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Abstract: Augustine’s Law famously proposed fighter aircraft costs are growing so rapidly that by 2054 

buying a single tactical aircraft will consume the entire defense budget. Is the situation really so dire? This 

paper examines the trend in U.S. fighter costs and relates them to generational changes in aircraft design and 

manufacture. It also examines the new jet fighters of the 2000s to see if Augustine’s Law is really unfolding as 

its author originally thought.  
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“In the year 2054, the entire defense budget will purchase just one aircraft. This aircraft will  

have to be shared by the Air Force and Navy 3 ½ days each per week except for leap year,  

when it will be made available to the Marines for the extra day.” – Augustine’s Law XVI. 

Introduction 

In his book, Augustine’s Laws, former aerospace 

executive Norman Augustine proposed a series of 

“laws” – more accurately, a series of tongue-in-

cheek empirical observations -- about 

management behavior in the spirit of the late C. 

Northcote Parkinson. The mostly widely quoted of 

these is Augustine’s assertion (quoted above) that 

the rate of increase in military tactical aircraft 

costs over time would eventually exceed the cost 

of the overall defense budget and even (past 

2100) the gross national product (GNP) of the 

United States. 

This seemingly absurd conclusion nonetheless 

had empirical justification, which Augustine 

produced in his book. Beginning with the Wright 

Brother’s Model A in 1910, Augustine tracked the 

cost of U.S. tactical aircraft through the release of 

the F-18A/B in the early 1980’s and observed an 

exponential growth over time. Figure 1, 

reproduced from Augustine’s book, shows the 

then-year average unit cost increasing by a factor 

of four every decade.  

Extrapolating this trend into the future – as well 

as extrapolating the projected growth in the 

Defense Department budget and the nation’s GNP 

– Augustine calculated that the price of a single 

tactical aircraft would equal the entire projected 

defense budget by 2054. This is shown in Figure 2, 

as well as the astonishing conclusion that the 

price of our single aircraft would eventually 

exceed the GNP sometime around the year 2150:  

Figure 1: Reprinted with Permission of Norman Augustine 
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Augustine’s book does not provide absolute 

numbers, but useful approximations can be made 

from reading the charts themselves. Cost 

increases for tactical aircraft by a factor of four 

every decade translates into a 15% increase per 

year. Likewise, from the chart, it is apparent that 

the defense budget is assumed to increase by 

2.5% per year and the nominal GNP by 5.5% per 

year. This produces an intersection by 2054 

where the defense budget and the cost of a single 

aircraft meet at approximately $800 billion. 

Likewise, by 2114 the GNP and the cost of a single 

aircraft meet at approximately $3.6 quadrillion.  

Augustine’s prediction first appeared in written 

form (Augustine, 1979) several years earlier as an 

article in the Defense Systems Management Review. 

When asked in 2016 about his prediction, 

Augustine not only confirmed his original 

prediction but gave it an exact date: “It was 2054. 

I've refined it actually to July 23, 2054. The 

Economist just came out with [an] update to my 

law and I'm sorry to say we're right on 

track.” (Aitoro, 2016.) 

Along the same vein, another “law” authored by 

Augustine relates time against months to first 

flight (reference Figure 3) and concludes that 

there has been no change in aircraft design and 

development spans despite the increasing 

complexity of military and commercial aircraft 

design and build over time: 

The duration of the design and build phase of 

aircraft development programs has remained 

virtually unchanged for 40 years. This period 

is approximately the same for government 

projects, commercial projects, and, for that 

matter, projects undertaken in the Soviet 

Union. (Augustine, 1983.)  

Augustine’s ironic projections have been seized 

upon by critics of the defense establishment as 

proof of wasteful spending, “gold plate” 

requirements and an industry which has little to 

no concern about controlling costs. Summarizing 

much of the published criticism, Franck writes: 

“The most commonly held belief (the 

‘conventional wisdom’) regarding quality versus 

quantity choices is that the major weapon systems 

are laden with technological bells and whistles 

that add much to cost but little, if anything, to 

military effectiveness.” (Franck, 1992). In 

Figure 2: Reprinted with Permission of Norman Augustine 

Figure 3: Reprinted with Permission of Norman Augustine 
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Augustine’s view, the observed cost growth over 

time is not adequately explained by 

improvements in aircraft performance but is 

more closely linked to an engineering mindset 

that values technology for technology’s sake – a 

mindset that has created a cost growth that is 

unsustainable over time:  

This rate of growth seems to be an inherent 

characteristic of such systems, with the unit 

cost being most closely correlated with the 

passage of time rather than with changes in 

maneuverability, speed, weight, or other 

technical parameters. The same inexorable 

trend can be shown to apply to commercial 

aircraft, helicopters, and even ships and 

tanks, although in the last two somewhat less 

technologically sophisticated instances, the 

rate of growth is a factor of two every ten 

years. Automobiles, houses, and certain other 

commercial products more nearly 

approximate this latter case. The point is not, 

of course, that new technology is inevitably 

more expensive than old technology; the 

opposite is often the case. But what happens 

is that…new technology opens vast new 

capability vistas which are then crammed 

into each new generation of a product. 

