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Summary

A central issue in U.S. Air Force budget preparation is how funding levels need to be adjusted
as flying hours and fleet sizes change. To address such challenges, the Secretary of the Air
Force, Financial Management directorate (SAF/FM) created the expenditure categorization
scheme shown in Figure S.1.

In the figure, Cost Analysis Improvement Group (CAIG) expenditure categories are
broken into three groups. Those categories labeled variable cost per flying hour are assumed to
increase or decrease in proportion to flying hours. Those categories labeled variable cost per
TAI are assumed to increase or decrease in proportion to fleet sizes (total active inventory or

Figure S.1
SAF/FM Breakout of Cost Analysis Improvement Group Level-Two Costs

Variable cost per flying hour Variable cost per TAI

2.1 POL/energy consumption 1.1 Operations personnel

2.2 Consumables/repair parts 1.2 Maintenance personnel

2.3 Depot-level reparables 1.3 Other mission personnel

2.4 Training munitions/expendable 4.1 Depot maintenance overhaul/
supplies rework

2.5 Other unit-level consumption 4.2 Other unit-level consumption

3.3 Intermediate maintenance— 4.3 Depot maintenance engine
transportation overhaul

5.1 Interim contractor support 4.4 Depot maintenance other

5.2 Contract logistics support equipment overhaul

5.3 Other contract support

Fixed costs

6.1 Support equipment replacement
6.3 Other recurring investment

6.4 Sustaining equipment support
6.5 Software maintenance support
7.1 Personnel support

7.2 Installation support

SOURCE: Lies and Klapper (2007).

NOTES: “Level-one” costs are most aggregated, e.g., mission personnel, intermediate
maintenance, depot maintenance. A greater level of detail is found in “level-two" costs,
e.g., different types of mission personnel, different types of depot maintenance.

RAND TR594-5.1
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tails, TAI). The categories labeled fixed are assumed not to vary with flying hours or fleet sizes
(though fixed does not imply these expenditures could not be reduced or increased).

This report evaluates the validity of Figure S.1 using fiscal year (FY) 1996 to 2006 data on
expenditures, flying hours, and fleet sizes for different Air Force aircraft mission designs (MDs)
or systems. Our data analysis recommends a somewhat more complicated breakout in which
some types of expenses vary partially with flying hours or fleet sizes. For these categories, there
appears to be a “fixed-plus-variable” cost structure with incremental costs per flying hour or
per tail less than average costs.

Relative to SAF/FM’s breakout, we find that a greater proportion of Air Force costs are
not variable, especially with respect to flying hours. As a consequence, we are concerned that
SAF/EM’s approach overbudgets when flying hours increase and underbudgets when they
decrease.

Background and Prior Work

CPFH is the primary metric the Air Force uses to create future budgets. Major commands
create CPFH factors by mission design series (MDS) or type of aircraft (e.g., F-15C) and mul-
tiply the factors by projected flying hours. These projected budget requirements then feed the
Air Force’s budgetary decisionmaking process.

There is a considerable literature on problems with using flying hours to predict costs.

Hildebrandt and Sze (1990) constructed regression models that relate flying hours to
operating and support costs. In general, they found operating and support costs increase less
than proportionally with flying hours.

Slay (1995) noted that wartime conditions result in longer sorties and that the number of
sorties predicts costs better than the number of flying hours. Sherbrooke (1997) built upon Slay
(1995), finding that a disproportionate number of maintenance demands that are unrelated to
safety are deferred until the end of a day.

Wallace, Houser, and Lee (2000) found that “removals” (a proxy for cost) are only loosely
correlated with flying hours.

Laubacher (2004) examined different forecasting techniques for helicopter budgets. Simi-
larly, Hawkes (2005) studied F-16 costs. Hawkes’ primary finding was that last year’s CPFH
predicts this year’s CPFH. Armstrong (20006) studied F-15 CPFH, finding a marginal CPFH

would be preferable to average cost.

