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The New Heterogenous Air Force Model

Resilient, Scalable, and Massed

PETER B. LAYTON

Modern air forces are arguably unsustainable in a great power war as aircraft 
lost to hostile action are unlikely to be replaced before the war is decided. The 
production rates of  modern manned combat aircraft are simply too slow. To 
survive past the initial stages of  such a war, the traditional homogenous model 
air force designed around manned aircraft needs to evolve to incorporate rock-
ets, missiles, and unmanned aerial systems. This new, heterogenous model can 
make air forces resilient, scalable, and able to employ mass. Moving from the 
traditional model has broad-ranging implications for doctrine, command and 
control, support, and training.

Once again there is talk of big wars where great powers will battle 
with conventional arms for several years, equipment and personnel 
losses are heavy, and nations are fully mobilized. In such conflicts, 
many assume air forces would play a leading role. They may, but 

probably only for a fleeting time. As presently designed, air forces are fragile 
entities that once broken cannot be quickly repaired and will consequently be 
absent for the remainder of a major war.

Today’s air forces are primarily built around highly sophisticated, technically 
impressive aircraft. Yet this is their collective Achilles heel. Such aircraft, if lost, 
cannot be replaced for years. Moreover, the small numbers available at the start 
of a great war cannot be easily increased to provide the mass great power wars 
call for. In light of Russia’s war in Ukraine, it is perhaps unsurprising that re-
searchers from China’s People’s Liberation Army now consider a protracted great 
power conventional war would favor China, with the US defense industrial base 
unable to quickly replace combat losses and the margin of US technological supe-
riority consequently progressively diminishing as the war continued.1

For much of the Cold War, resilience, scalability, and mass were considered 
less important when plans were devised and force structures designed for an
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expected clash between the great powers. Beginning with the Eisenhower ad-
ministration in 1953, a great war with the Soviet Union was envisaged as short 
and all-out, and the industrial capacity to quickly replace substantial combat 
losses unnecessary.2 The war plans assumed that after a brief opening phase 
involving conventional forces, there would be a large-scale thermonuclear ex-
change. One-shot air forces fit this scenario perfectly.

In the limited wars of Korea and Vietnam, the rate of attrition could be man-
aged to stay within acceptable levels. The former conflict was before the short-
war doctrine was embraced, while in the later war, aircraft lost were not di-
rectly replaced. Instead, production of new aircraft types better suited to 
emerging strategic circumstances gradually filled in the force structure gaps 
created, albeit not in the same numbers. About half of the more than 800 F-105 
fighter-bomber fleet was lost in Southeast Asia, with their roles gradually taken 
over by other aircraft, mainly the F-4. In the post-Cold War period, resilience, 
scalability, and mass were also not problems, at least for the Western air forces 
involved in conflicts. The attrition rates experienced were very low, with the 
conventional warfighting phases short or virtually nonexistent.

In contrast, in the last great power air war, that of 1939 to 1945, the major 
characteristics of air forces were arguably resilience, scalability, and mass. In 
that conflict, many tens of thousands of aircraft were built and lost, air forces 
expanded hugely in size, and air battles often involved thousands of aircraft. 
Such numbers are almost unimaginable today. They bring into sharp focus the 
striking disconnect between contemporary air forces and the demands another 
great power war might make.

A new model for air forces is now needed. And unexpectedly, such a model is 
emerging through the use of airpower by non-Western forces, some state and 
some nonstate. It is this bourgeoning heterogeneous airpower model that pro-
vides the resilience, scalability, and mass that the traditional airpower model 
lacks. This article discusses the new model using recent air wars as examples. 
In examining such a framework in terms of its resilience, scalability, and mass, 
this article argues that air forces preparing to fight great power wars must be-
come heterogeneous.3

For conciseness, the article does not describe the new model in depth, nor 
does it devise possible concepts of operations or ways in which it might be cre-
ated. While some insights may be gleaned in the following discussion, these 
substantial topic areas remain for later articles to explore. Importantly, the ar-
ticle also does not consider strategic nuclear forces. Indeed, those few countries 

2. Aaron L. Friedberg, In the Shadow of the Garrison State: America’s Anti-Statism and Its Cold War 
Grand Strategy (Princeton University Press, 2000).

3. See also Peter Layton, “Heterogenous Air Power Is Here,” The Strategist, ASPI: Australian Strategic 
Policy Institute, 19 June 2025, https://www.aspistrategist.org.au/; and “The Great U.S. Air Force Reboot 
Has Now Arrived,” 1945, 20 January 2025, https://www.19fortyfive.com/.
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with them have already embraced heterogenous airpower. National nuclear 
forces are generally balanced across rockets, ballistic missiles, cruise missiles, 
and manned aircraft; manned aircraft do not dominate.

Heterogenous Air Forces

Non-Western airpower thinking, technology, and use have begun moving 
outside the conceptual framework created in the last century by Western air-
power’s successes. For many reasons, non-Western approaches have been less 
constrained by tradition and more eager to embrace new ideas and technologi-
cal innovations. One example is the Islamic State dropping ordnance from 
modified consumer drones to provide light, close air support.4 The airpower of 
non-Western actors has now diverged from the West’s traditional model.

For a long time, air forces principally comprised manned aircraft and their 
training and support structures. This traditional model has been quietly ex-
panding as rockets, cruise missiles, ballistic missiles, and unmanned aerial sys-
tems (drones) have gradually entered service. Even so, in conventional air war-
fare, manned aircraft dominated most debates and air force structures.