(Augustine, 1983.)  

While Augustine’s laws have been widely (and 

approvingly) quoted over the subsequent three 

decades, there have been criticisms of this 

analysis. Eskew (2000) pointed out three 

methodological issues in Augustine’s analysis: 

• His projection is based on then-year (inflated) 
dollars instead of adjusting all values back to a 
constant dollar base. A substantial portion of 
the cost growth is therefore due to the larger 
trend in monetary inflation over time. The 
Bureau of Labor Statistics on-line Consumer 
Price Index (CPI) inflation calculator shows 
that $10,000 in January 1913 would now be 
worth $261,370 in June 2019 – an increase of 
2,514%. (BLS, 2019.)  
 

• The analysis does not consider the total 
number of aircraft procured. All else being 
equal, the larger the production buy, the lower 
the average unit cost – the familiar learning 
curve effect. If the size of production buys has 
decreased over time, this could produce a 
systemic bias toward higher aircraft unit prices 
over time. 

• Likewise, the analysis does not consider the 
number of aircraft produced in a single year. 
Larger lot buys are typically associated with 
lower costs due to the overhead savings due to 
larger business bases and the allocation of fixed 
support labor costs across larger quantities. 
Once again, smaller lot quantities over time 
could produce a systemic bias toward higher 
aircraft unit prices. 

To Eskew’s list, we can add: 

• The definition of “average unit cost” as used by 
Augustine is a nebulous one. This could 
represent unit recurring flyaway (URF), or 
production average unit cost (PAUC); or 
average procurement cost (AUPC) – each of 
which would reveal a substantially different 
answer. It is unclear what definition is used by 
Augustine, or if it is applied consistently over 
time.  

We come then to the purpose of this paper, which 

is to explore the following questions: 

• If fighter aircraft are compared over time using 
a standardized definition of unit cost, after 
normalization for inflation and learning curve 
impacts, are the trends Augustine observed still 
apparent?  

• Since Augustine’s initial publication, three 
major fighter programs have been introduced 
(F-18E/F, F-22 and F-35). If we introduce this 
new data, does it change or confirm Augustine’s 
projections? 

• Fighter jet aircraft are substantially more 
complex than their post-World War II 
predecessors. What is the relationship between 
cost and each successive generation of fighter 
aircraft? How much do advances in capability 
cost historically?  

• Regarding Augustine’s assertion regarding the 
unchanging length of development programs, 
what does history for the most recent fighter 
programs (F-18E/F, F-22 and F-35) tell us? 
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Method of Analysis 

To examine these issues more closely, a cost 

database from public domain sources was 

assembled. The primary source for cost data is 

the U.S. Military Aircraft Cost Handbook (DePuy, 

1983). The Handbook database represents Total 

Obligational Authority (TOA) requested by the 

services to procure attack, bomber and fighter 

aircraft. Values are reported in then-year dollars 

and normalized to FY1981 dollars. The Handbook 

uses FY buy average costs to calculate airframe, 

airframe and engine, and total flyaway unit cost 

curves, allowing the calculation of theoretical T-

100 values. The Handbook presents data for 

aircraft in the active U.S. inventory during 

FY1960-FY1980 period. This eliminates some of 

the first-generation fighters such as the P-80. The 

most recently introduced fighter aircraft in the 

MCR database is the F-18A/B series. In this 

analysis, the FY1981 cost data was escalated to 

FY2018 dollars using December 2018 U.S. DoD 

aircraft procurement escalation indices.  

To include more recent aircraft introduced into 

the fleet, a supplemental database was created 

from public domain reports such as U.S. DoD 

budget documents (USAF, 2010, USN, 1999, USN, 

2000, USN, 2001, USN, 2002, USN, 2003, USN, 

2004, USN, 2005, USN, 2006, USN, 2007, USN, 

2008, USN, 2009, USN, 2010, USN, 2011, DoD, 

2012a, DoD, 2013, DoD, 2014) as well as General 

Accounting Office (GAO) reports (GAO, 2019). 

This provides then-year flyaway cost data by FY 

buy for the most recent aircraft introduced to the 

fleet: F-18E/F, F-22, and F-35. After 

normalization to FY2018 dollars using the same 

DoD escalation indices, unit curves were drawn 

from unit flyaway data and T100 theoretical 

values calculated.  

