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[bookmark: _Toc449965670]Purpose

[bookmark: _Ref445795899]The purpose of this document is to provide FAA program office cost analysts, financial analysts, and program analysts with a reference document that complements the Government Accountability Office (GAO) Cost Estimating and Assessment Guide[footnoteRef:1]. The FAA has adopted GAO’s cost estimating best practices. This document provides additional information needed to support cost-estimating requirements outlined in the FAA Acquisition Management System (AMS) as well as information on FAA-unique processes, documentation, and data sources. [1:  GAO Cost Estimating and Assessment Guide, GAO-09-3SP, March 2009] 

 
The FAA AMS emphasizes certain principles that significantly influence the cost analyst’s task. For example, AMS places emphasis on: (1) the full life cycle partnership between the acquisition and operational workforces; (2) a comprehensive analysis of viable and feasible alternative solutions to shortfalls and/or technological opportunities; (3) stable cost, schedule, risk, and benefit program baselines; and (4) unified agency planning, budgeting, and execution within a long-range strategic framework.

These principles mean that cost estimates generally will be in life cycle terms. It also means that a program office will have to prepare and present estimates at major decision points in the AMS life cycle of a program, such as during concept and requirements definition, during investment analysis, or at a breach to the established program baseline. The cost estimate is a major consideration when decision makers must choose among competing alternatives for limited resources or whether a program exceeding its baseline warrants further investment. The cost estimate and the budget it supports are the traditional “yardsticks” by which program affordability, progress, and success are measured[footnoteRef:2]. It is essential that cost estimates accurately reflect an acquisition’s financial and resource requirements. [2:  FAA Acquisition Baseline Management Standard Operating Procedure] 


It is also a GAO best practice to maintain the cost estimate throughout the program’s lifecycle. The cost analyst should update the estimate anytime there is a requirements change or contract modification as well as when actual cost performance data is collected. The analyst should document any changes in the program’s lifecycle cost and the reason for those changes. This not only allows the FAA to better estimate the cost to complete the program, but also to take quicker action to correct variances. It further allows the FAA to better assess the accuracy of program estimates and take steps to improve estimates for future programs.

It is important very early in the cost estimating process to develop a program schedule. The program schedule ensures everyone understands both the dates for major milestones and the activities required to execute the program. A program schedule provides the basis to develop a time-phased lifecycle cost estimate. A schedule also serves as an essential basis to manage tradeoffs between cost, schedule, and performance.

[bookmark: _Toc387457547][bookmark: _Toc253747831][bookmark: _Toc278285521][bookmark: _Toc449965671][bookmark: _Ref448813076]FAA Appropriation Categories[footnoteRef:3] [3:  FAA Order 2500.8, Funding Criteria for Operations, Facilities and Equipment (F&E), and Research, Engineering and Development (R,E&D) Accounts, 10/01/06] 


[bookmark: _Ref445795106]The comparison of the cost estimate to a budget determines if an acquisition is affordable[footnoteRef:4]. Thus, there is a need to categorize cost estimates by budget category. For a government agency, this means cost estimates are presented by appropriation, since that is how Congress allocates money to agencies. The FAA has four appropriation categories: Research, Engineering & Development (RE&D), Facilities & Equipment (F&E), Operations (OPS), and Airport Improvement Program (AIP). [4:  Investment Analysis Process Guidance, http://www.ipa.faa.gov/index.cfm] 


The RE&D account funds research, engineering, and development programs to improve the NAS by increasing its safety, security, productivity, capacity, and environmental compatibility to meet the expected air traffic demands of the future. FAA R&D programs fall into the categories of "basic research," "applied research," and "development". The FAA funds R&D programs on a project basis. This account also funds direct federal salaries and benefits as well as related costs of FAA personnel implementing projects funded by the RE&D account.

The F&E account generally provides for the capital investment by funding procurement and installation of new equipment, facilities, software systems, and construction projects included in the Capital Investment Plan (CIP). Projects include the construction, purchase, or lease of facilities, land, or equipment, as well as installation, testing, and software acquisition or development. The FAA also uses F&E funds for Tech Refresh (TR) and Service Life Extension Programs (SLEP). This account funds direct federal salaries and benefits as well as related costs of FAA personnel implementing programs funded by the F&E appropriation.

The OPS account funds administration, operation, repair, and maintenance of FAA facilities and equipment. It finances personnel and support costs of operating and maintaining the air traffic control system, flight service facilities, navigation and landing aids, as well as regulatory and inspection activities which provide for the safety and security of aircraft, flight procedures, and electronic signals from ground-based equipment.

The AIP provides grants to public agencies and, in some cases, to private owners and entities, for planning and developing public-use airports that are included in the National Plan of Integrated Airport Systems (NPIAS).
[bookmark: _Toc104622030]
[bookmark: _Toc278285524][bookmark: _Toc449965672][bookmark: _Toc253747793]GAO Cost Estimating 12 step process 

All cost estimates should meet the following GAO characteristics of a high-quality cost estimate1:

Well Documented: Cost estimates should be supported by detailed documentation that describes the purpose of the estimate, the program background and system description, the scope of the estimate, the ground rules and assumptions, all data sources, estimating methodology and rationale, and the results of the risk analysis. Moreover, the cost estimate should capture this information in such a way that another analyst can trace the data used to derive the estimate back to their sources.

Comprehensive: The cost estimates should include costs of the program over its full life cycle, provide a level of detail appropriate to ensure that cost elements are neither omitted nor double-counted, and document all cost-influencing ground rules and assumptions.

Accurate: 	The cost estimate should be based on an assessment of most likely costs (adjusted for inflation), documented assumptions, and historical cost estimates and actual experiences on other comparable programs. The cost analyst should check the estimate for accuracy, double counting, and omissions. 

Credible: 	The cost estimates should discuss any limitations of the analysis because of uncertainty, or biases surrounding data or assumptions. The cost analyst should conduct a risk and uncertainty analysis to determine the level of risk associated with the estimate. Further, the analyst should crosscheck the estimate’s results using an independent estimating approach.

[bookmark: _Ref445792923]Figure 1 displays the twelve (12) step standard cost estimating process1. The following sections describe each step. The required depth and extent of each step is dependent upon the relative size of the proposed acquisition, cost uncertainty, and requested investment decision[footnoteRef:5].  [5:  Business Case Analysis Guidance, Appendix A: Business Case Requirements, http://www.ipa.faa.gov/index.cfm] 


[bookmark: _Ref452028779]Typically, the large dollar size, complex, and least certain investments will require significant effort, while acquisitions with smaller levels of investment and less uncertainty are addressed satisfactorily with less effort. Additionally, at the Final Investment Decision (FID), the cost analyst updates the cost estimate for the alternative selected at the Initial Investment Decision (IID) with vendor proposal data supplied in response to a solicitation as instructed in Acquisition Management Policy, Section 2.5.1[footnoteRef:6]. Based on the quality and variation in the responses, the program office may use a single industry response or some combination of multiple responses, ideally including adjustments from the source selection cost evaluation team, to form the basis for the final business case and Acquisition Program Baseline (APB) or Execution Plan, depending upon the acquisition category (ACAT). [6:  FAA Acquisition System Toolset (FAST), http://fast.faa.gov/] 


[image: ]

[bookmark: _Toc449425636]Figure 1: Cost Estimating 12 Step Process

[bookmark: _Ref449344303][bookmark: _Ref449344308][bookmark: _Toc449965673][bookmark: _Toc370453628][bookmark: _Toc387460441][bookmark: _Toc253747833]Define Estimate’s Purpose

One of the first things a cost analyst should determine is the ultimate use, or purpose, of the estimate. Knowing how decision makers will use the estimate helps to shape its development. It is particularly helpful in deciding which elements of cost to include in the estimate and in understanding the level of detail required. The level of detail required can affect the type and amount of data needed and analyzed significantly. An estimate conducted at a lesser level of detail generally requires less data than an estimate conducted at a greater level of detail.

