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Mitchell Hour in progress … 
 
Dr. Grant:   — aircraft from the U.S. and allies during the Battle of San Miguel in 
September 1918.  We look back at this as the first extensively planned use of air and 
integrated joint campaign, done under the command of an American with a great deal of 
allied support.  We named the institute after him to recognize his operational 
contributions, also his interest in maintaining research and technology base which I 
think we see amply demonstrated in the famous 1921 battleship bombing tests that were 
done off Hampton Roads, and also to recognize Mitchell‟s belief in the importance of 
writing on air power and in mentoring future Air Force leaders.  One of his greatest 
legacies, of course, was is mentorship of the greats of World War II — Hap Arnold, 
Tooey Spaatz, Ira Eaker — and he left a tremendous legacy to air power and to airmen of 
the future. 
 
That‟s the Mitchell Institute.  What we‟re here to talk about today is a bit of history, a bit 
of the present day, and what it all means for air power in the future. 
 
I am delighted to have two tremendous authors.  I hope you picked up their study here 
in the back.  We‟ve named it simply “Arsenal of Air Power”.  This study for the first time 
puts together the entire United States Air Force inventory of aircraft from 1950 through 
2009.  We know that there is no other place in which this document work is assembled 
in the same way.  This is it for a tremendous age of air power.  It‟s all represented here.  
That‟s why it runs to over 80 pages in the spread sheets, a tremendous, in my view, 
philosophical, historical work.  I kind of wanted to have this printed on calf skin bellum 
so it would survive through the ages, but Suzanne here talked me out of it.  [Laughter].   
 
Let me tell you a little bit about our speakers and then turn it over to them.  Dr. Chris 
Bowie has a PhD from Oxford University, is the Corporate Director of the Northrop 
Grumman Analysis Center.  He has worked at RAND, has served in government on the 
Air Staff, and I think is probably the number one aerospace analyst in the United States.  
His colleague, Dr. James Ruehrmund, is a retired Air Force Reservist.  He is the one 
who largely put together most of this database, partly while serving on active duty, 
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mobilized during Operation Iraqi Freedom, and then throughout other stints of active 
duty on the Air Staff. 
 
Without further ado I want to turn it over to our speakers to explain what they‟ve put 
together and the implications for air power. 
 
Dr. Ruehrmund:  What we‟re going to do today is have a two-part presentation.  I‟m 
going to give the background of the inventory, how I did inventory, problems relating to 
the inventory, and then Chris Bowie is going to give the analysis part.  So it‟s kind of a 
tag team kind of deal here.  I have more details than you probably want to hear about, 
but some of it‟s really interesting, actually.  
 
I think someone made a reference earlier that for the real nerd, they‟ll get really excited 
by this kind of stuff.  [Laughter].   
 
As I said, I put this together, the database part of it.  Just to clarify things, the data is 
actually TAI which is Total Active Inventory, and that consists of a number of sub-
components — primary aircraft inventory, backup aircraft inventory, and [inaudible] 
reserve.  And the reason I settled on this is because it‟s probably the most useful 
number, and it‟s also the only one that was available for the entire period of time.  I‟ll get 
a little bit more into that. 
 
I say this was developed in two phases.  It was kind of a project that was started under 
Dr. Bowie‟s direction, I think it was his idea for it originally.  I may have done some 
work on it in ‟04 even.  ‟05, and I think it was finally finished in ‟06.  I came back to it, 
last spring I was sitting at my desk minding my own business and my phone rang and 
there was a voice from the past.  I thought there‟s going to be some work involved in 
this, I know.  [Laughter].  It was Dr. Bowie asking me if I could bring it up to the 
present, from ‟04 up to the present.  Like I said, there were some distinct phases to this 
thing. 
 
The first phase really I completed FY50 to ‟03.  The primary source there was the United 
States Air Force Statistical Digest which is an arcane publication.  For many many years 
it was I paper, and more recently it‟s been electronic.  And more recently, you probably 
couldn‟t find a copy if your life depended on it, so really you have to depend on the Air 
Force Magazine‟s annual, their almanac issue. 
 
When I was doing the paper research from FY50 to ‟03 I was going over to the Air Force 
History Office over at Bolling.  They actually had all the early copies of this thing and I 
was able to use them, make copies of them, and make good use of that.  Then when I 
came back to this in the spring, I was basically, I had to depend on Air Force Magazine‟s 
almanac issue because I don‟t have access to all that other stuff anymore.  I‟m not 
working on an Air Force contract now.  I actually work for a company that works for 
DLA, but I‟m not working with the Air Force.  Then as you can see up here, I also used 
some ICBM figures that were derived by the late Dr. Kevin Lewis.  You‟re thinking okay, 
maybe some of you really couldn‟t care less where all this stuff came from, but I have a 
Master‟s degree in History from the University of Virginia; I also have an MBA.  So MBA 
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means numbers, the history degree means obscure sources and things like that.  
[Laughter].   
 