In addition, aircraft empty weight information 

was pulled from public domain sources, most 

coming from RAND studies (Hess, 1987) 

supplemented by Selected Acquisition Report 

(SAR) data or Air Force and/or industry press 

releases (DoD, 2012b, USAF, 2015, Lockheed 

Martin, 2019). In all, cost and weight data were 

found for 23 U.S. fighter aircraft with Initial 

Operational Capability (IOC) dates ranging from 

1949 to 2016. 

A popular way to review military aircraft history 

is to talk of “generations” of fighter jet aircraft. F-

22 and F-35 are commonly cited as “fifth 

generation” fighters, and their eventual 

replacements as “sixth generation.” In truth there 

is no fully accepted definition of jet fighter 

generations. However, there is rough agreement 

on the timelines and characteristics associated 

with each fighter generation, although there may 

be disagreement on whether an individual 

aircraft should be classified as, say, second or 

third generation. Yoon (2004) suggests the 

following timeline to assess fighter development: 

• First Generation Jet Fighters (circa 1945 to 
1955) – Powered by the first turbojet engines, 
these post-World War II aircraft have capability 
like their piston engine predecessors. These 
aircraft are subsonic, usually do not carry radar 
and carry conventional weaponry such as 
machine guns and bombs but not guided 
missiles. First generation aircraft used in the 
sample were the North American F-86 and 
Northrop F-89. Unfortunately, other early 
examples from the U.S. inventory such as the 
Lockheed P-80 and F-94, Republic F-84, and the 
North American F-96 were eliminated because 
reliable T100 flyaway cost or weight data was 
not available. 

• Second Generation Jet Fighters (circa 1955 to 
1960) – This generation introduces the first 
supersonic combat aircraft. They also introduce 
radar and the use of guided missiles. Second 
generation aircraft used in the sample were the 
Douglas A-3; McDonnell A-4, F3H, and F-101; 
Convair F-102 and F-106; Lockheed F-104; and 
the Republic F-105. 

• Third Generation Jet Fighters (circa 1960 to 
1970) – This generation introduces multi-role 
fighters which combine air defense and ground 
attack missions in a single configuration. Third 
generation aircraft used in the sample were the 
McDonnell F-4, Grumman A-6, Vought A-7 and 
the General Dynamics F-111. 
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• Fourth Generation Jet Fighters (circa 1970 to 
1990) – This generation continues the trend 
towards multi-role aircraft but improves 
capability with more advanced avionics and 
weapons systems. Greater emphasis is placed 
on maneuverability versus pure speed and 
incorporation of lessons learned from the 
Vietnam air war. Fourth generation aircraft 
used in the sample were the Grumman F-14, 
McDonnell Douglas F-15, F-18 and AV-8B, 
Fairchild A-10 and the General Dynamics F-16. 

• Generation 4.5 Jet Fighters (circa 1990 to 2000) 
– This generation represents an upgrade to 
existing fourth generation aircraft but 
incorporates more advanced electronics and, to 
some degree, a reduced radar cross section 
(RCS) through the incorporation of limited 
stealth characteristics. The singular example of 
Generation 4.5 in the sample was the Boeing F-
18E/F. 

• Fifth Generation Jet Fighters (circa 2000 to 
Today) – This generation introduces low 
observable stealth, more powerful engines, and 
advanced integrated avionics. The F-35 also 
introduces shared battlefield awareness and the 
ability to work with a broad array of networked 

systems. Fifth generation aircraft used in the 
sample were the Lockheed Martin F-22 and F-
35A. For analysis purposes, only the 
Conventional Takeoff and Landing (CTOL) 
version of F-35 was used since it is the most 
commonly produced variant in lieu of the F-35B 
and F-35C versions. 

 

Analysis – Military Fighter Aircraft 

If we plot the T100 flyaway FY2018 dollars per 

unit – without performing any adjustment for 

aircraft weight -- against the initial fielding date of 

the aircraft, we get the result shown in Figure 4. 

Based on the best fit line, the T100 dollars per 

unit have increased from $2M per unit in 1949 to 

$134M per unit in 2019 – an annualized increase 

of 6.6% in real (constant year) dollars. However, 

this may be slightly misleading since U.S. fighter 

aircraft have increased in size over time. Because 

we know from numerous prior studies (Hess, 

1987, Resetar, 1991, Younossi, 2001, et al.) that 

aircraft flyaway cost is positively correlated with 

Figure 4. Fighter T100 Flyaway Dollars (FY18$) per Unit Over Time  



Augustine’s Law: Are We Really Headed for the $800 Billion-Dollar Fighter? Brent M. Johnstone 

59 Journal of Cost Analysis and Parametrics: Volume 10, Issue 2. April 2022 

aircraft weight (all else equal, the heavier the 

aircraft, the more it costs to build), it is more 

illuminating to plot the T100 flyaway dollars per 

pound against the initial fielding date of the 

aircraft, as shown in Figure 5. 

