models aim to 

describe the relationship between 

an outcome variable and one or 

more predictor variables. In our 

univariate time series forecasting 

applications, time itself is the sole 

predictor.

Strengths ARIMA models can control for 

seasonality

Accommodates non-stationary 

data

Easy to interpret and 

communicate; most intuitive 

results

Weaknesses Requires data to be stationary; 

difficult to communicate

Harder to interpret than linear 

models and generally similar 

results to ARIMA models

Unable to recognize 

seasonality; cannot recognize 

changes in historical trends

More on ARIMA: “Re-Tooling the Estimator’s Approach to Escalation Forecasting” (Bell, Cronin, Wells, 2025) 

▪ Time series models predict future values based on previously observed data
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Model Accuracy Tests

Mean Absolute Error (MAE)
Mean Absolute Percentage Error 

(MAPE)

Mean Absolute Scaled Error 

(MASE)

Formula
1
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𝑛 − 𝑚

σ𝑖=𝑚+1
𝑛 𝑦𝑖 − ො𝑦𝑖−𝑚

Interpretation

Quantifies the average absolute 

difference between the predicted values 

and the actual values

Measures average forecast error as a 

percentage of actual values

Measures forecast accuracy relative 

to a naïve benchmark; ideally 

significantly less than 1

Strengths

• Easy to understand

• Error values are in the same units as 

the original data

• Robust to outliers

• Scale-independent

• Intuitive percentage interpretation

• Comparable across different series

• Works with zero and negative 

values

• Directly indicates improvement 

over baseline

Weaknesses

• Small penalties to large errors

• Treats over- and under- estimation 

equally

• Unstable when vales are near zero

• Biased toward series with low 

values

• Misleading for volatile cost data

• More complex to explain

• Requires definition of a naïve 

benchmark
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▪ Preprogrammed statistical tests automatically assess the historical accuracy of each model
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Dashboard Demo

Data Management
Time Series 

Modeling
Communication

Data Sources
Element 

Specification
Conditioning
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Federal Research & Logistics Administration (FRLA)
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Conclusions

40
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Summary of Results

▪ Forecasts are driven solely by the program’s past spending
▪ Incorporate hybrid models leveraging work from Bell, Cronin, and Wells (ICEAA 

2025)

▪ Add multi-variable regression models

▪ Models may become outdated and misrepresent historical trends into 
the future
▪ Track model performance and adjust forecasting methods

▪ Establish feedback loops

▪ This framework only targets operations programs
▪ Extend framework to programs with distinct starts and ends

41
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Thank you!

Questions?
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Abstract

43

In budget constrained environments, federal organizations must budget efficiently and effectively to minimize waste 
and maximize mission delivery. Easier said than done, these organizations routinely face challenges with moving 
pieces and interdependencies. That said, federal organizations can often leverage historical budget and spending 
trends to streamline how they plan their resource needs for operations programs, which are rarely supported by a 
formal estimate and are without fixed start/end dates. 

This paper demonstrates the use of time series modeling techniques to forecast future operational costs to benchmark 
funding requests to Congress. Operations activities present a unique opportunity to leverage historical cost data 
because they generally exhibit predictable cost patterns both backwards and forwards. These conditions combined 
with robust data collection and management processes enable cost forecasts to be partially automated, which gives 
agencies an efficient and data-driven basis to level set their budget requests.

Track:  Analytical Methods (AM06)

Keywords: Benchmark, forecast, predict, time series, automate, model, budget, plan, resource, 

cost, spend, streamline
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