I was calling Dr. Bowie, I was so excited about this for many many many years.  One of 
my favorite books of all time has been a book called The Historian As Detective by a 
fellow named Robin Winks.  It came out in 1968.  I‟ve already gone through two copies 
of it.  It‟s a collection of essays about historians evaluating evidence.  I thought this is 
really great, this is what I‟m doing.  I‟m a historian and detective here.  I had to make a 
lot of decisions.  I had to look at things and say what is this?  Put a magnifying glass and 
say what is this thing I‟m looking at here?  That posed some real serious problems in 
putting together what you see, the study to look at, look at those numbers and say oh, 
this is nice and neat.  They probably just came from a big spreadsheet or from a book, he 
entered it all in two or three days.  This is something that took months. 
 
But basically this is kind of like the overall chronology of how the thing was put 
together.  If you want me to I‟ll discuss some of the challenges that were involved in this 
thing. 
 
One of the biggest challenges is that since FY50, the last 60 years the Air Force has had 
almost 400 different types of aircraft, so that in itself poses some very serious problems.  
What happens is you‟ll see in the statistical digest that this is not one document that‟s 
stayed the same.  It was changing over time.  It was changing the definition of what it 
considered the TAI.  I was thinking how am I going to explain this?  How do you connect 
the pieces together? 
 
I remember going to the British Museum and seeing the Rosetta Stone.  The Rosetta 
Stone is a good example of the problems faced.  It wasn‟t until we had the Rosetta Stone 
that we could make sense of these ancient languages.  Now we had kind of a key.  And 
the problem I had is sometimes the numbers didn‟t completely match.  So I had to figure 
out what is the same number from the previous version.  That was kind of tricky 
sometimes.  I think I made a really good effort at solving that problem. 
 
For example from FY50 to FY55 the Air Force categorized aircraft as either active, first 
or second line; or inactive, first or second line.  I told Dr. Bowie, this sounds like a naval 
classification, like they were borrowing something from the Navy.  Really, the Royal 
Navy might have used this classification one time. 
 
Then in FY56 they switched and started referring to them as active operating and active 
non-operating or inactive.  Then from FY80 to the present they dropped that distinction 
completely.  So it was a real problem making sure I was using the same set of numbers 
over time. 
 
Then on top of that the level of detail varied a great deal.  Back in the „50s for example, 
the F-86, they‟d give you a total number some years, and some years they‟d break it up 
by model number like A, B, D, F, H, K — six different models.  Well, that would have 
been nice but the problem is they didn‟t consistently do that, so I‟d have to go back and 
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add them all up, come up with a total number.  And then some years they‟d just the total 
number.  So that was kind of disturbing, to say the least, a little challenging. 
 
You see the challenges resulting in overall classifications.  You think fighter planes.  
Some years it was like fighter and attack.  Some years it was just attack and fighter.  We 
have designations now, overall categories, that didn‟t exist in the „50s.  For example, 
attack aircraft.  That wasn‟t a category that really emerged until the 1960s.  And in the 
„50s you had some categories that have disappeared.  Let me give you a good example 
about this. 
 
For example, in the 1980s under reconnaissance aircraft you had RC-135s.  You also had 
C-135s in the same category.  Was that simply a misprint?  Were they the same aircraft?  
No, it‟s [inaudible] different.  Also you‟d see like EC-121, and C-121 under 
reconnaissance.  Were they the same aircraft or were they different aircraft?  Problems 
like that.  And of course helicopters have been a very troublesome area because the 
designations have changed for those aircraft.  I think I used the example here of UH-
34s.  The H-34, the HH-34, the CH-34, SH-34.   
 
Let me tell you something, when I was a kid, this is really crazy, but when I was a kid I 
liked the aircraft recognition manuals.  I really did.  I have a set that I bought when I 
was 13 years old.  I hadn‟t used it in years.  I pulled them off the shelf and actually went 
through to see what some of these aircraft were that I was looking at.  I was telling Dr. 
Bowie this, there was something called an N-156.  What in the heck is an N-156?  
[Laughter].  He didn‟t even know.  It was an early version of the F-5.  I had to go and do 
some digging around to find out what this was.  I thought maybe it was just some kind of 
a typo or someone had just thrown that in there.  There was like one.  One.  And you 
know, it took a little bit of research, but it was kind of fun.  The detective work side of it. 
 
The other problem is — I wouldn‟t call this a problem, it‟s more of an observation, the 
Air Force has evolved and changed and transformed itself.  You have whole categories of 
aircraft that have just disappeared.  In fact in the „50s the Air Force had a very large fleet 
of gliders.  They also had a very large fleet of small utility planes.  By the end of the „50s 
all those were gone.  And of course as I mentioned earlier, in the 1960s, you started 
seeing attack aircraft.  And sometimes what‟s considered an attack aircraft, in some 
cases there were planes with the A designation which you think is attack, they included 
under bombers.  So where do you finally put those things?  If you‟re going to have a 
category called attack you really want to see planes with that A designation down on the 
bombers.   
 