The plot confirms Augustine’s general thrust: that 

cost of fighter aircraft has increased significantly 

over time even after normalizing for inflation, 

position on the learning curve and overall aircraft 

weight. It is also apparent that each generation of 

aircraft has increased in cost over the prior one. 

Based on the best fit line, the T100 dollars per 

pound have increased from $198 per pound in 

1949 to $4,087 per pound in 2019 – an 

annualized increase of 4.4% in real (constant 

year) dollars. 

The plot also reveals the time between each 

fighter generation has been progressively 

increasing since the jet age began. Fueled by “hot” 

wars in Korea and Vietnam, the pace of innovation 

in the 1950’s and 1960’s was especially quick 

with the introduction of supersonic flight and the 

capability to carry radar and guided missiles 

(second generation) and the ability to perform 

multi-role missions (third generation). The pace 

of innovation has slowed substantially since the 

end of the Cold War with 34 years between the 

fourth and fifth generations:  

 

Figure 5. Fighter T100 Flyaway Dollars (FY18$) per Empty Weight Pound Over Time 

  
Average 
Year of 

IOC 

Years Between 
Generation 

Generation 1 1950 N/A 

Generation 2 1957 7 

Generation 3 1965 8 

Generation 4 1977 12 

Generation 4.5 1999 22 

Generation 5 2011 12 

Table 1. Average Year of IOC by Fighter Generation 
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To get a better understanding of the impact that 

the introduction of each fighter aircraft generation 

has had on cost multiple variable regression model 

was constructed using T100 flyaway dollars as the 

dependent variable and empty weight as an 

independent variable. In addition, five dummy 

variables were assigned for second, third, fourth, 

fifth and Generation 4.5 aircraft. These dummy 

variables were set at either one (aircraft model 

included in that generation) or zero (aircraft 

model not included in that generation). The results 

of that regression (performed in Microsoft Excel) 

were as shown in Table 2. 

The resulting equation is: 

T100 = 0.0001 * EW1.19 * 0.765G2 * 1.285G3 * 

3.227G4* 5.701G4.5 *8.443G5 

Where: 

T100 = T100 unit flyaway cost (FY2018$ millions) 

EW = Empty weight (pounds) 

G2 = Second generation aircraft (1 if yes, 0 if no) 

G3 = Third generation aircraft (1 if yes, 0 if no) 

G4 = Fourth generation aircraft (1 if yes, 0 if no) 

G4.5 = Generation 4.5 aircraft (1 if yes, 0 if no) 

G5 = Fifth generation aircraft (1 if yes, 0 if no) 

 

The regression demonstrated a R-square value of 

93.2%, suggesting the combination of empty 

weight and aircraft generation explains greater 

than 90% of the variation observed in the data. All 

the independent variables were positively 

correlated with T100 hours per pound as 

SUMMARY OUTPUT               

                  

Regression Statistics             

Multiple R        0.965              

R Square        0.932              

Adjusted R Square        0.907              

Standard Error        0.306              

Observations 23             

                  

ANOVA                 

  df SS MS F     Significance F   

Regression 6        20.62           3.44         36.60           0.00        

Residual 16          1.50           0.09            

Total 22        22.13              

                  

  
Coefficients 

Standard 
 Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0% 

Intercept (9.81) 1.74  (5.65) 0.00  (13.49) (6.13) (13.49) (6.13) 

Empty Weight 1.19  0.18  6.67  0.00  0.81  1.57  0.81  1.57  

Generation 2 0.57  0.24  2.34  0.03  0.05  1.08  0.05  1.08  

Generation 3 0.83  0.28  2.93  0.01  0.23  1.43  0.23  1.43  

Generation 4 1.44  0.26  5.44  0.00  0.88  2.00  0.88  2.00  

Generation 4.5 1.90  0.40  4.81  0.00  1.06  2.74  1.06  2.74  

Generation 5 2.25  0.34  6.59  0.00  1.52  2.97  1.52  2.97  

Table 2. Multiple Regression Outputs 
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expected, and all the resulting coefficients were 

statistically significant at the 5 percent level of 

error. Visually, this is shown in Figure 6. 

The graph shows us the clear stairstep pattern of 

increasing cost from generation to generation of 

fighter aircraft. It also allows us to quantitatively 

measure that growth. Assuming an aircraft with 

an empty weight of 30,000 pounds: 

Overall, the growth in cost has been 57% between 

each generation.  

We can see that tactical fighter aircraft have 

grown in cost over each generation. Now the 

question is: are they more capable? Intuitively, 

the answer is “yes” -- clearly, today’s fourth and 

fifth generation fighter aircraft could easily defeat 

its first-generation counterparts, laboring as they 

did at subsonic speeds without radars or missiles. 