The Joint Resources Council (JRC) makes corporate level investment and resource allocation decisions based on a business case analysis prepared by an Investment Analysis Team (IAT). Each investment program is designated an ACAT to ensure the appropriate level of analysis and oversight. The ACAT definitions are located on the FAA Acquisition System Toolset (FAST) website6.

The required fidelity of a cost estimate varies by ACAT as well as by the investment decision point. Cost analysis requirements for an Investment Analysis Readiness Decision (IARD), Initial Investment Decision (IID), or Final Investment Decision (FID) are different. For example, cost estimates for an Initial Investment Decision (IID), while as rigorous as the program data is mature, are generally not as detailed as for a Final Investment Decision (FID), which should incorporate vendor proposal cost estimates. Appendix A in the FAA Business Case Analysis Guidance details the cost estimating requirements by ACAT and investment decision point5.

A contract specific Independent Government Cost Estimate (IGCE) is required for all for all procurements of $10 million or more (see Acquisition Management Policy, Section 3.2.1.4.2 Chief Financial Officer Approval6). The cost analyst will prepare an IGCE for the preferred alternative prior to issuing the final Screening Information Request (SIR). The IGCE is a subset of the Life Cycle Cost Estimate (LCCE) limited to the scope of the work in a single contracting action. Other FAA costs (i.e., those goods and services that the FAA will not purchase from the vendor, such as government program management and organic maintenance and second level engineering) are part of the LCCE but excluded from the IGCE. 
 
[bookmark: _Toc278285529][bookmark: _Ref449344613][bookmark: _Toc449965674]Establish Team and Develop Estimating Plan

[bookmark: _Toc449965675]Cost Estimating Team

The exact size and composition of the estimating team will depend on the type of procurement and the time and resources available to produce the estimate. The cost estimating team will consist primarily of representatives from the line of business with the need, program office staff and engineers, cost analysts, and representatives from Technical Operations (TechOps). Ideally, the estimating team should be multidisciplinary, including people with expertise across the system lifecycle, engineering, software, acquisitions, training, support, and scheduling.

Structuring the optimal estimating team involves careful consideration of the capabilities of available resources in light of the estimating task. The program office should assign participating organizations responsibilities formally at appropriate levels of management, with clear specification of the task and the schedule for its accomplishment and review. Similarly, each team member should know the areas of responsibility of all of the other members of the team.

It is important that the program office properly resources the cost estimating team. Developing a lifecycle cost estimate for a major program is a significant project in its own right. Under resourced teams often have significant trouble keeping up with the demands of project management, data collection, model development, risk analysis, etc. and fall into a “fire drill” mode of responding to issues as they arise rather than developing a deliberate and thorough estimate using sound project management techniques.

[bookmark: _Toc278285528][bookmark: _Ref445797364][bookmark: _Toc449965676]Cost Estimating Plan

The cost-estimating plan is the project management plan for the cost estimating effort. The cost estimate plan should include:

The purpose of the cost estimating effort;
Identification of the estimates to be developed;
The required cost estimation tasks;
Schedules and resource requirements for each task;
The methodologies and data sources available to derive the cost estimate; 
The cost deliverables and expected completion dates; 
The review process; and
Team composition and the roles and responsibilities of each team member.

The cost analyst should be afforded adequate time to develop a competent estimate. Planning insufficient time to complete the estimate leads to rushed, low quality initial work that requires significant rework during the review process. Ultimately, this can lead to delays in the milestone decision and more workload for both the cost analyst and the reviewers than if the program office allowed sufficient time at the outset.

Appendix A provides a template for the cost-estimating plan. The cost analyst will have to tailor the contents of the cost-estimating plan to the specific objectives and requirements of the program. For example, some programs will not have a legacy sustainment case or alternatives based on their ACAT.

[bookmark: _Toc449965677]Cost Estimating Checklist

The cost-estimating checklist includes all of the major milestones in the cost estimating effort. The checklist assists the program office with planning the cost estimating effort and tracking progress, as well as serving as a guide for the review of the cost estimates by IP&A. The checklist may be refined throughout the cost estimating process but the effort should not be shortcut. Efforts to save time by skipping or shortchanging important activities usually lead to compensatory delays during the review process.

See Appendix B for an example of a cost-estimating checklist.

[bookmark: _Toc442943953][bookmark: _Toc442943954][bookmark: _Toc442943955][bookmark: _Toc442943956][bookmark: _Toc442943957][bookmark: _Toc442943958][bookmark: _Toc442943959][bookmark: _Toc442943960][bookmark: _Toc442943961][bookmark: _Toc442943962][bookmark: _Toc442943963][bookmark: _Toc442943964][bookmark: _Toc442943965][bookmark: _Toc442943966][bookmark: _Toc442943967][bookmark: _Toc442943968][bookmark: _Toc442943969][bookmark: _Toc442943970][bookmark: _Ref449344407][bookmark: _Toc449965678]Define Program Characteristics 

It is impossible to produce a credible cost estimate of an acquisition that does not have an adequate technical and programmatic description. Under AMS, a program office uses a number of documents produced throughout the AMS lifecycle to describe the system. 

The Shortfall Analysis Report (SAR), Program Requirements Document (PRD), Concept of Operations (CONOPS), range of alternatives, Implementation Strategy and Planning Document (ISPD), acquisition strategy, and contract Statement of Work (SOW) are excellent references for understanding the technical characteristics of the program. The program’s Risks, Issues, and Opportunities (RIO) risk documentation also provides valuable information on risk mitigation activities that are part of the program’s scope of work.

The task of developing a cost estimate becomes much more difficult when the technical and programmatic description of the program is not stable. Common issues include shifting requirements, poorly defined alternatives, and unclear implementation strategies. These lead to constant rework in the estimate, which distracts from the deliberate process of developing and validating an estimate and can lead to delays in the program’s decision point.

[bookmark: _Toc278285534][bookmark: _Toc449965679]Program Requirements Document

During the Concept & Requirements Definition (CRD) phase, the analysis team develops the preliminary SAR. The SAR is the basis for the program requirements, which the analysis team documents in the preliminary PRD. The analysis team updates the PRD at each AMS decision milestone. The PRD contains a large amount of information essential to the development of the cost estimate: 

· Functional and performance requirements
· Integration requirements
· Security and safety requirements
· Quality management requirements
· Test & evaluation requirements
· Implementation & transition requirements
· In-service support and management requirements

The program office will further develop the integration requirements defined in the PRD as the program approaches FID. These requirements may take the form of a Memorandum of Understanding (MOU), Project Level Agreement (PLA), or Interface Control Document (ICD). While not part of the PRD, these documents provide important information on the scope of the interface between systems.

[bookmark: _Toc449965680]Range of Alternatives

The analysis team develops the Range of Alternatives during the CRD phase. The Range of Alternatives provides a technical description of the legacy case, the capabilities of the new systems, as well as each of the alternatives. It is important that the alternatives are technically feasible and diverse enough to span the trade space of possible solutions to the program’s requirements. Alternatives will normally include options such as legacy system enhancement, new system development, and commercial off-the-shelf (COTS) acquisition. 

During Initial Investment Analysis, the alternative descriptions are updated to include more detailed technical descriptions based on market surveys and further engineering analysis that provide cost and benefits estimators with an understanding of what is being proposed. With input from program office engineers, an FAA cost estimating “best practice” is for the program office, cost analysis team, and benefits analysis team to work collaboratively to develop a program description that meets all of their needs. This will help ensure that the resulting cost and benefit estimates are an “apples to apples” comparison
[bookmark: _Toc370450564][bookmark: _Toc387458245][bookmark: _Toc253747837] 

[bookmark: _Toc370450567][bookmark: _Toc387458248][bookmark: _Toc253747818][bookmark: _Toc278285537][bookmark: _Toc449965681]Implementation Strategy and Planning Document

The analysis team develops the initial ISPD during the Initial Investment Analysis (IIA) phase and the final ISPD during the Final Investment Analysis (FIA) phase. The ISPD can have a significant effect on both the production and O&M cost estimates. This ISPD provides details on the maintenance concept, support equipment, spares, data, and training, as well as indirect support costs. 