I guess my final comment here, next to final comment.  I‟d make note that the real 
challenge was to stitch these three different blots, major blots, of Statistical Digest, Air 
Force Magazine, almanac issues, paper documents, spreadsheets, and electronic 
documents.  So it was a scary thing doing anything that has Air Force Association 
associated with it sometimes.  I‟ve been reading the magazine now for probably 30 
years.  And you know, someone will write a really great article about some historical 
aspect of the Air Force involving aircraft and flying units.  In the next issue there are 
people writing in and swearing up and down they served in that unit and no such 
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aircraft ever appeared in it.  [Laughter].  So it‟s kind of scary to kind of put yourself out 
there claiming something involving aircraft in the Air Force because someone‟s going to 
say no, that wasn‟t true.  I was there at that time and we didn‟t fly that plane.  We flew 
20 instead of 3.  
 
I guess the way I see it, this is kind of a work in progress.  Maybe we‟ll add onto it each 
year, or wait two or three years and add onto it.  People might say there‟s a typo there.  
I‟m used to writing publications and I know how this works.  You‟re always revising and 
perfecting and improving.  
 
I guess my final comment, a personal note, I grew up in the „50s and the „60s and when I 
was a kid I was crazy about the Air Force.  I was telling my wife, I was so touched that 
Chris had this background.  I don‟t know if you can see this clearly, but the plane in the 
background is a P-58.  I was so touched by that.  I remember when I was eight years old, 
I had this clunky coaster brake bicycle, blue, a basket on the front.  And I remember I‟d 
ride down the driveway pretending I was flying a P-58, so that he would put that up 
there just made my day.  I was very touched by that. 
 
I guess the thing is, the purpose of all this, compiling of a database, was not just 
intellectual entertainment or kind of intellectual equivalent of doing crossword puzzles, 
I guess, but to do something with it.  Dr. Chris Bowie, I‟ve known him now almost eight 
years.  I have never met anyone who is as passionate about taking history and putting it 
to good use for senior decision-makers, to help them make better decisions, help them 
understand how the past can possibly shape the future.  And sometimes the voice of the 
historian is a very lonely one, and sometimes people don‟t always listen.  But I always 
say if they don‟t listen to him, they do so at their own peril.  Really, seriously.  He‟s done 
some great work and I‟ve enjoyed working with him, and I‟ll now turn it over to you. 
 
Dr. Bowie:  Thank you, Jay. 
 
I think you have some appreciation of the amount of work that went into the database, 
and Rebecca is posting it on the Mitchell web site, Excel spreadsheet.  Why I asked Jay 
to tackle this back ‟03, ‟04 was I kept seeing the Navy had this historical database of 
ships.  You could do all these wonderful graphs.  There was no such thing for the Air 
Force.  I tried to build one in 1990.  I know Dr. Lewis had done a couple of cuts at it.  But 
there wasn‟t sort of an agreed upon one. 
 
Anyway, many thanks to Jay.  It was an enormous amount of work. 
 
I‟m going to talk about what does it mean?  I‟d like to start off with this chart, which is 
basically if you take the budget divided by the number of aircraft, the cost per aircraft.  
Again, I‟m a history major and not real strong in math, but there‟s a definite trend here.  
[Laughter].  This is what Air Force planners grapple with every year.  Every element of 
air power goes up in cost each year.  Your airplanes cost more, your people cost more, 
your health care and retirement costs more, your base operating costs cost more.  So 
how did the Air Force deal with this and maintain this highly capable force?  That‟s what 
I‟m going to talk about. 
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I also wanted to just offer this perspective for you to consider.  This table shows the 
average budget in constant year dollars in the „50s for the Air Force and its percent of 
GDP, compared to the last ten years.  So the Air Force today is significantly smaller than 
the Air Force of the „50s as you‟ll see, but far more capable than you can see anywhere 
on the planet.  We can send vast streams of data anywhere in the world.  We can deliver 
cargo or precision weapons anywhere on the planet within hours.  That is not something 
the force of the „50s could do, even though it was very large.   
 
Just for perspective, what other agency of the U.S. government offers you more for less?  
Just a perspective.  That‟s through the grappling of the planners with this cost pressure. 
 
This is Jay‟s database with the inventory and it‟s in the publication.  You can probably 
see it a little clearer.  There‟s a pattern here.  You have certain periods of stability, 
decline, a long period of stability during the Cold War, here we have the decline 
following the Gulf War and the implementation of General Powell‟s base force.  It‟s been 
remarkably steady since. 
 
So how can you maintain that stability in the face of this cost pressure?  This is my 
theory.  The Air Force senior leadership comes to a political consensus on the force level 
that‟s about right.  That they‟re comfortable with.  Then they do everything possible to 
maintain that force level, and it‟s a series of incremental increases in efficiency with 
some periods of fairly dramatic change. 
 
My favorite example is in the 1950s General Eisenhower was President and he was very 
concerned about the deficit, about defense spending, and that it would undermine 
American economic power.  So he wanted a cheaper way of achieving national security.  
His view is that that was through the Air Force and nuclear weapons.  The Air Force 
gained a significant increase in budget share and with that they purchased a huge 
number of bombers.  When those were viewed as vulnerable on their forward bases, 
they purchased tankers so that they could launch from the United States and have more 
warning. 
 