Is there any way to measure this increased 

capability and relate it to the cost? 

As it turns out, the U.S. Military Aircraft Cost 

Handbook was developed as a companion volume 

to a larger study by TASC to develop relative 

measures of U.S. tactical aircraft capability (TASC, 

1980.) One of the results was an Aircraft System 

Performance (ASP) metric, which considers a 

variety of factors including payload, range, 

maneuverability, speed, target acquisition/

Figure 6. Fighter T100 Flyaway Dollars (FY18$) per Unit v. Empty Weight 

If a 30,000 lb fighter 
was…. 

T100 FY2018$ Flyaway 
($M per Unit) 

Generation 1 $12.00  

Generation 2 $21.20  

Generation 3 $27.40  

Generation 4 $50.70  

Generation 4.5 $80.30  

Generation 5 $113.20  

Table 3. Estimated T100 Flyaway Dollars (FY18$) per Unit 

for 30,000 Pound Fighter 
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engagement capability, navigational capability 

and survivability. The resulting numerical score 

can be interpreted against a baseline score for the 

F-4B (at 10). A tactical aircraft with an ASP score 

of 20 can be interpreted as a single aircraft is 

equivalent to two F-4Bs performing the same 

mission (Hildebrandt, 1986.)  

Ideally, we would be able to update these metrics 

for the three aircraft added since the TASC study 

was completed: F-18E/F, F-22 and F-35. 

Unfortunately, the author has been unable to find 

ASP metrics developed for these aircraft. But we 

can still compare flyway costs to performance 

metrics through fourth generation aircraft.  

A graph relating flyaway costs to TASC Aircraft 

System Performance is shown in Figure 7. 

Examination of the linear best fit line 

demonstrates a R-square value of 85.2%, 

suggesting the increase in T100 flyaway dollars 

per unit is highly correlated to increases in 

aircraft system performance. It is also apparent 

from the chart that each generation has a higher 

level of systems performance: 

It is also clear that this contradicts Augustine’s 

assertion that “…the unit cost being most closely 

correlated with the passage of time rather than 

with changes in maneuverability, speed, weight, 

or other technical parameters.” On the contrary, 

the graph suggests that the increase in unit cost is 

intimately correlated to the technical 

Figure 7. Fighter T100 Flyaway Dollars (FY18$) per Unit v. TASC Aircraft System Performance 

  Avg. ASP 

Generation 1 3.9 

Generation 2 9.6 

Generation 3 13.4 

Generation 4 20.2 

Table 4. Average Aircraft Systems Performance Score  

by Fighter Generation 
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characteristics of the aircraft. While the ASP 

indices are only available through the fourth 

generation, it can be surmised that the equivalent 

systems performance values would be even 

higher for Generation 4.5 and 5 aircraft – as is, of 

course, the cost. 

If we interpret the TASC systems performance as 

intended, this suggests a single fourth generation 

fighter jet is equivalent in performance to five (5) 

first generation aircraft. If this is correct, it helps 

explain another interesting fact that emerges 

from comparing U.S. fighter aircraft over time – 

the substantial decrease in production rates over 

time. This emerges vividly by plotting the annual 

production rate for the production lot in which 

the 100th unit delivers and correlating it to the 

flyaway cost, as shown in Figure 8.  

Clearly, there has been a significant decrease in 

production rates with each generation of fighter 

aircraft at the 100th unit: 

It has been suggested (Eskew, 1990) that the 

reduced production rates are a factor in the 

increased costs over time. Many analysts suggest 

high production rates produce cost savings -- 

driven by material discounts associated with 

buying larger quantities, wider distribution of 

fixed support labor and overhead costs across the 

number of units produced, and steeper learning 

curve slopes (for a review of the literature, see 

Johnstone, 2017). Accordingly, the decrease in 

Figure 8. Production Rate v. T100 Flyaway Dollars (FY18$) per Unit 

  
Avg. Annual Rate  

(T-100) 

Generation 1 510 

Generation 2 125 

Generation 3 110 

Generation 4 78 

Generation 4.5 39 

Generation 5 33 

Table 5. T-100 Annual Production Rates  

by Fighter Generation 
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production rates over time may potentially explain 

some of the increase in fighter aircraft costs. 

The problem with this analysis is it asks the 

proverbial “chicken or the egg” question: Have 

lower production rates over time driven higher 

aircraft costs? Or have higher procurement costs 

forced the services to buy fewer and fewer fighters 

with each successive generation? Or 

(alternatively) have the improvements in 

capability of fighters allowed the services to 

simply buy less of them without sacrificing the 

ability to perform the mission? The answer to this 

question is beyond the scope of this paper; 

nonetheless, it is the author’s intuition that the 

second and third answers are more plausible than 

the first. 

 

Augustine’s Law – True or False? 

