Overview of the Constellation (Cx) 65% Confidence Level
Background

Consistent with industry and DoD best practices, NASA has adopted a policy of using risk and uncertainty analysis in determining program and project cost estimates. This policy has been a topic at several Senior Management Council meetings and is in the process of being codified more formally by PA&E.  A confidence level assessment on the Exploration architecture was performed during the Exploration Systems Architecture Study (ESAS) in November 2005 and is updated annually during the Cx budget process.  The focus of the Cx assessment, both during and subsequent to ESAS, is on the cost to achieve the first major Vision milestone, ISS Initial Operations Capability (IOC).  NASA’s external commitment for initial operations is March 2015.  Preliminary, internal analyses have been performed on the capabilities beyond the budget horizon for planning purposes.
Confidence Level Budgeting
Confidence level budgeting applies statistical methods to cost modeling techniques in order to capture some of the uncertainties and variability inherent in estimating costs.  The assessment technique used produces a cumulative probability distribution curve that relates the amount of total funding necessary (x-axis) to achieve a specified cost confidence level (y-axis). The difference between the current best estimate (CBE) and the 65% confidence level is typically carried as reserves.
In the pay-as-you-go environment that we are in, there are three degrees of freedom:  program content, cost, and schedule.  The program content is based on needed performance and architectural requirements.  Budget is fixed and the 65% cost confidence level funding needed to fit within that budget is a matter of agency policy.  Schedule is the remaining variable that is being used to budget the Cx Program to a 65% confidence level.  For example,


The cost confidence level (CL) curve above is data from the Cx FY07 Program Manager’s Recommend (PMR) for the ISS IOC scope. The ‘2013 IOC’ point depicts that the cost associated with the current program content ($23.4B) is at a 35% CL. Approximately $3B in additional funding is needed to get to the required 65% CL.  Since the budget between now and 2013 is fixed, the only way to obtain the additional $3B in needed funding is move the schedule to the right.  Based on analysis of the Cx New Obligation Authority (NOA) projection, the IOC date would need to be moved to 2015 for an additional $3B funding to be available (shown above as the 2015 IOC point).  Based on this analysis, NASA’s commitment to external stakeholders for ISS IOC is March 2015 at a 65% confidence level for an estimated cost of $26.4B (real year dollars).  Internally, the program is managed to the 2013 IOC date with the realization that it is challenging but that budget reserves (created by additional time) are available to successfully meet the external commitment.
Cx project budgets are below the 65% confidence level.  It is the policy of the Cx Program Manager to manage the reserves at the program level (Level II) with the flexibility to apply the reserves as needed.  This somewhat protects the reserves from external scrutiny.  Reserves are usually at risk of diversion to other uses without consideration of the long-term impact to the program because they are perceived by external managers and stakeholders to be ‘extra funds’ on top of a program budget.  The confidence level assessment shows that the reserves are needed funds that have not been specifically allocated to lower levels, allowing management flexibility to manage reserves as an integral element of the total program budget.  
Why 65%?

The recommended level of confidence varies throughout industry and government organizations, and usually falls between 50% and 80%.  Any of these levels can be valid depending on the number of projects in the program portfolio and the level of budget risk a manager is willing to take.  Budgeting at 100% confidence level is impractical because the underlying cost distribution is skewed and not closed (asymptotically approaches 100% on the curve shown above).  In other words, we are never 100% sure of anything that happens in the future and it is theoretically possible to spend an unlimited amount of funds on a project that is never completed.  
Mike Griffin’s position is that …”The confidence level is selectable by managers; we’ve

chosen 70% for agency projects in general, and I personally adjusted that to 65% for Cx.”  
Limitations of the Analysis

It is important to note that the confidence level analysis does not integrate schedule or time-phased budget uncertainties at present.  For example, present models assess only total funding needed to complete a project at a specified confidence level but do not assess impacts of not receiving the funding when needed.  Similarly, the uncertainties associated with schedule estimating are not captured in the cost uncertainty even though schedule and cost are tightly coupled.  These are known limitations and work is in progress to develop an assessment capability that integrates time-phasing and schedule uncertainties. 
It is also important to note the types of uncertainties that are included in the analysis.  Model residual error, database coverage, estimating input uncertainties (i.e., mass), and known program/project level threats are included.  Scenarios outside of the stated program content are not included.  These include Acts of God (i.e., recovery from Hurricane damage), acts of Congress (i.e., budget cuts), system test failures, major re-scope of the Program, and Directorate/Agency-level threats.  
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