But then with the advent of the ICBM the Air Force made the decision, and it was a 
complex decision, to buy a thousand of these things and put them in holes in the ground 
and retire a thousand bombers, or more than a thousand bombers.  Now this is an Air 
Force that was run by bomber pilots from World War II, and they took all those B-47 
pilots and put them in those holes in the ground.  You can just imagine the cultural 
change that required.  But what it did was these were a much cheaper way of providing 
deterrence than doing it with manned bombers.  And the monies freed up from that 
could be used in the rest of the force to buy other stuff.  But that‟s sort of a dramatic 
change in force posture, but I‟ll talk about more subtle improvements in efficiency over 
time. 
 
Now at some point you can no longer deal with the cost pressure and you have a 
divestment.  The most dramatic is the case of the air defense fighters.  The view was that 
they were kind of irrelevant in the age of ICBMs, so the Air Force basically divested 
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several thousand fighters and their crew.  North American Air Defense Command 
shrank dramatically.  Again, a huge cultural change for the institution.  But it was 
necessary because of the financial pressures.  We‟ll talk about some other examples 
here. 
 
One way the Air Force has dealt with cost pressure is through growing use of the Guard 
and Reserve component.  And the Guard and Reserve are part time so they are cheaper 
than going with the active component.  There are limits to how much of the force can be 
Guard and Reserve because the active provinces the trained manpower to the reserve 
component. 
 
I think the Air Force has an advantage here over the other services in that because of the 
speed and mobility of air power, a commercial airline pilot can fly a refueling mission in 
theater one day, and be back the next day to resume his civilian job.  That‟s not 
something you can do if you deploy a Marine brigade or put a sailor on a ship.  So the 
Air Force has an advantage there and they‟ve utilized that in order to keep costs down.  I 
think you‟re likely to see probably a further growth in this in the future.  But again, 
there‟s a balancing point that they have to watch. 
 
Fighter force structure.  This shows, again, that huge growth in the ‟50s and then they 
were all retired.  There‟s a pattern here.  The angle of the curves starts to flatten out after 
the „50s.  First you have the century series fighters here, from the „50s.  They soldiered 
on a long time.  Then the F-4, then the F-15, F-16.  Those curves become almost flat.  So 
there is sort of an interesting, I‟m not quite sure how to quantify this, but the Air Force 
has had a tradition of going for cutting edge advanced technology aircraft, or systems.  
And that costs you more up front but with upgrades it yields long service lives.  You can 
maintain them as operationally viable systems for a longer period of time.  So you invest 
a little more up front, but you get a longer service life.  So the issue is, is the current 
emphasis on going for the 75 percent solution, is that penny wise, pound foolish?  I don‟t 
know how to quantify that.  But history shows that the investment in advanced systems 
has paid off by yielding long service lives.  So something to think about. 
 
Here‟s your airlift force structure.  Very similar pattern to the „50s with the fighters.  You 
had cats and dogs of every kind, large numbers, then it flattens out.  And we bought the 
14 in the early „60s under McNamara, they wanted the ability to deploy a division in ten 
days anywhere in the world.  We procured C-5s as sort of the outsized cargo aircraft 
[inaudible].  Those curves flatten out.  C-130s, remarkable longevity.  Then the C-17.  
And here‟s kind of another case study of Air Force decision-making in the face of cost 
pressure. 
 
The Air Force had 275 C-141s.  In the „90s the C-17 had had its troubles.  The debate was 
do we keep the 141s and schlep them, or do we buy C-17?  And the argument or the 
advocacy for the C-17 was as follows.  The aircraft is more agile on the ground, so I can 
get a higher throughput through ports of debarkation; it carries more; and it‟s far more 
reliable and maintainable than the aging 141s.  Therefore, if I increase the crew ratio, 
and I believe the crew ration on the 141s was around 3, they went to a 5.0 crew ratio on 
the C-17s.  So you had all those 275 crews, they were all put onto the C-17s so I can get a 
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very high utilization rate.  The argument was, 120 C-17s provided more capability than 
275 C-141s because higher tempo operations, so on and so forth. 
 
In retrospect, that was a really smart move because the 141s, I believe, had an unfixable 
structural problem.  In fact I think some are still over in Germany because we‟re afraid 
to fly them.  [Laughter].  So we could have had a catastrophe in that the backbone of 
your airlift force would have been gone.  Then with the C-17, it has proven a very 
successful system.  Then there has been congressional pressure to add to them and we‟re 
now around 220, 213.  So again, this force as it grows a little more probably has more 
capability than that huge force. 
 
Some other examples, dealing with that cost pressure.  Some we‟ve covered.  I like this 
one.  Weather satellites.  The Air Force used to have this huge infrastructure around the 
world to predict the weather because it‟s important to operations.  There was an 
increased cost of putting up a satellite, but you could get rid of that huge ground 
infrastructure, so that was very cost effective.  You had some similar aspects with ISR.  
We used to have a very large, as Jay‟s database showed, a very large reconnaissance 
force.  But a lot of that was supplanted by space-based systems.  We could retire the SR-
71, most of the U-2s.  There were all these secret reconnaissance drones from the  
„60s, so on and so forth.  And in addition, you didn‟t have all these overflight issues and 
shoot-downs of aircraft like we do now. 
 