We return to Augustine’s analysis of tactical 

aircraft and ask: are we really in danger of one day 

seeing the cost of a single aircraft equal the entire 

defense budget? The easiest way to answer this 

question is see how accurate Augustine’s 

predictions – made almost forty years ago – have 

matched up against our most recent experience. 

Specifically, how have his extrapolations fared 

against reality not only for tactical aircraft cost, 

but for the defense budget and the gross national 

product as well? 

As we noted earlier, Augustine’s book does not 

provide absolute numbers, but we can work them 

out from his charts. In the formulation of his law, 

Augustine assumed a nominal 15% increase per 

year in tactical aircraft costs in nominal dollars. 

Likewise, he assumed the defense budget would 

increase by 2.5% per year and the nominal GNP by 

5.5% per year. By the year 2019 (Budget, 2019a; 

Budget, 2019b), we should have had the data in 

Table 6. 

Graphically, if we fill in the actual experience since 

1980 for these three categories, we get the results 

in Table 6. Graphically, if we fill in the actual 

experience since 1980 for these three categories, 

we see the results shown in Figure 9. 

2019 Values Projected Actual 
Variance 
to Actual 

Tactical Aircraft  
Unit Cost 

$6.24B $146M 4163% 

U.S. Defense Budget $351B $689B -49% 

U.S. Gross Domestic  
Product (GDP) 

$22.5T $21.0T 7% 

Table 6. Comparison of Projected v. Actual, CY2019 

Figure 9. GDP, Defense Budget and Tactical Aircraft Trends, 1900-2050  
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Augustine’s extrapolation for GDP was quite close 

to the eventual 2019 value. He overstated the 

actual amount by only 7%, an excellent mark for 

a projection forty years into the future. His 

projection for the defense budget, developed 

from the post-Vietnam War wind-down, did not 

anticipate either the Reagan era defense buildup 

or the Bush War on Terror and therefore was 

understated by 49%. But for tactical aircraft, 

Augustine’s projection missed by four thousand 

percent. There is no six billion dollar fighter 

aircraft in 2019. Taking the F-18E/F, F-22 and F-

35 unit cost into account, the Augustinian trend 

line seems to have deflected. Since 1980, the 

growth in tactical aircraft costs seem to have 

slowed to 4% nominal (then-year) growth per 

year. Based on this, the projected 2019 fighter 

cost is closer to $145 million per copy. 

Augustine’s projections seem to have run into 

another empirical law – in this case, one coined 

by the late economist Herbert Stein (Stein, 1976): 

“If something cannot go on forever, it will stop.” 

Based on this analysis, it appears there is no 

longer any danger that our single aircraft cost 

will eventually overtake the total defense budget 

– in fact, based on this extrapolation, the lines 

seem to run roughly parallel at least through the 

prophetic year of 2154. Before we congratulate 

ourselves on our success, it seems worthwhile to 

mention that a 4% nominal growth in fighter cost 

year over year is still 1.5 times the inflation rate 

over the same time period. It means fighters are 

growing more expensive with each generation, 

and that this growth, if it persists, will continue to 

vex a Pentagon simultaneously trying to update 

its tactical and strategic aircraft fleet, its surface 

ship fleet and its nuclear weapons inventory.  

 

Development and Program Cost 

We now turn to Augustine’s conclusion that there 

has been no change in aircraft design and 

development spans despite the increasing 

complexity of aircraft design and build over time. 

Using the same dataset of fighter aircraft, 

development spans were plotted first by calendar 

year the aircraft was fielded and second against 

T100 unit cost.  

Based on a RAND database of acquisition 

milestones (Rothman, 1987), the length of 

development was defined as the span between a 

program’s initiation and delivery of the first 

production unit. In this case, the Milestone B date 

was chosen as the beginning of the official 

development effort. This is slightly different from 

Augustine’s analysis, which measured 

development contract award to first flight. First 

flight was not available from the RAND data, but 

the first production delivery was chosen as the 

next best alternative. 

Figure 10. Development Spans Over Time by Fighter Generation 
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Viewing the length of development spans across 

time, we see the results shown in Figure 10. 

Based on the data through the early 1980s, it is 

easy to see how Augustine came to his conclusion 

– development spans do not show an especially 

strong trend across time. But once we introduce 

later data for F-18E/F, F-22 and F-35A, a different 

picture emerges. Fighter aircraft fielded after 

1990 were in development substantially longer 

than prior generations.  

If we correlate development spans to T100 unit 

cost, we see the results shown in Figure 11. 

Once again, we see a correlation between 

development spans and flyaway unit costs. It is 

worth pointing out the two datapoints which are 

significantly below the trend line: the North 

American F-100 and the Grumman F-14. 