[bookmark: _Toc278285538][bookmark: _Toc449965682]Acquisition Strategy

The acquisition strategy defines how the program plans to acquire the goods or services specified in the program requirements. Common issues addressed in the acquisition strategy are “competition versus sole source”, “multi-year”, and “lease versus buy” procurements. The procurements strategy will also define the contract types to be used (firm-fixed priced, cost plus, and time and materials) and the proposed fee structure. Often programs will use multiple contract types and acquisition strategies. The acquisition strategy should clearly define where the program office plans to employ each approach and the method for calculating fees, as the contract type and fee structure affects the cost estimate as well as the risk analysis. Acquisition Management Policy, Section 3.06 provides more information on contracts and acquisition strategy.

[bookmark: _Toc449965683]Statement of Work

The contract SOW, commonly Section C of a Screening Information Request (SIR), provides the description of the work to which the vendors are going to bid. The SOW will contain details about the prime vendor work such as tasks, deliverables, Government Furnished Equipment/Property/Information (GFE/GFP/GFI), travel requirements, place and period of performance, special material requirements, as well as other requirements.

[bookmark: _Ref449345272][bookmark: _Toc449965684]Determine Estimating Structure

[bookmark: _Toc278285546][bookmark: _Toc449965685]Work Breakdown Structure

An estimate needs a structure for collecting and displaying life cycle costs. For organizations like the FAA that have a large volume of acquisition programs, there is a distinct advantage to having a standard approach for describing those acquisitions. All parties involved in the effort can refer to a common language for describing the entire system. A standard work breakdown structure (WBS) facilitates assimilating data in a format useful for preparing future estimates and comparability studies. A common WBS also helps to ensure that the program office has considered all the elements typically required for a system development.

FAST archives the current FAA Standard Work Breakdown Structure6. The analyst will have to decide at which level in the WBS to construct the estimate based on the level of detail available for the program and the estimating methodologies that are available. For instance, if the program has a well-defined physical architecture, there will be numerous levels in the WBS reflecting components of the system and the analyst can employ estimating methodologies at a more granular level of detail. If, on the other hand, the system is still in a conceptual phase, the analyst may need to use an analogy-based estimate and work at a more aggregated level of detail.

The WBS level at which the cost analyst will develop the estimate is defined in the cost estimating plan and will vary by program ACAT and milestone decision. The estimate may also have varying levels of detail across the WBS. The cost analyst should start with the FAA standard WBS and decompose WBS elements as needed. As an example, the estimate may decompose 3.1.2 “Prime Mission Product Software” into the major software components but estimate 3.4 “Flight Standards, Regulations, and Rulemaking” as a whole. It is also important that the WBS decomposition in the cost estimate and the schedule match so that the cost and schedule analysts can confirm alignment of their estimates (see Section 2.7.5.1 for details on the cost-schedule crosswalk).

[bookmark: _Toc278285547][bookmark: _Toc449965686]WBS Dictionary

The WBS dictionary provides definitions for each of the WBS elements. The WBS dictionary facilitates communication between the cost analysts and subject matter experts supporting the estimate, as well as with users of the cost estimate. The FAA includes a WBS dictionary with the standard Work Breakdown Structure6.

[bookmark: _Toc278285548][bookmark: _Toc449965687]Best Estimating Method for Each WBS Element

Selecting estimating methodologies is probably the most difficult part of the cost-estimating project since the selection of a methodology is dependent on the availability of data. When choosing an estimating methodology, the analyst should keep in mind that he or she is forecasting future costs based on a logical extrapolation of data that is currently available. In fact, the amount and quality of data available often dictate the estimating approach. 

There are four generic cost-estimating methods: expert opinion, analogy, parametric, and engineering build-up. The expert opinion method is the least desirable since there is no audit trail and the solicitation of expert opinions is not repeatable, meaning conducting the same solicitation multiple times may lead to different results. However, the cost analyst may need to use this approach for some WBS elements in early phases of the program when the technical characteristics of the new system are not well defined.

The analogy cost estimating method uses actual cost performance on similar programs to estimate future costs. The analogy method is data-driven and provides a clean audit trail. However, analogies may require subjective adjustments based on differences between the analogy and the new system and the approach cannot easily account for specific design features of the new system.

Parametric estimating projects the cost of the new system or component based on a cost estimating relationship (CER). A CER is a statistical relationship between one or more parameters of a system or component and cost derived from a database of similar programs. Parametric estimating is data driven, auditable, and repeatable but requires more data than other methods, which the cost analyst should thoroughly analyze for consistency and accuracy.

The engineering build-up approach is more common as a system is better defined. An engineering build-up projects cost by considering the costs of all of the subcomponents of the system and activities required (e.g. hardware, software, labor, overhead, etc.). An engineering build-up is time consuming but can be the most accurate and defensible approach when the cost analyst takes care to obtain quality input data.

In any estimate, it is typical to employ a variety of estimating methods. A program early in life cycle may use analogy or parametric methods to estimate the majority of its content. Even so, for those elements that have adequate technical definition, the estimating methodology may make use of a build-up approach based on staffing levels or catalog pricing.

A program approaching a FID will use an engineering build-up methodology that relies on the use of vendor quotes and proposal data to estimate prime vendor costs. While “bottom up” methods may be predominant at FID, the analyst also may employ parametric methods or analogies to estimate items such as government program management and systems engineering, maintenance, support equipment, data, or training. Historical factors, which are CERs that estimate the cost of one WBS element based on the cost of another WBS element (e.g. systems engineering cost as a percentage of hardware and software development costs), are a special class of parametric estimating techniques that can be particularly useful for those cost elements.

The GAO Cost Estimating and Assessment Guide, Chapter 11, Developing a Point Estimate1 includes further discussion on cost estimating methodologies and their advantages and disadvantages.

[bookmark: _Toc278285550][bookmark: _Ref445797412][bookmark: _Ref449345361][bookmark: _Toc449965688]Identify Ground Rules and Assumptions

After learning how the estimate is to be used, the characteristics of the program, and the level of detail required, the cost analyst is in a better position to establish major ground rules and assumptions (i.e., the conditions upon which an estimate will be based). The list of ground rules and assumptions is unique for each program and can include, but is not limited to:

· What is “in” and what is “not in” the cost estimate (scope of the estimate);
· Base year, time-phasing, and life cycle;
· Program schedule by phase, including major technical reviews, program milestones, test events, key site implementation, and waterfall dates;
· Procurement quantities;
· Acquisition strategy;
· Schedule and budget constraints;
· Government Furnished Equipment (GFE), Information (GFI), or Property (GFP);
· Scope and frequency of TR and SLEP initiatives for both the alternatives and the legacy case;
· Commonality with legacy systems and possible savings;
· Dependencies on or with other programs;
· Plan for Transition to Operations & Maintenance (TOM); and
· Pricing and cost assumptions (e.g. use of prior contract labor or hardware costs).
 
Refer to the GAO Cost Estimating and Assessment Guide, Chapter 9, Ground Rules and Assumptions1 for more help identifying relevant ground rules and assumptions. 

[bookmark: _Toc442943985][bookmark: _Ref445797383][bookmark: _Ref445797405][bookmark: _Ref448901733][bookmark: _Toc449965689]Obtain the Data

The key to data collection and analysis is to narrow the focus in order to achieve a viable database in the time available. Data collection should be organized, systematic, and well documented to permit easy updating. A “best practice” is to create a data collection plan with emphasis on collecting current and relevant technical, programmatic, cost, and risk data. A data collection plan lists the data required for each WBS element based on its estimating methodology, the data sources that will be used, a point of contact for the data, and the schedule for acquiring that data. The data collection plan is a working product that will become part of the estimate’s documentation at completion, the Basis of Estimate (BOE).