GPS.  We all use GPS day to day.  I believe the banking system actually cannot function 
without the GPS timing signal.  But in the Gulf War in 1991 five percent of our combat 
force could deliver laser-guided precision weapons.  It is estimated that each sortie 
flown by an aircraft equipped with precision weapons was 13 to 26 times more effective 
than a sortie flown by a non-precision.  So when, with GPS they developed these 
precision guided weapons that use the lat/long from the satellites, and they were all 
weather, so they were actually somewhat better than laser in that they could be 
delivered through the clouds.  Your whole force could deliver these.  That meant that 
you're now, in theoretical terms, your force overall was 13 to 26 times better.  That‟s a 
phenomenal increase in capability.  If you look at weapons delivered in combat, the vast 
majority now are these low-cost precision guided weapons. 
 
The other thing GPS did was it really was the cornerstone for remotely piloted aircraft.  
The problem with UAVs or RPAs, whatever the right term is now, is that before they 
used inertial mass system.  They didn‟t know where they were and the operators didn‟t 
know where they were.  With GPS you knew where it was and you knew where its 
sensors were pointing.  
 
So GPS enabled really the advent of this growth we‟ve seen in UAVs.  I talked precision 
weapons. 
 
Stealth had an impact that people didn‟t really quite realize at the time, but in order to 
get a non-stealth aircraft into a target you needed a package of assets to support it in 
order to suppress the defenses and deal with enemy fighters.  Then you could get a small 
number in over the target.  The problem was you had to mass such a large portion of 
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your forces into discreet groups, it limited the number of targets you could strike 
internally.  With, we found, in the Gulf War with the F-117s, we were able to distribute 
strikes across the target set and achieve really a paralysis and a stunning of the 
adversary.  So exactly how you measure that, I‟m not sure, but it‟s an aspect of stealth 
that we really had not appreciated at the time. 
 
We talked about there‟s a payoff to going with advanced systems. 
 
Aerial refueling.  If you designed every aircraft to have more gas or more endurance or 
more payload, that aircraft will be enormously more expensive and may not be able to 
do the mission.  But if you have an external source for the fuel you get all the advantages 
— more endurance, more range, more payload, more flexibility, global reach — at a fairly 
reasonable cost.  Our tanker force has really been a critical element of America‟s global 
reach around the world. 
 
The Air Force has made very good use of upgrades.  KC-135Rs.  SAC used to estimate, 
Strategic Air Command for those that don‟t remember, that a re-engined KC-135A, the 
KC-135R, was 50 percent better than the A.  So that means for this modest investment in 
engines I got 50 percent more capability.  That was a bargain.  
 
C-141s.  When we bought those, the A model, it was not refuelable.  So after the 1972 
Arab Israeli War there was Operation Nickel Grass, the airlift to Israel.  The Air Force 
realized that if they had not had [lodges], the only aircraft that could have done the 
deliveries would have been the C-5.  So they implemented a program to put a refueling 
receptacle in it, and at the same time they put a fuselage plug which I think increased 
volume about 30 percent.  So you got, again, for a very modest investment, you got more 
capacity and far more flexibility through the advent of refueling. 
 
B-52s, we all know all the changes that that aircraft has gone through, all the various 
weapons it carries, so on and so forth.  And they ought to re-engine it.  I think it would 
pay for itself.  It‟s just a great truck.  It appears to have a lot of service life. 
 
B-2.  When that aircraft came into service, there were a lot of issues regarding the 
maintenance of it, low observable coatings on it.  They developed a new material, this 
alternative, extremely high frequency, as sort of a [magram] that you spray on.  So the 
reliability, your operationally ready rate has increased significantly, your maintenance 
requirements have gone down. 
 
In addition the B-2 when it came in had carried 16 precision-guided weapons.  It now 
carries 80.  And if it goes to the small diameter bomb I think it goes to 160. So again, 
you get a tremendous increase in capability. 
 
Then again my favorite, that ICBMs took the place of bombers.  What an elegant idea. 
 
We actually have the gentleman who developed the slide.  JP, do you want to stand up?  
[Laughter].  What this chart shows, this is something JP did on the Air Staff by request, 
and it shows where the Air Force‟s money went as a percent of its budget over time.  



 

10 

 

 
Now this question is always asked and no one had ever done it.  I‟ve always thought this 
was a magnificent chart. 
 
Let me just give you a few, there are some interesting aspects about this chart.  The first 
is on the bottom we have, we call it the foundations.  Headquarters, test and training, 
health care, and your base costs.  And we kept the base costs separate from the weapon 
system.  Why would you saddle a weapon system with a base cost?  It could be a 141 or it 
could be an F-16.  So over time what you see is that the foundations have been 
winnowed to a reduction of about 15 percent in relative terms. 
 