Performing a similar analysis, Eskew suggests 

that the F-100 and F-14 both benefited from 

inherited technology from other programs, thus 

shortening their development spans. The F-100 

evolved from the earlier F-86 aircraft, while the F

-14 inherited engines and avionics from the 

cancelled F-111B program (Eskew, 1990).  

Examination of the linear best fit line 

demonstrates a R-square value of 82.2%, 

suggesting the increase in development span 

months is positively correlated to T100 flyaway 

dollars per unit. But once again this fit is highly 

influenced by the addition of the F-18E/F, F-22 

and F-35A data points. Omitting those data 

points, the R-square drops to 23.9%.  

It could be argued that that F-22 and F-35 

represent peculiar circumstances. For example, 

the F-22 program, caught in the post-Cold War 

drawdown of defense spending, was rephased 

four times with additional time added to the 

Figure 11. Development Program Length v. T100 Flyaway Dollars (FY18$) per Unit 
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development program. In addition, it had design 

challenges surrounding stealth, integration of its 

avionics suites, and a new propulsion system. 

That does not explain, however, the longer span 

time associated with the F-18E/F, which had 

incremental improvements with minimal stealth, 

avionics systems mostly taken from its 

predecessor, and a derivative aircraft design 

(Younossi, 2005). Based on the experience of 

inherited technologies like the F-100 and F-14, 

one might expect it to be like fourth generation 

aircraft spans, and possibly even below them.  

That development span times have increased 

since the 1980’s is recognized by DoD leadership. 

In his 2013 implementation memo for the Better 

Buying Power initiative, Undersecretary of 

Defense (AT&L) Frank Kendall stated, “On 

average programs are taking about one year 

longer to complete development than they did 20 

years ago, but the root causes of longer program 

cycle times are not obvious, and the data includes 

wide variations” (Kendall, 2013, Riposo, 2014). In 

short, then, Augustine’s contention that “[t]he 

duration of the design and build phase of aircraft 

development programs has remained virtually 

unchanged for 40 years” must be considered 

challenged by the most recent program data. 

 

Conclusions 

For the moment, we will take Augustine’s 

humorous “laws” and treat them as literal 

assertions of truth. We can summarize the laws 

into a series of propositions, and post conclusions 

against each, as follows: 

Proposition 1: The price of tactical military 

aircraft is increasing at a factor of four every ten 

years, i.e., 15 percent per annum, and in time will 

overtake the United States defense budget and 

eventually its gross national product.  

Conclusion: Taken literally, this proposition is 

clearly false. An analysis of military fighter unit 

cost incorporating the most recent vehicles 

shows a slower rate of increase than observed for 

previous generation fighters. Extrapolated into 

the future, those costs will not overtake either the 

defense budget or the gross national product. 

Having said that, the observed year-over-year 

increase of 4% per year excluding inflation drives 

increasingly expensive fighter aircraft (and lower 

quantities) over time – which was Augustine’s 

point.  

Proposition 2: This increase in unit cost cannot be 

explained by improvements in technical 

parameters (maneuverability, speed, weight, et al.) 

and are seemingly inherent characteristics of these 

systems. 

Conclusion: This conclusion does not seem to be 

supported by analysis. The strong relationship 

between the TASC metrics of aircraft 

performance and unit cost for first through fourth 

generation fighters suggests that the increase in 

unit cost is correlated to the technical 

performance of the aircraft.  

Proposition 3: Aircraft design and development 

spans have not increased over time despite 

advances in technology and design complexity. 

Conclusion: This proposition was supported by 

the data through the early 1980’s. However, 

military fighter aircraft fielded after 1990 do 

show an increase in aircraft design and 

development spans, a trend which has been 

recognized by DoD leadership. This change is an 

unwelcome development, since it represents a 

lengthening of the “time to market” for 

warfighters to make new capabilities available for 

the battlefield.  

So why do Augustine’s laws still have lasting 

appeal? Because most reader – recognizing that 

Augustine’s tongue is firmly planted in cheek – 

recognize his laws should not be read literally but 

appreciated for the greater truth they represent. 

It is no question that military fighter unit costs 

are increasing at rates higher than inflation and 

that those rates have compounded significantly 

over time: fifth generation fighters are almost ten 
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times the cost of their first-generation 

predecessors. And this has profound implications 

for the sixth generation of fighter aircraft, which 

have already begun their initial DoD studies. For 

if history holds true, we can expect this next 

generation of aircraft will likely cross the $200 

million per unit threshold.  

Or they may not. The slowing of cost growth from 

the early 1980s when Augustine performed his 

original analysis gives some hope that the trend 

might be reduced further, or even reversed. It is 

possible that the Digital Revolution in design and 

manufacturing might offer a route to make this 

happen, as recently suggested by Dr. Will Roper, 

the former Undersecretary of the Air Force for 

Acquisition, Technology and Logistics. (Trimble, 

2019.) At the same time, cost analysts must 

recognize such a happy event would be a strong 

break from the past seventy years of history. The 

feasibility of doing just that, however, is beyond 

the scope of this paper, and a subject for another 

time.  