Table 1 provides a summary of the types of data that the cost analyst will collect during a cost estimating effort. Each of these data sources should be included in the data collection plan and captured in the BOE.

[bookmark: _Ref449340571][bookmark: _Toc449425634]Table 1: Types of Data Sources
	Data Element
	Description

	Labor Rates
	Industry and/or contract-specific direct and indirect labor rates.

	Labor Hours
	Industry and/or contract task standards or build-ups (e.g., contractor proposal, analogous program, and engineering assessments).

	Material/Subcontracts
	Material, purchased parts, and subcontracted items (e.g., vendor quotes, negotiated subcontracts, and catalog prices).

	Cost Improvement Curves
	Predictions of improvements in touch labor efficiency, including any special applications such as breaks in production.

	Factors and Cost Estimating Relationships (CERs)
	Equations that relate the cost of one or multiple WBS elements to another WBS element or to one or more characteristics of the system under analysis.

	Inflation Indices
	Factors used to convert historical data or base year estimates to then-year dollars.

	Subject Matter Expert (SME) Input
	Inputs from program office or other experts that cannot be tied to a source document.



By FID, vendor proposal data will be the basis for the prime vendor costs. However, quotes and proposal data require analysis and possible adjustment before the cost analyst can use them for estimating purposes. The cost evaluation team will typically conduct this analysis during the source selection process and document their findings in the Qualitative and Quantitative Assessment (Q&Q). The Q&Q is an essential part of the BOE. Additionally, the program office may be required to make changes to the vendor quotes or proposal data based on changes to the external constraints on the program, such as affordability or schedule. The cost analyst needs to document the methodology and rationale for any changes in the BOE as well.

At earlier decisions, the cost analyst will have to develop estimates for all costs. Even at FID, the cost analyst will still have to develop estimates for the non-prime costs. A number of data sources are available to support this, both internal to the FAA and external. Table 2 lists some of the more common sources.

[bookmark: _Ref445457357][bookmark: _Toc449425635]Table 2: Available Data Sources
	Software

	“Software Development Cost Estimating Guidebook”, Software Technology Support Center Cost Analysis Group, October 2010

	Hardware

	GSA Global Supply Catalogs, http://www.gsa.gov/portal/category/21345

	Vendor price sheets, quotes, and proposal data

	Inflation

	IP&A inflation guidance (Economic Factors workbook)4

	Labor Costs

	Forward Pricing Rate Agreements

	Alliant Contract Pricing, General Services Administration, http://www.gsa.gov/portal/content/103877

	FedScope, U.S. Office of Personnel Management, http://www.fedscope.opm.gov/

	Pay & Benefits, U.S. Office of Personnel Management, https://www.opm.gov/policy-data-oversight/pay-leave/

	Travel

	Per Diem Rates, General Services Administration, http://www.gsa.gov/portal/category/100120

	Facilities Costs

	Terminal Applications List, http://terminalapps.faa.gov/apps/: square footage, facility age, equipment, location, etc.

	Real Estate Management System, https://rems.faa.gov/

	RSMeans, https://www.rsmeans.com/: cost data as well as productivity, overhead, and profit rates

	Historical Costs

	Cost Accounting Branch, AFO-330
•	Cost Accounting System (CAS): OPS/F&E projects, flight inspection services, second level engineering (SLE), program management (PM), leases
•	Telecommunication Information Management System (TIMS)
•	Federal Telecommunications Infrastructure Integrated Financial Management System (FTI IFMS)
•	Logistics Information System (LIS): parts costs

	Earned Value Management (EVM) reporting

	Post Implementation Review (PIR) reports

	Baseline Change Decision (BCD) documentation

	General

	International Cost Estimating and Analysis Association (ICEAA) journals and conference proceedings

	Other professional society journals or industry publications



For each data source listed above, the cost analyst should evaluate the data for accuracy, consistency, completeness, and applicability. Even good data may not be useful if the system it originates from is not representative of the system being estimated. Characteristics of the system(s) from which the data originate and the system that the cost analyst is estimating that are important to understand are the functional and performance requirements, design considerations (modularity, design for reuse, etc.), technological maturity at the start of development, training concept, test and certification requirements, usage profile, and maintenance concept.

An example of misapplying data would be trying to use commercial software costs as a basis to estimate the development of real-time, safety-critical NAS systems. While the data may be of very high quality, it will not be representative of the software development effort under analysis. Another example would be using hardware costs from a system that is not subject to the same operational availability requirements as a safety-critical NAS system to estimate development and production costs.

Facilities have a number of unique considerations that are important to assessing the applicability of data from prior projects:

•	Square footage occupied by administrative personnel, controllers, and equipment;
•	Percent utilization of space;
•	Power consumption of equipment and utility rates;
•	Peak staff and operational periods;
•	Access to commercial infrastructure (power grids and broadband);
•	Redundancy requirements;
•	Emerging technologies and their effect on future facility requirements;
•	Existing facility shortfalls, new required capabilities, and vision for a future facility; and
•	Other options such as leasing, General Services Administration (GSA) management, etc.

The GAO Cost Estimating and Assessment Guide, Chapter 10, Data provides further guidance on data collection1.

[bookmark: _Toc449965690][bookmark: _Toc278285560]Develop Point Estimate 

This section addresses the steps to complete the point estimate. The steps addressed are: (1) build the cost model; (2) time phasing the estimate; (3) apply inflation; (4) develop the overall point estimate; and (5) validate the estimate.

[bookmark: _Ref448814083][bookmark: _Toc449965691]Build the Cost Model

The task of building the cost model involves implementing the cost estimating methodologies and inputting the data. There are myriad software tools available to facilitate this practice. The most commonly used and widely available program, however, is the electronic spreadsheet. Cost analysts typically use a spreadsheet application, structured by the FAA WBS, to develop their cost estimate. Cost models need to be fully documented, easily understood, and traceable by the reviewer regardless of the tool used. This means that the model should clearly align with the WBS and model documentation, all calculations should be traceable, calculated values should not be hard coded, formulas should not be overly complex, inputs should be organized and easily identifiable, and all changes should be recorded in a change log. Section 2.10, “Document the Estimate” provides more information on cost model documentation. 

As stated before, the WBS is the structure of the estimate. Therefore, no matter what program or tool the cost analysts selects for assembling the estimate, the estimate should clearly trace to the WBS. Within the WBS, the estimate should also capture the funding source (e.g. F&E or OPS). For many in-service management WBS elements, there may be both F&E and OPS funded costs incurred due to the Transition to Operations & Maintenance (TOM). FAA Order 2500.8B describes the situations where F&E funds may be used for maintenance activities in Section 12f3. Note that FAA Order 2500.8B uses the legacy term NAS Plan Hand-off, vice the newer term TOM. 

For a new investment program, the cost analyst should also separate costs associated with tech refresh activities for the new system. These costs will most likely not be part of the program baseline but are part of the lifecycle cost of the system and are important to planning sustainment requirements. The estimate should also separate Activity 5 costs (FAA personnel funded by F&E), which will not be part of the APB or Execution Plan. The estimate should also identify and separate lease costs.

[bookmark: _Toc370453634][bookmark: _Toc387460447][bookmark: _Toc253747860][bookmark: _Toc278285576][bookmark: _Toc449965692]Time Phase the Estimate

Cost estimates reflect tasks that occur over time. Thus the cost estimates will vary over the time period in which the work occurs due to changes in the work required, the personnel (contractor and government) supporting the effort, labor rates, and other factors. For instance, a software development effort will use a smaller team of software engineers during design, will grow and utilize more software developers during coding and unit testing, and then will use fewer personnel during final testing and system integration. 

Time phasing is essential in order to determine resource requirements, apply inflation factors, and assess affordability. The cost analyst should always strive for realistic time phasing based on the program’s schedule.