Data Overview and Estimation Approach

Our analysis is built around two data systems, the Air Force Total Ownership Cost (AFTOC)
system and the Reliability and Maintainability Information System (REMIS). AFTOC tabu-
lates expenditures by FY, CAIG cost element category, and weapon system. REMIS tabulates
aircraft flying hours and possessed hours.! (See pp. 11-12.)

1 A “possessed hour” refers to the fact that the Air Force owns the aircraft, irrespective of whether it is flying or broken.
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Our objective is to measure the relationship between expenditures and aircraft flying
hours. One could undertake such estimations for each MD separately, but doing so would be
hampered by small sample sizes. Instead, we estimated a linear regression of the form

In(Cost,,) = a, + b6 * In(FH,, ) + ¢ * Year, + €,

where each 7 is an MD and each 7 is a year. Year, is a FY dummy variable. In this estimation
structure, each MD gets its own intercept (Z;) but there is a common 4 that is the most typi-
cal empirical relationship between the natural log of flying hours and the natural log of costs.

(See pp. 12-14.)

Estimation Results

Using total expenditure data, we estimate an Ln (flying hour) coefficient of 0.56489. This result
suggests total spending, on average, increases about 6 percent if a weapon system’s flying hours
increase 10 percent. (See pp. 15-17.)

In running the analysis of the more-detailed level-one and level-two CAIG categories
(see the notes for Figure S.1), the 4.0 (depot maintenance) category shows an unusually large
elasticity with respect to flying hours. We believe this finding is spurious and could have been
caused by the Air Force changing accounting procedures. (See pp. 17-19.)

For many more-detailed level-two CAIG categories, we find evidence that a category’s
costs grow with, but not in proportion to, flying hours. The distinct exception is 2.1 (petro-
leum, oil, and lubricants (POL)/energy consumption) in which, not surprisingly, expenditures
closely track flying hours. (See pp. 19-21.)

We also did estimations with both the natural log of flying hours and the natural log of
fleet size as independent variables. Such estimations are only feasible because of a post-9/11
increase in flying hours without a commensurate change in fleet sizes. Previously, there was a
near-perfect correlation between an MD’s fleet size and its flying hours.

The regressions we undertook with both flying hours and fleet sizes as independent vari-
ables had mixed findings. Both flying hours and fleet size appear to partially affect total expen-
ditures. Within specific categories, some types of expenditures—e.g., energy consumption—
clearly track with flying hours, but others—including maintenance personnel—track with
the number of aircraft. Yet other categories have partial, but not proportional, variability with
flying hours or fleet size. Results were difficult to interpret for depot maintenance. (See pp.
21-26.)

Figure S.2 presents our alternative Air Force expenditure categorization scheme.

Policy Implications

Our analysis of FY 1996—FY 2006 expenditure and flying hour data suggests possible improve-
ments to SAF/FM’s approach. In particular, the “varying with flying hours” and “varying with
fleet size” categorizations are too simplistic. In fact, some expenditure categories appear to
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Figure S.2

Alternative Air Force Expenditure Categorization Scheme

Variable cost per flying hour
2.1 POL/energy consumption

1.2
2.2
2.5
5.2
6.1
7.1

Variable cost per TAI

Maintenance personnel
Consumables/repair parts
Other unit-level consumption
Contractor logistics support
Support equipment
Personnel support

Partially variable cost per flying hour

1.1 Operations personnel

Partially variable cost per TAI

1.3 Other mission personnel

Fixed costs

7.2 Installation support

NOTE: We cannot determine 2.3 + 4.0 (depot maintenance), 2.4 (training munitions), 3.0 (intermediate
maintenance), 5.3 (other contract support), 6.3 (other recurring investment), 6.4 (sustaining equipment

support), 6.5 (software maintenance), and 6.6 (simulator operations).

RAND TR594-5.2

exhibit fixed-and-variable characteristics, e.g., there is a baseline level of costs in the category

and then costs increase with flying hours or fleet size, but not proportionally.

If flying hours are falling, categorizing expenditures as variable when they are actually
partially fixed will lead to excessive budget cuts. If flying hours are rising, categorizing expen-
ditures as variable when they are actually partially fixed will lead to excessive budget increases.

(See pp. 29-30.)





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /None
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /None
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /None
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