They always say in planning it‟s easy to get ten percent.  Boy, that next ten percent‟s a 
bear.  The question is, how much more could you extract out of this?  Unless you have a 
BRAC.  You need a BRAC to get any more out of it than that. 
 
On the top is your combat forces, and there you see a contraction and TOE of again, 
about 15 percent in relative terms.  So basically if you were to eliminate all Air Force 
combat units you‟d only save about 25 percent of the budget.  That‟s because the Air 
Force really is the only service that puts the majority of its money into joint forces.  
Mobility forces, ISR, and where the huge growth is, basically we‟ve contracted the 
foundations and the combat forces in order to accommodate space.  That‟s where the 
growth has been.  That‟s a backbone of our American military machine.  Again, thanks 
to JP. 
 
I would like to add one thing.  This chart was done using the ABIDES database.  That‟s 
the database that when McNamara came into office in 1962 he wanted a better sense of 
where his money was going.  All these services had to develop their budgets according to 
these major force programs and so on and so forth.  This has Air Force spending in 
excruciating detail back to 1962.  It‟s unclassified.  Why won‟t the Air Force make that 
available?  Because if you know the — basically you have money that you input and it 
yields an output in terms of forces.  This is what is needed in order to complement what 
Jay has already done, but it‟s not available to — anyway, I would offer a plea from 
historians to make that database available. 
 
What next?  You see in the stair-step pattern, and I would say we‟re about to step off the 
riser, about to step off the step in our next journey.  All the signs are there.  I think 
they‟re somewhat worse now in that the force is at an unprecedented average age and 
the numbers of aircraft we are acquiring will not maintain the force levels.  We‟re going 
to have I think a significant reduction in spending. 
 
So what to do about it?  I have two suggestions for the Air Force to consider.  The first is 
I think there needs to be a more aggressive push into directed energy.  I think directed 
energy has the potential to offer an increase in capability similar to what we‟ve seen out 
of precision weapons, which is a ten-fold or twenty-fold increase.  But it allows you to 
defend your systems.  You have unlimited magazines, enormous accuracy, speed of light 
muzzle velocity, significant reduction in logistical requirements.  It all sounds good.  The 
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problem with directed energy is they always say, since the 1960s, it‟s been a weapon of 
the future.  It‟s always a weapon of the future.  But it appears we‟re getting pretty close. 
 
The second is, I think the Air Force needs to take a more aggressive attitude toward 
unmanned systems.  I think unmanned systems are the ICBM game changer for the Air 
Force.  Air power is an equipment intensive activity.  If you do not have airplanes or 
spacecraft, you do not have aerospace power.  That‟s why numbers do matter.  And what 
my analysis of unmanned systems indicates is that for ISR, unmanned ISR systems are 
one-third of the ownership cost of manned.  So that means for every dollar I invest I get 
three times more capability. 
 
Why is that?  The reasons are that I have much longer endurance.  I‟m not constrained 
by pilot endurance.  I don‟t need to have this large collection of aircraft to conduct 
training on because I can train on the computer.  And I‟ll fly significantly fewer overall 
hours.  So the combination is I‟m about one-third the cost. 
 
That same cost equation appears to describe combat UAVs as well.  I know there are 
issues related to them.  But it appears that unmanned systems may offer a way out of 
falling off that step. 
 
Then there‟s a related aspect to them.  You‟ve all seen JPs chart, that growth in the space 
component.  Could long endurance, very long endurance, unmanned, air-breathing 
systems, offer an alternative at lower cost to space systems?  That‟s a matter for analysis. 
 
Anyway, thank you very much. 
 
[Applause]. 
 
Dr. Grant:  Thank you both for that great presentation.  I want to open it up for 
questions at this time. 
 
Question:  You finished off by talking about the benefits of unmanned systems.  I‟m 
just curious, from what I can see in your graphs, they pull that data exclusively from 
manned systems.  Have a look at the effect on the current fleet of remotely piloted 
vehicles on [inaudible]?  Or is that something that [inaudible]? 
 
Dr. Bowie:  I don‟t know.  Are the Predators in there?  [And Global Hawk] RQ-4s?  
 
Dr. Ruehrmund:  I think they are.  
 
Dr. Bowie:  That data is based on looking at the acquisition of the system and then the 
operating cost of the system.  It‟s not in this database.  But DoD is planning to have 
approximately 700 unmanned systems, I think it‟s about 100 Global Hawk [bands] and 
600 or 500 Predators of various types by 2020.  They have that inventory projection the 
published a couple of months ago.  That‟s the current plan. 
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I‟m just wondering if, suggesting maybe we ought to take a little more aggressive look at 
that. 
 
Question:  How do you think the mature system if the [inaudible] systems affects your 
graphs.  I guess by [inaudible] to numbers and in terms of [inaudible]? 
 
Dr. Bowie: The actual unit cost per system probably is not all that different.  The 
operating cost is significantly lower.  But you've made a huge investment in manned 
systems to date.  You want to leverage that investment.  So you‟re going to have manned 
for a long time.  The question is how aggressive do you want to get in your mix?  How 
quickly do you want to introduce in particular combat unmanned systems?  The Navy 
has the UCAS system.  Does the Air Force want to go that route? 
 