[bookmark: _904643270][bookmark: _Toc370453635][bookmark: _Toc387460448][bookmark: _Toc253747872][bookmark: _Toc278285577][bookmark: _Toc449965693]Apply Inflation

One of the primary purposes for time phasing estimates is that budget requests require “then year” dollars estimates. A “then year” estimate includes the impact of inflation. In other words, it captures the requirement for funds at the time the program will expend them. 

There are two commonly used terms when discussing inflation. The first term is annual inflation factor. The annual inflation factor gives the increase in costs for a set of goods and services from one year to the next. The second term is compound inflation factor. A compound inflation factor gives the total inflation from a base year to a given year. The compound inflation factors are derived from the annual inflation factors and are the factors used to convert a base year estimate into “then year” dollars.

In any investment analysis, the FAA uses the inflation recommendation of the Office of Management & Budget (OMB)[footnoteRef:7]. The one exception is for labor costs associated with FAA personnel. In this instance, the Office of Labor Analysis (ALA) provides the current inflation information. IP&A provides all of the necessary inflation data, including a consolidated table of compound inflation factors, within the larger “Economic Factors” workbook on the IP&A website4. [7:  Circular A-94, “Guidelines And Discount Rates for Benefit-Cost Analysis of Federal Programs”] 


[bookmark: _Toc449965694][bookmark: _Toc278285578]Develop the Overall Point Estimate

The development of the overall point estimate is simply the summation of the costs associated with the individual WBS elements. The cost analysts should also perform verification on the cost model, ensuring that there are no errors in the model. Common checks include confirming that:

· There is no double counting or omissions within the model;
· Input data has been entered correctly;
· Calculations are correct, straightforward, and trace properly to the input data;
· Summary tabs link correctly to the subordinate tabs;
· External links are correct and functioning; and
· The model contains no hidden, inaccessible, or extraneous data.

[bookmark: _Toc449965695] Validate the Estimate

Validation seeks to determine the reasonableness of and absence of bias in the estimate. This is particularly important when estimates are developed by advocates or other interested parties.
Validation has a number of key elements, including ensuring that:

· The scope of estimate is consistent with the program requirements and, if available, the Statements of Work (SOW) for any related contracts;
· The estimate does not violate any of the ground rules and assumptions;
· The estimate is consistent with historical performance;
· Differences between the current project and past projects have been accounted for and properly documented;
· Costs associated with reuse of existing hardware, software, and or facilities have been accounted for;
· The values of all input parameters are valid and properly documented;
· Additional costs associated with any schedule compression have been included; and
· The program office has written agreements with any external organizations or other FAA programs that fund or perform portions of the work.

[bookmark: _Ref449956875][bookmark: _Toc449965696]Cost-Schedule Crosswalk

One of the major ground rules and assumptions that the cost analyst should validate the cost estimate against is the program schedule. The cost analyst should be sure that the cost estimate aligns with the breakdown and timing of program activities in the point estimate schedule. The cost and schedule analysts document this alignment through a cost-schedule crosswalk. At FID, this involves comparing the fully networked and resource-loaded program schedule against the cost estimate. The crosswalk serves two primary purposes: (1) it ensures that the cost estimate captures all of the identified program activities; and (2) that the time-phased funding requirements captured in the cost estimate align with the program’s schedule. 

[bookmark: _Toc449965697]Independent Cost Estimate

The GAO prescribes that agencies develop an independent cost estimate (ICE) to serve as a quality check against the program office cost estimate. In the FAA, the agency does not develop a formal ICE due to staffing limitations. This independent validation is achieved through a structured review by IP&A, including: (1) periodic reviews with the program office; (2) IP&A Weekly Business Case Reviews; (3) IP&A Managers Quality Checks (QC); and (4) IP&A Director’s Independent Evaluation Reviews (IERs). The IP&A website describes the structure and content of these reviews. 

The ICE is distinct from the IGCE, which Section 2.1 discusses in more detail. A contract specific IGCE is required for certain programs that will include a contract for goods and services. An IGCE is a subset of the Life Cycle Cost Estimate (LCCE) prepared for the preferred alternative prior to issuing the final Screening Information Request (SIR). 

[bookmark: _Toc449965698]Identify Potential Cross-Checks for Likely Cost Drivers

It is a good practice to crosscheck the results generated by the primary estimating tools with alternate methodologies. The practice of crosschecking simply involves the application of an estimating approach other than that selected as the primary method. Typically, the cost analyst performs a crosscheck for those cost elements that contribute heavily to the total estimate or that have high uncertainty, since inaccuracy in these areas will have the largest impact on the estimate.

One particularly valuable crosscheck is the use of historical factors to test the reasonableness of an estimate conducted using another method. For example, a typical estimating methodology for prime contractor program management and systems engineering is a labor build-up. The cost analyst can crosscheck the build-up by comparing the labor build up as a percentage of prime mission hardware and software costs to prior segments or similar programs. This technique is applicable to data, training equipment, and other costs that the cost analyst can convert to a factor of an appropriate program element.

This does not mean necessarily that there will always be a close tolerance between the estimated program and those serving as crosschecks. The estimated program may possess characteristics that require its estimate to be higher or lower than the program(s) used as a crosscheck. When significant differences do exist, it is the analyst’s responsibility to understand them and determine their acceptability. 
 
[bookmark: _Toc278285579][bookmark: _Toc449965699]Conduct Sensitivity Analysis

Sensitivity analysis involves changing key parameters in the cost model to test their effect on cost variation. In order for sensitivity analysis to reveal how the cost estimate is affected by a change in a single assumption, the cost analyst should examine the effect of changing one assumption or cost driver at a time while holding all other variables constant. It is very common to perform sensitivity analysis on the key design cost drivers to see their impact on cost. Sensitivity analysis includes:

· Testing the sensitivity of cost elements to changes in input values and key assumptions;
· Identifying effects of changing quantities and/or program schedule on the overall estimate;
· Assessing which assumptions are key cost drivers and the cost elements that are most affected.

See GAO Cost Estimating and Assessment Guide, Chapter 13 for a discussion on sensitivity analysis.

[bookmark: _Toc278285581][bookmark: _Ref448813534][bookmark: _Toc449965700]Conduct Risk and Uncertainty Analysis

In a cost risk and uncertainty analysis, risk and uncertainty refer to distinct but related considerations. Risk is “the possibility that something bad or unpleasant (such as an injury or a loss) will happen”[footnoteRef:8]. In cost analysis as well as program management, risk generally refers to discrete events. Uncertainty, on the other hand, is “something that is doubtful or unknown”[footnoteRef:9]. Uncertainty is much broader than risk and does not necessarily tie to a specific, discrete event. [8:  Merriam-Webster, http://www.merriam-webster.com/dictionary/risk, 19 April 2016]  [9:  Merriam-Webster, http://www.merriam-webster.com/dictionary/uncertainty, 19 April 2016] 


A program’s RIO risk register documents the risks associated with the program and the assessment of their likelihood and consequence. This data is useful when accounting for the potential impact of a risk on lifecycle costs. The risk register characterizes risks by likelihood and consequence. The cost analyst should account for each discrete risk by associating a probability with the risk, mapping the risk to the affected WBS elements, and quantifying the impact to cost if that risk occurs.