It seems appropriate to close with a word of 

warning: this analysis – and Augustine’s own – 

hinge on the validity of extrapolating historical  

 

data into the future. One cannot do better than 

Mark Twain to outline the risks of doing so:  

In the space of one hundred and seventy-six 

years the Lower Mississippi has shortened 

itself two hundred and forty-two miles. That 

is an average of a trifle over one mile and a 

third per year. Therefore, any calm person, 

who is not blind or idiotic, can see that in the 

Old Oo litic Silurian Period, just a million 

years ago next November, the Lower 

Mississippi River was upward of one million 

three hundred thousand miles long, and 

stuck out over the Gulf of Mexico like a 

fishing rod. And by the same token any 

person can see that seven hundred and forty-

two years from now the Lower Mississippi 

will be only a mile and three-quarters long, 

and Cairo and New Orleans will have joined 

their streets together and be plodding 

comfortably along under a single mayor and 

a mutual board of aldermen. There is 

something fascinating about science. One 

gets such a wholesale return of conjecture 

out of such a trifling investment of fact. 

(Quoted in Huff, 1954.)  

Augustine’s assertion that cost growth of 

highly complex systems is an inherent 

characteristic of those systems applies – as 

he indicated himself – to the commercial 

world as well as defense systems. In his 

book, Augustine graphs the cost of 

commercial airliners and produces a similar 

growth trend as tactical aircraft (Augustine, 

1983).  

To verify Augustine’s claim, a similar cost 

database for commercial airliners was 

assembled. The data was limited to 

commercial passenger jets, both wide body 

Appendix –  

Commercial Jetliner Aircraft 

Figure 12. Reprinted with Permission of Norman Augustine 
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and narrow. Lee (1990) was the primary source 

for cost data for jetliners introduced before 1995. 

T100 unit cost is not available and even if it were, 

it would be of doubtful utility. Commercial 

aircraft prices are frequently delinked to actual 

costs. Manufacturers routinely offer early units at 

prices below cost, hoping to establish their 

product in the market and recover losses later in 

the product life cycle once the model is safely 

established in the marketplace. Instead, Lee 

reported the listed aircraft price at the time of 

introduction. Lee’s values, reported in constant 

year 1995 dollars, were escalated to CY2018 

dollars using the U.S. GDP implicit price deflator 

(Federal Reserve, 2019). For aircraft introduced 

after 1995, the cost data was supplemented by 

press releases of published prices and other 

sources (Airliner.net, 2013, Airbus, 2018a, Boeing 

2019) normalized to CY2018 dollars. The final 

database was comprised of 46 aircraft models, 

the most recent being the Boeing 737 MAX.  

It is useful to segregate the jetliner dataset 

between long range (>4000 nautical miles) and 

short range (<4000 nautical miles). Examples of 

short-range jetliners include the Airbus A220 and 

A320, the Boeing 717, 727 and 737, the Douglas 

DC-9 and the McDonnell Douglas MD-80. Example 

of long-range jetliners include the Airbus A300, 

A310, A330, A350 and A380; the Boeing 707, 720, 

747, 767, 777 and 787; the McDonnell Douglas 

DC-10 and MD-11, and the Lockheed L-1011. 

A view of the CY2018 dollars per pound against 

the year of introduction shows a sizeable increase 

over the 1960-2019 time period, as shown in 

Figure 13. 

The annualized growth in constant year dollars is 

2.4% per year for short-range aircraft and 2.0% 

per year for long-range aircraft. This is 

approximately half of the annualized growth in 

military fighter aircraft.  

The taxonomy of commercial aircraft generations 

is much more poorly defined than its military 

equivalent, and there is no agreement among 

Figure 13. Commercial Aircraft Price per Empty Weight Pound Over Time  
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Table 7. Technology Advances in Commercial Aircraft Over Time  

sources. Table 7 summarizes 

changes in commercial jetliner 

design in safety features, 

engine performance, and 

materials usage (Airbus, 

undated, Airliners.net, 2007, 

Hiken, 2018). From this table, 

approximately four or five 

generations of aircraft designs 

can be identified, each more 

technologically advanced than 

the other. While this evolution 

is perhaps not as radical as its 

military equivalent – these 

aircraft examples operate at 

subsonic speeds, none carry 

weapons, and all are highly 

visible on radar – nonetheless 

it seems reasonable to suppose 

that the higher costs of 

commercial transport are also 

tied to higher levels of 

technical performance. 

Table 7. Technology Advances in  

Commercial Aircraft Over Time  
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