Question:  This is an excellent study and I really want to thank you, and I realize this is 
probably something that would kill your average person to produce, so I really do 
appreciate the work that goes into it.  There are a few things that leap out.  One is, as you 
very insightfully present, C2ISR is tremendous [inaudible] and I‟d like your opinion as 
to why that has increased over time.  That‟s something that really should be in a very 
very declining curve with increased technology.  And you very insightfully pointed to the 
rising cost of flying hours.  It‟s almost a five-fold increase over the next term.  That‟s 
something that cries out to me for a bit spotlight on it.  What‟s driving that? 
 
Dr. Bowie:  We‟re just presenting the data.  [Laughter].   
 
Question:  You collect numbers, then you [inaudible].  I‟m curious if you have any 
thoughts — 
 
Dr. Bowie: On the Space C2ISR, there‟s been a significant increase in requirements for 
that.  You have a desire for much more bandwidth and secure communications.  You 
have a requirement for information systems, shall we say, that was not present in the 
„60s.  I think your launch costs have gone up significantly.  The size of your satellites has 
increased significantly compared to the „60s.  What I see in the space arena is you have a 
growth in the size of the satellite and their capability.  They‟re far more capable.  The 
question is are you going to too small a number?  Are you inducing the vulnerability by 
having a decline in the number of constellations?  
 
The other thing with space systems is, you have to replace the constellation every ten 
years.  About the average life of a satellite I think is about ten years.  And each follow-on 
has more capability, but it‟s more expensive, so you see that.  I think that‟s partially that 
growth. 
 
The third point is, if someone could figure a way out of that cost growth increase in 
space systems, they‟d be a very popular person.  [Laughter].  People are wrestling with 
that.  I know the Air Force space community is concerned about the, it seems the 
exorbitant increase in cost of each launch. 
 
And your other question was the increase — 
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Question:  Flying hours.  [Inaudible]. 
 
Dr. Bowie: I think flying hours would include people and fuel and spares.  Right?  All 
of those are increasing in cost over [inaudible].  
 
Question:  Since 1981 [inaudible].   
 
Dr. Bowie: I‟m sorry, I don‟t know. 
 
Question:  In that area if you could find [inaudible] talents, those two problems 
[inaudible] follow-on study [inaudible]. 
 
Dr. Grant:  Noted. 
 
Question:  A couple of points, really.  You hate to go to a conference and everybody 
gives a speech.  But as an attack guy, I‟d say one of the things we have to be careful about 
going to RPAs as our primary focus to the death of manned aircraft, is that right now we 
have not proven that — First of all, Navy doesn‟t have UCAS.  Navy thinks about UCAS, 
so it‟s a program, not funded to develop, not going to be necessarily [inaudible].  And it‟s 
because the cost of creating survivability in an unmanned system is, we still haven‟t 
come to grips with that yet.  Predators and Reapers are doing wonderful things, but as 
you begin to get into sort of full spectrum combat aircraft, now you take a quantum leap 
in terms of technology capability, et cetera.  So there are some challenges with where 
you put that. 
 
I‟d argue unmanned airlift aircraft — let‟s step out of your comfort zone, and let‟s say the 
next generation C-17 is unmanned.  It may not require the kind of self protection 
capabilities, may not, for a big portion of that business. 
 
So I think there are different ways we can approach the remotely piloted capability.  
Right now the Air Force still says we need a pilot to fly that remotely piloted aircraft.  
Crew days are longer, that‟s good.  So your average pilot per system comes down a little 
bit.  But because they can endure, it may take you three, four, five pilots to complete the 
mission over a short period of time. 
 
So there are pluses and minuses.  Back to the question of personnel costs, arguably 67 
percent of our budget every day today is to take care of personnel costs — salaries, 
education, et cetera.  And the cost has gone up, especially since the beginning of the 
current conflicts, because of the need to expand benefits that are provided to primarily 
Guard and Reserve, but really across all of our services. 
 
So there are some pieces in this that the data at this point sort of masks a little bit. 
 
But your point about BRAC, we don‟t like that term, but frankly, infrastructure 
reduction for all the services is something we‟ve got to get to.  We‟ve got to retire old 
airplanes, we‟ve got to create some investment opportunities.  And that‟s going to be the 
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real challenge in the next three years.  I think you‟re right, we‟re stepping off a stair here.  
If we can‟t get Congress to help with that then we sort of are captured in our own little 
whirlpool. 
 
So my question is, do you see that there is any, were there kind of breakthrough events 
that forced or allowed significant changes?  You talked about ICBMs being one.  I‟m 
struck by, I mean the whole spike in the „50s was the F-86.  You had thousands of them.  
Then at each point along the way there was kind of a capability breakout.  You talked 
about RPAs potential, space potential.  Is there something else like that out there that 
you think gives us the opportunity to really make some [inaudible]? 
 