Accounting for uncertainty is much broader but should address all aspects of the estimate, including input variables, cost estimating relationship parameters, and residual uncertainty (the inherent uncertainty in the error term from the cost estimating relationship). When considering uncertainty, there are two major elements - accuracy and precision. Accuracy refers to bias in the cost estimate. Bias is the systemic under or overestimation of input parameters to the cost model, often due to subject matter expert optimism or pessimism. One major example is software size estimates (source lines of code (SLOC), function points (FP), use case points, story points, etc.), which historically grow as the program matures from the concept stage through the design reviews to actual fielding[footnoteRef:10]. Accounting for software size growth is also a best practice in the GAO Cost Estimating and Assessment Guide. Some potential areas of overestimation include subject matter expert estimates for the number of personnel and skill levels needed for software development and testing activities. [10:  Jones, Hardin, “Software Code Growth: A New Approach Based on an Analysis of Historical Actuals,” DNI Cost Analysis Improvement Group, 18 December 2007] 


Precision refers to the possible distribution of the input parameters to the cost model. Since the cost analyst is required to create a risk-adjusted cost estimate, the needed data includes not only the point estimate of each quantifiable physical parameter, but also the distribution of the uncertainty around that parameter. The scope of the risk and uncertainty analysis includes inputs from subject matter experts, historically derived ratios and factors, as well as parameters within cost estimating relationships. 

[bookmark: _Ref448815884]In some cases, the uncertainty may be very small or even zero. However, the relevant issue is the effect that a parameter’s uncertainty has on overall life cycle cost. Either large uncertainty in the parameter itself or a large effect from even small changes in the parameter can drive this effect. The sensitivity analysis will identify the parameters where even small amounts of uncertainty have a large effect. The primary sources for uncertainty associated with individual parameters are program subject matter experts, the RIO risk register, Technology Readiness Assessments (TRA), and Levels of Maturity (LOM)[footnoteRef:11].  [11:  FAA System Engineering Manual, Version 1.1] 


There are several probability distributions available to characterize parameter uncertainty. Cost estimates frequently use the triangular distribution to express parameter uncertainty. The triangular distribution method relies on three basic parameters [minimum, most likely (mode), and maximum] to establish a probability density function. Other options include the normal, lognormal, uniform, and beta distributions. In every case, cost analysts should document the rationale for the distribution and parameters used in the Basis of Estimate (BOE).

With the distribution of physical input parameters known, the next step is to develop the statistical distribution of costs in constant dollars for the full LCCE. An analytical tool, such as Monte Carlo simulation, can produce a distribution of total program costs, from which the analyst selects a high-confidence total LCCE (i.e., 80% confidence that the actual cost will not exceed the estimate during program execution). 

There is also a need to establish separate F&E and O&M cost estimates in order to develop the APB or Execution Plan for JRC approval (see the FAA Guidelines for Conducting Business Case Analysis for more information4). This requires that the cost analyst allocate risk dollars estimated at the LCCE level to the individual WBS elements. There are a number of techniques available to do this allocation. A good resource is the U. S. Air Force “Cost Risk and Uncertainty Analysis Handbook.”[footnoteRef:12] [12:  U. S. Air Force Cost Risk and Uncertainty Analysis Handbook, Air Force Cost Analysis Agency, April 2007] 


A major consideration in the cost risk and uncertainty analysis is the interaction with the schedule risk and uncertainty analysis. Schedule risk can have a major impact on cost. As a result, the cost and schedule analysts supporting a program should align the point estimate cost and schedule (as described in Section 2.7.5.1), as well as the risk adjusted cost and schedule. In other words, the program schedule in the risk adjusted cost estimate should match the risk-adjusted schedule to ensure that the cost estimate fully captures the cost impacts of schedule risk. The cost analyst, along with the schedule analyst, ensures this alignment through a second cost-schedule crosswalk, this time using the risk-adjusted versions of the cost and schedule estimates.

The FAA Guidelines for Conducting Business Case Analysis, Appendix A contains the requirements for a risk-adjusted cost estimate by ACAT and milestone5. 

[bookmark: _Toc278285582][bookmark: _Ref445365448][bookmark: _Ref445365465][bookmark: _Ref449349498][bookmark: _Toc449965701]Document the Estimate

[bookmark: _Toc449965702]Complete the Basis of Estimate

The FAA places great emphasis on complete and understandable documentation of cost estimate results. Complete documentation serves a number of purposes. It allows the FAA cost community to be responsive to its management on queries regarding original cost estimate assumptions, ground rules, methodologies, and data sources when program revisions, cost growth, scope changes, or other perturbations occur. Comprehensive documentation also provides credibility to the cost estimate, enables efficient and effective review internal to the FAA, and supports external agencies that may reference the cost estimate such as the Inspector General (IG) or GAO. It also serves as an important reference for future estimating efforts, such as later decision points, subsequent program segments, or analogous programs.

The cost Basis of Estimate (BOE) documents:

· The purpose of the estimate, cost team, review process, and approving authority;
· Program description, schedule, quantities, acquisition strategy, and technical baseline;
· Ground rules and assumptions;
· Data sources with proper citations and any data normalization techniques, along with cost estimating methodologies for each WBS element;
· Inflation factors;
· Data sources and methodologies used for the risk and uncertainty analysis; and
· Traceability with prior estimates.

At FID, the cost analyst needs to include documentation of any changes made to the vendor quotes or proposal data, either as part of source selection evaluation (documented in the Q&Q) or by the program office in response to changes to the program’s affordability profile or external schedule constraints. Section 2.6 provides more detail on the proper use of vendor provided data.

The cost analysts should have already developed the information contained in the BOE earlier in the Cost Estimating Plan (Section 2.2.2), Ground Rules and Assumptions (Section 2.5), and Data Collection Plan (Section 2.6). The FAA does not mandate a single format for documenting the BOE. The cost analyst may develop a separate BOE document or briefing or include the BOE documentation within the cost model. Figure 2 gives an example of BOE documentation for the data sources and methodologies used for a single WBS element.

[image: ]
[bookmark: _Ref445448597][bookmark: _Ref445448591][bookmark: _Toc449425637]Figure 2: Sample Basis of Estimate

Appendix C contains a template for a BOE document, which the cost analyst may use in part or in full.


[bookmark: _Ref449348985][bookmark: _Toc449965703]Assess Affordability

The affordability analysis is an iterative process between the program office, IP&A, and the sponsoring organization. The first step is for the program to compare the risk adjusted cost estimate against the funding profile contained in the Capital Investment Plan (CIP). The cost analyst documents this comparison within a budget summary. Figure 3 shows a budget summary chart template. Not all rows will be applicable to every system, so some degree of tailoring may be required.
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[bookmark: _Ref449359082][bookmark: _Toc449425638]Figure 3: Budget Summary Template

The F&E Program Plan line in the budget summary presents “then year” dollars at IARD and “risk adjusted then year” dollars at IID and FID (Section 2.9 describes the risk analysis process). The F&E Program Plan line will include development costs as well as costs associated with TOM. The budget summary will also separate the F&E costs for tech refresh activities, Activity 5, and leases. Section 2.7.1 discusses this topic in more detail.

The budget summary provides important information on OPS funding requirements, as well as F&E. In all cases, the OPS line should show the OPS costs associated with the program. Whether the program is an incremental investment in an existing system or a new system development affects how the cost analyst completes the OPS section of the budget summary. 

In the case of an incremental investment in an existing system (such as a tech refresh or incremental work package), the OPS line would summarize the incremental costs associated with the tech refresh or work package that would require OPS funding. The OPS Legacy System line would show the base OPS costs associated with the system prior to the incremental investment. In the case of a new development, the OPS line would show the OPS requirement for the new system while the OPS Legacy System line would summarize the costs associated with the programs that the new system will replace.

Budget summaries are produced at all major decision milestones. The key to managing affordability issues is to identify shortfalls early in the process and resolve them long before FID. Funding shortfalls can be resolved in a number of ways, including by coordinating changes to the CIP funding profile with the Capital Investment Team (CIT), by removing capabilities or deferring capabilities to later segments of the program, by extending the program schedule, or by some combination of the three. Agreeing upon an approach requires significant coordination between all of the stakeholders. The program office should allow sufficient time in the investment analysis schedule to allow for this discussion and to adapt to any changes in the program that may occur.