Dr. Bowie: I mentioned DE — directed energy.  I guess I‟ll throw a third area, and this 
is unfortunately an additional mission, but we are seeing a tremendous proliferation of 
ballistic missiles around the world, and it would seem that that mission falls into the Air 
Force‟s control of the air for me.  Yet I don‟t see the Air Force stepping up — 
 
Question:  We had zero investment in missile defense.  Missile warning we do, but 
nothing in missile defense.  In fact the Army is the lead in that area.  I think General 
Schwartz has talked about that and is maybe trying to adjust that culture a bit. 
 
Dr. Bowie: It appears many of our potential adversaries are not investing in traditional 
manned, air-breathing systems and going to ballistic missiles.  So we probably need to 
respond.  But the problem is, that‟s an additional mission within an already highly 
constrained time. 
 
I guess I have tried to think about what to do and the best I can come up with right now 
is the DE, unmanned, and a BRAC would be vital, but I just don‟t know if the political 
desires are there. 
 
Question:  You make the case in your study that you can offset the reduction in the size 
of the force with [inaudible] and that you can increase air power effectiveness.  So do 
you think the Air Force can continue to do that in the future?  And [inaudible] smaller 
force, [inaudible] to make up for a smaller [inaudible]?  Or is that a trend [inaudible]? 
 
Dr. Bowie:  You can have the most infinitely capable system but it can only be one 
place at one time.  So there is some point at which, and when your quality will not make 
up for your lack of quantity.  I confess, I don‟t know where that is.  But — 
 
Question:  But is that [inaudible] soon or relatively soon? 
 
Dr. Bowie:  I don‟t know. 
 
Question:  The story that appears to emerge from this, and this is for anybody on the 
panel.  This is a poster child case for working smarter as opposed to working harder.  
That is the advent of knowledge.  Knowledge technologies, knowledge capabilities.  And 
unlike the situation perhaps in industry where working smart will allow you to become 
more productive for the same [inaudible] investment or the same sort of productive 
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investment, that could raise [inaudible].  The effect here is to TOA or budgets in decline 
have these improvements, these essentially knowledge improvements.  They‟re not 
physics improvements so much.  They appear to be knowledge improvements.  One 
could see a smaller fleet of airlifters being more capable because there‟s in-transit 
visibility and log planning capabilities and the sorts of things that allow you to reduce 
[inaudible] and suboptimal [inaudible].  And on the attack side, you have to have 
precision navigation and timing.  All the things that make a single platform, a single 
weapon allows you to take advantage of the just in time versus the sort of building to a 
just in case model. 
 
If there is an underlying story here about [inaudible] unscarce resources, unlike fuel or 
human cognitive ability or something, what might that mean to you?  You suggested that 
RPAs [inaudible].  Is there anything else where this power of knowledge might 
[inaudible] the air power business [inaudible]?   
 
Dr. Bowie:  Actually you make a great point, I think, about working smarter instead of 
working harder.  I guess the advent of distributed computational power allows you to 
make better use of scarce assets than you could before.  I like your example on the airlift 
plan.  We‟ve gotten much more sophisticated at that.  And the in transit visibility, 
knowing where stuff is.  I guess — 
 
Dr. Grant: And airborne ground surveillance [inaudible] as well. 
 
Dr. Bowie:  Yeah. 
 
Dr. Grant: We‟re seeing possibilities there [inaudible] what you're talking about. 
 
Dr. Bowie:  Targets are increasingly getting mobile and fleeter.  And so you need the 
ability to locate [inaudible] very quickly.  That would seem to be that knowledge-based 
architecture you mentioned. 
 
Question:  The next stair step just coming up, in terms of relative numbers of different 
assets of the combat force — fighters, bombers, ISR, and so on, what do you see as the 
best way to manage that?  To deliver the best effect?  Do you have to change your 
aspirations as to how to [inaudible]?  Do you have to consciously change your 
aspirations [inaudible]?  Or is the best way to do it to divest some of the older higher 
cost systems? 
 
Dr. Bowie:  I‟m sure the Air Force is grappling with this as we speak.  I just don‟t see 
that there‟s much wiggle room in your mobility forces.  The Air Force has purchased C-
17s, so that‟s modernized.  I think they want to press ahead on the tanker.  You have to 
maintain your space constellations so what‟s left there?  There‟s not really any maneuver 
room I can see there.  And on your ISR, they‟re going to go ahead with Global Hawk, 
replace the U-2 and then you have your E-3, your E-8s and your FC-135s.  So I don‟t 
know what wiggle room there is there. 
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So then you have your ICBMs.  You‟re not planning to buy a new one.  We‟re going to 
refurb what we‟ve got.  So those are good to around 2030, 2040.  On your bomber force, 
we‟re kind of down to a minimal force there and they‟d like to get a new one.  I‟m afraid 
that kind of leads to the fighter force.  Unless they can get some relief on basing.  And 
that would require a BRAC, but that‟s not going to come any time soon.  Or some way to 
get your infrastructure costs down.  That‟s from a strategic planning sense, that‟s what I 
see.  I don‟t know if anyone sees anything different. 
 
Dr. Grant: Thanks for a great session.  
 

# # # # 
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