[bookmark: _Toc449965704]Develop the Acquisition Program Baseline

The APB or Execution Plan is the contract between the providing and user organizations concerning what the acquisition program will provide, how much it will cost, and when it will deliver products and services. It sets the cost, schedule, and performance boundaries within which the FAA authorizes the program to proceed. The Joint Resources Council approves the APB or Execution Plan at the Final Investment Decision and represents the solution approved and funded by the JRC. 

The cost portion of the program baseline includes a time-phased F&E funding baseline. See the FAA Acquisition Baseline Management & Acquisition Program Reporting Standard Operating Procedure[footnoteRef:13] for guidance on preparation of the APB, baseline establishment, baseline status reporting, baseline variance analysis, baseline change management, and baseline management closeout.  [13:  Version 7.0, Effective 23 July 2012, https://spire.faa.gov/] 


[bookmark: _Toc278285583][bookmark: _Toc449965705]Present Estimate to Management for Approval

The previous sections concentrated on the preparation and importance of cost estimate documentation. Equally important is the presentation of the cost estimate. The cost analyst formally presents the cost estimate in the Business Case Analysis Report (BCAR) which the Vice President or Director of the sponsoring service organization or line of business signs. The review process for the BCAR can be time consuming, may involve modification of the estimate based on management feedback, and should be considered in the investment analysis plan.

Another major step is the Independent Evaluation Review (IER) and the Chief Financial Officer (CFO) concurrence. CFO concurrence is the culmination of the IP&A review process described in Section 2.7.5 Validate the Estimate. This represents one of the final steps in the management approval process prior to a JRC meeting. 

[bookmark: _Toc278285588][bookmark: _Toc449965706]Update the Estimate to Reflect Actual Costs and Changes

The cost analyst should update the cost estimate continuously throughout the program’s lifecycle to reflect changes in technical or program assumptions as well as to reflect actual vendor and program office cost and schedule performance. The continual updating of the cost estimate at completion based on execution data is an important part of Earned Value Management (EVM). The continual maintenance of the cost estimate is essential to identifying execution issues early in programs when the program office can still take corrective actions to avoid a Baseline Change Decision (BCD). 
[bookmark: _Toc370450570][bookmark: _Toc387458251]
[bookmark: _Toc449965707]3 CONCLUSION

Following this standard process, which emphasizes: treating the cost estimating task as a project in its own right; clearly defining the technical scope of the program; fully documenting the basis on which the estimate is built; determining and analyzing the level of risk; and thoroughly documenting the effort should result in cost estimates that are defensible, consistent, and trustworthy. Furthermore, this process emphasizes the idea that a cost estimate should be a “living document,” meaning that it will be continually updated as actual costs begin to replace the original estimates. 

In addition, by synchronizing the cost estimate with the program schedule, a more robust and comprehensive business case can be prepared and Earned Value Management (EVM) process followed. This provides valuable information for assessing the progress and status of a program and improving the quality of future cost estimates.




[bookmark: _Toc449965652]APPENDIX A: COST ESTIMATING PLAN TEMPLATE

Purpose

Describe the ultimate end use of the estimate. For example, “The purpose of this effort is to develop Rough Order of Magnitude (ROM) cost estimates for a legacy sustainment case as well as three program alternative estimates in preparation for an Investment Analysis Readiness Decision in June 2017. The legacy sustainment case and the alternative estimates will support a business case for cost avoidance.”

Estimates to be Developed

	Cost Estimate

	□ Legacy sustainment case

	□ Alternative A

	□ …



Schedule

	Task
	Start
	End
	Resources

	Collect data
	2/5/16
	3/30/16
	Program manager, business manager, engineers, etc.

	…
	
	
	




Methodologies & Data Sources

	WBS
	Methodologies
	Data Sources

	…
	
	

	3.3.2
	Build-up of full time equivalents
	Current contract labor rates
ABC-123 Business Manager
Investment Planning & Analysis

	…
	
	



	
Deliverables

	Deliverable
	Date

	Ground Rules & Assumptions
	2/20/16

	Draft Basis of Estimate
	4/15/16

	Initial legacy sustainment case model
	5/1/16

	…
	




Team

	Member
	Organization
	Role

	John Smith
	ABC-123
	Program Manager, provide program schedule and program office staffing requirements

	Jane Smith
	ABC-123
	Business Manager, provide contract and FAA labor categories and rates

	Mary Johnson
	ABC-123
	Lead cost analyst, develop cost estimate and documentation

	James Williams
	IP&A
	Cost analyst, IP&A lead for cost model review

	…
	
	



Review Process

	WBS Element
	Reviewer
	Completion Date

	…
	
	

	3.2 Program Management
	Jane Johnson, AJM-123
	8/12/16

	…
	
	

	4.8 Second-Level Engineering
	Bob Jones, AJW-123
	8/21/16

	…
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[bookmark: _Toc449965653]APPENDIX B: COST ESTIMATING CHECKLIST

The cost-estimating checklist identifies the significant activities that the program office should complete to ensure that the estimate is accurate and complete. The GAO best practices in Section 2 are the basis for the checklist structure.
	Section
	Item
	Complete

	2.1
	Purpose of the estimate
	

	
	Recipient, level of detail, and scope identified
	

	2.2
	Cost estimating plan
	

	
	Team members and roles & responsibilities defined
	

	
	Methodologies & data sources listed
	

	
	Deliverables & dates specified
	

	
	Resource requirements identified
	

	
	Cost estimating checklist developed
	

	2.3
	Program definition
	

	
	Technical baseline defined
	

	
	External interfaces specified
	

	
	Full lifecycle support strategy developed
	

	
	Acquisition strategy defined
	

	2.4
	Cost estimating structure
	

	
	Work Breakdown Structure (WBS) identified
	

	
	WBS dictionary developed
	

	
	Estimating method & data sources identified by WBS element
	

	2.5
	Ground Rules & Assumptions
	

	
	Scope of the estimate defined
	

	
	Base year and lifecycle identified
	

	
	Program schedule developed
	

	
	Other program assumptions documented
	

	2.6
	Data collection and analysis
	

	
	Data collected
	

	
	Data analyzed for applicability, accuracy, and completeness
	

	
	Data stored and properly documented
	

	2.7
	Develop point estimate
	

	
	Estimate time phased
	

	
	Inflation applied
	

	
	Cost estimate aligned with point estimate schedule
	

	
	Verification complete
	

	2.8
	Conduct sensitivity analysis
	

	
	Cost drivers identified
	

	2.9
	Conduct cost risk & uncertainty analysis
	

	
	Cost estimate aligned with risk adjusted schedule
	

	
	Systemic biases identified and accounted for
	

	
	Input parameter uncertainty quantified
	

	
	Stochastic uncertainty analysis complete
	

	
	Risk dollars allocated to WBS elements
	

	2.10
	Document the estimate
	

	
	Basis of Estimate complete
	

	
	Acquisition Program Baseline documented
	

	2.11
	Present the estimate to management for approval
	

	
	Business Case Analysis Report signed
	

	
	Independent Evaluation Review (IER) and affordability assessment complete (IP&A)
	

	
	Chief Financial Officer (CFO) concurrence complete (IP&A)
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[bookmark: _Toc449965654]APPENDIX C: COST BASIS OF ESTIMATE TEMPLATE

Executive Summary

Many higher-level reviewers will read only the executive summary. The executive summary should provide a quick overview of the program and cost estimating approach, along with program’s total cost and risk dollars. 

Purpose

This section provides an overview of the purpose of the estimate and organization of the document. Section 2.1 provides further details.

[bookmark: _Toc12797930][bookmark: _Toc253049624][bookmark: _Toc253054947][bookmark: _Toc254074499][bookmark: _Toc254074592][bookmark: _Toc286381678][bookmark: _Toc375121406]Team Composition

The team composition sections should identify those who contributed to the cost estimates. For each contributor, include their organization, contribution, areas of responsibility, routing symbol, telephone number, and email address. Be sure to identify all technical and programmatic experts who contributed to the cost estimate. Also, include all personnel who contributed to the review of the estimate, what they reviewed, and their contact information. See Section 2.2 for further details.

Program Characteristics

This section should provide a brief technical and programmatic overview of the system or alternative and should identify any program documents used to prepare the estimate. See Section 2.3 for details.

Estimating Structure

The estimating structure documents the work breakdown structure used to develop the estimate and the associated definitions. While the cost analyst will have used the FAA Standard Work Breakdown Structure, the analyst may have further decomposed certain WBS elements based on the specific needs of the estimate. The cost analyst should document that decomposition in this section, along with definitions of those decomposed WBS elements. Section 2.4 contains further information.

Ground Rules & Assumptions

[bookmark: _Toc253049625][bookmark: _Toc253054948][bookmark: _Toc254074500][bookmark: _Toc254074593][bookmark: _Toc286381679][bookmark: _Toc375121407][bookmark: _Toc12797933]Section 2.5 provides a list of the major Ground Rules & Assumptions that the cost analyst should document in the BOE. A couple of major topics that the cost analyst should address in detail are the program schedule and acquisition strategy. 

The program schedule should include the key acquisition events and milestones for the years covered by the cost estimate. The schedule should also include the master schedule for development, production, and deployment, as well as a detailed delivery schedule. The Ground Rules & Assumptions should also summarize the quantities that the program will purchase and install by fiscal year. [Note: Presenting schedule information in tabular format facilitates comparison with prior estimates, other alternatives, etc.] 

[bookmark: _Toc253049626][bookmark: _Toc253054949][bookmark: _Toc254074501][bookmark: _Toc254074594][bookmark: _Toc286381680][bookmark: _Toc375121408]This section should also document the acquisition strategy and any cost-relevant contractual information. Cost-relevant information includes profit and award structures, as well as any contract options.

Methodology

[bookmark: _Toc253049627][bookmark: _Toc253054950][bookmark: _Toc254074502][bookmark: _Toc254074595][bookmark: _Toc286381681][bookmark: _Toc375121409][bookmark: _Toc253049630][bookmark: _Toc253054953][bookmark: _Toc254074505][bookmark: _Toc254074598][bookmark: _Toc286381684][bookmark: _Toc375121412]The methodology section should document the inflation rates, data sources, and methodologies employed by the cost analysts to develop the estimate and perform the risk and uncertainty analysis.

Inflation Rates

The cost analyst should document the inflation rates used to develop the “then year” estimates. The cost analyst should also list other rates used to normalize historical data. A detailed table portraying the rates used can be included as an appendix.

Data Sources and Methodologies

The cost analyst should provide a description of how the estimate for each WBS element was developed. Section 2.10 describes the necessary information.

Risk and Uncertainty Analysis

The risk and uncertainty analysis section should follow a similar format to the data sources and methodologies section, documenting the same information except in the context of the risk and uncertainty analysis.

[bookmark: _Toc12797937][bookmark: _Toc253049633][bookmark: _Toc253054956][bookmark: _Toc254074508][bookmark: _Toc254074601][bookmark: _Toc286381687][bookmark: _Toc375121415]Cost Estimate Detail

The cost analyst should include cost summary tables for “then year” and “risk adjusted then year” dollars by fiscal year using the WBS. These tables should allow the reader to easily see the projected cost of major components of the program (e.g. hardware, software, maintenance, etc.), along with the risk dollars allocated to those components.

This section should clearly delineate F&E and OPS funding requirements, separately identifying any Activity 5, tech refresh, and lease costs. The budget summary table, described in Section 2.10.2, provides an example of how to display this information.

[bookmark: _Toc253049638][bookmark: _Toc253054961][bookmark: _Toc254074513][bookmark: _Toc254074606][bookmark: _Toc286381693][bookmark: _Toc375121416]Cost Traceability 

When a prior cost estimate exists, as will normally be the case for an IID, FID, or BCD, the cost analyst should prepare a cost track. The cost track should provide a concise explanation for any change to a WBS element from the prior estimate, in “then year” dollars. The table below gives an effective format for documenting a cost track to a prior estimate.

Table X. Comparison of Program Cost Estimates (“Then Year” Dollars)
	
	[1]
	[2]
	[3]
	[4]
	[5]

	
	Current Estimate (Dollars)
	Prior Estimate
(Dollars)
	Change
([1]-[2])

	Percent Change
([3]/[2])
	Reason for Change

	…
	
	
	
	
	

	WBS 3.1.1
	
	
	
	
	

	WBS 3.1.2
	
	
	
	
	

	…
	
	
	
	
	

	WBS 3.2
	
	
	
	
	

	...
	
	
	
	
	



[bookmark: _Toc254074516][bookmark: _Toc254074609][bookmark: _Toc286381696][bookmark: _Toc375121417]Appendices

The cost analysts should include any reference information that may be useful to the reviewer or for subsequent users of the cost estimate. Useful information includes model run results from any software packages used, SLOC estimate reports, prior EVM data used to develop the estimate, etc. 
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[bookmark: _Toc449965655]APPENDIX D: LEGACY CASE GUIDANCE

The FAA Business Case Analysis Guidance defines the requirements for developing a legacy case cost estimate. Based on the program, the cost analyst may only be required to document historical operating costs. In other cases, a legacy case addressing the same lifecycle as the alternative cost estimates will be required, which is referred to as a legacy sustainment case. The shortfall template available on the IP&A website4 document the specific legacy case requirements.

The legacy sustainment case should be representative of what the FAA would do in the absence of a new program. The rationale is that the FAA needs to be fully aware of the costs associated with the legacy systems in order to make an informed decision whether or not to proceed with the new program. Additionally, when a program office makes a claim of cost avoidance, the legacy sustainment case serves as the basis for economic comparison against the proposed alternatives.

The process of developing a legacy sustainment case is the same as for any cost estimate. The legacy sustainment case requires the same technical definition, uses the same WBS, has the same documentation requirements, has the same validation process, and is risk adjusted in the same manner as any other estimate. The only areas in which there will be differences will be in the predominant methodologies and data sources used. The cost analyst should primarily use historical data to develop the legacy sustainment estimate (see Table 2 for a list of potential data sources). However, historical data alone will not be sufficient. Other considerations for the legacy sustainment case include:

· Future tech refresh and service life extension program requirements needed to sustain the system through the lifecycle; and
· Potential growth in maintenance and support costs, either as failures increase or as the cost for parts increases. 

The final step in the development of the legacy sustainment case is the identification of the cost elements that are unavoidable in the case of a new procurement. The legacy programs will still have to operate until fielding of the replacement system is complete. The FAA will have to incur maintenance, infrastructure, and supply costs until that date even if it fields a new system. Specific examples are preventive and corrective maintenance, second level engineering, and supply costs. These costs will continue at a given site until the legacy system at that site is disposed.

The cost avoidance benefit of the program is the total legacy sustainment costs minus these unavoidable legacy costs. Time phasing of the cost avoidance benefit is essential to conduct the economic analysis. The FAA Guide to Conducting Business Case Economic Evaluations4 provides further details of the economic analysis process.
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WBS 3.3.2

Requirements and Architecture Engineering

All government activity associated with transforming the requirements of a final program
requirements document into specifications and a preferred solution configuration. This effort is
applicable to each component of a solution throughout the program lifecycle.

Methodology:
Build-up of full time equivalents using year-by-year estimates of labor requirements by labor category.
Data Sources:

Labor requirements and categories: John Smith, Program Manager, ABC-123, “Full time equivalent
estimates.xls”, 1 January 2016

Contractor labor costs: Contract XYZ labor rates from FY15

FAA labor costs: FY16 actuals, Jane Smith, Business Manager, ABC-123, email 25 December 2015
Inflation: Investment Planning & Analysis, “ECONOMIC FACTORS 2015 v1 3.xlIs”,
http://www.ipa.faa.gov/Library/LibraryDocuments.cfm
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