The difference now is not so much in the technological form, but in the rela-
tively swift application of low-cost, readily available digital technology to un-
manned systems. This technology was both created and shaped by the huge 
global consumer electronics market over the last few decades. Its use is a sig-
nificant characteristic of this century and remains rapidly evolving, as exempli-
fied by the rush of countless artificial intelligence (AI) applications. In the mili-
tary domain, the seemingly sudden appearance in mid-2022 during Russia’s 
war in Ukraine of small, low-cost consumer drones in very large numbers 
quickly grabbed both professional and public attention. This focus, however, 
has obscured a more fundamental shift.

Air operations have decisively moved from being homogeneous to heteroge-
neous. The means of air warfare have dramatically broadened. Air forces no 
longer need to be centered—nor should they be—on manned aircraft; the con-
ceptual dominance of such aircraft is ending. Manned aircraft simply have be-
come one means available among many, with all capabilities able to be used in 
a coordinated, synchronized, and collaborative manner to efficiently achieve 
operational objectives.5

Over the past few years, an extraordinary diversity of manned aircraft, rock-
ets, cruise missiles, ballistic missiles, and drone systems have been used in air 
operations by non-Western countries including China, India, Pakistan, 
Ukraine, Russia, Israel, and Iran, and by political and military groups such as 

4. Peter Layton, “The Privatisation of Air Power,” in Nicole Townsend et al., ed., Australian Perspectives 
on Global Air and Space Power: Past, Present, Future (Routledge, 2023).

5. Layton, “Heterogenous Air Power.”
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Hamas and the Houthis.6 Importantly, this innovative employment has been 
large-scale, enduring, and intensifying. Consequently, in 2024, as vice chief of 
the US Air Force, General James C. Slife observed, there is now a growing real-
ization that “[we cannot] only [see] the future fight through the lens of our past 
platforms. If it operates in the air domain, it is airpower.”7

The six-week period from early May to mid-June 2025 is illustrative of this 
new way of air warfare, where demonstrably manned aircraft were just one of 
the means used in combat. Early in May, a brief air war erupted between India 
and Pakistan. This involved subsonic and supersonic cruise missiles, glide 
bombs, hundreds of various types of drones, ballistic missiles, surface-to-air 
missile (SAM) systems, and very long-range air-to-air missiles. The air war fea-
tured some notable events, including the first time more than 100 beyond-
visual-range missiles were exchanged in a single engagement; the first-ever 
mutual drone war between India and Pakistan, with probing missions, strikes, 
interceptions, and spoofing attacks occurring almost continuously; and the first 
time a country had successfully attacked the air bases of a nuclear-armed na-
tion in a single strike that involved numerous sub- and supersonic cruise mis-
siles and drones.8 Manned aircraft were also involved but remained in their 
own national airspace, although as in Russia’s war in Ukraine, this proved to be 
not as safe as anticipated. About the same time, two Russian Su-30 fighters 
were shot down over Russian territory by a Ukrainian unmanned surface vessel 
that fired modified air-to-air missiles from off the coast.9

Across May, the Houthis periodically launched ballistic missiles and drones 
at Israel some 1,000 miles distant, even while Israel undertook significant re-
taliatory manned aircraft strikes in response. The Houthis’ attacks—among the 
longest range ballistic missile attacks in history—were mostly defeated by Is-
rael’s integrated air and missile defense (IAMD) systems. The shootdowns of 

6. Peter Layton, “Non-Western Airpower: Diverse, Dissimilar and Disruptive,” The RUSI [Royal United 
Services Institute] Journal 170, no. 1 (2025), https://doi.org/; Christopher Clary, “Four Days in May: The 
India-Pakistan Crisis of 2025,” Stimson Center, 28 May 2025, https://www.stimson.org/; and Federico 
Borsari, “Rising Spider: Israel and Ukraine Change Warfare,” Center for European Policy Analysis (CEPA), 
16 June 2025, https://cepa.org/.

7. James C. Slife, “Airpower at Any Scale,” Æther: A Journal of Strategic Airpower & Spacepower 3, no. 3 
(2024): 7.

8. Baqir Sajjad Syed, “Risk of ‘Unpredictable Escalation’ Looms over Subcontinent,” Dawn, 10 May 2025, 
https://www.dawn.com/; Joshua T. White, “Lessons for the Next India-Pakistan War,” Brookings Institution, 
14 May 2025, https://www.brookings.edu/; and News Desk, “How Pakistan Lost Its Airborne Warning and 
Control System During Operation Sindoor?,” News18, 18 May 2025, https://www.news18.com/.

9. Simon Newton, “Ukraine Uses Sea Drones to Down Russian Fighter Jets in Apparent Historic First,” 
BFBS Forces News, https://www.forcesnews.com/.
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https://www.news18.com/explainers/how-pakistan-lost-its-airborne-warning-and-control-system-during-operation-sindoor-9341835.html
https://www.forcesnews.com/ukraine/ukraine-uses-sea-drones-down-russian-fighter-jets-historic-first
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the Houthis’ medium-range ballistic missiles by Israel’s Arrow missiles were 
the first exo-atmospheric interceptions during combat.10

By late May, Russia was regularly launching hundreds of drones and smaller 
numbers of ballistic and cruise missiles in nighttime attacks on Ukrainian cities.11 
Many were defeated by the Ukrainian IAMD. Reversing this, in the last week of 
May, Russia claimed to have intercepted more than 2,300 Ukrainian drones.12

In early June, Ukraine used 117 drones in a covert attack on air bases deep in 
Russian territory, destroying or seriously damaging some 20 strategic bombers 
and other aircraft.13 By then, Ukraine was building a so-called “drone wall” able 
to defend against Russian ground forces, impose attrition and prevent their ad-
vance.14 The wall is actually a weapons engagement zone that is growing to be 
some hundreds of miles long, 15 to 25 miles thick, and several thousand feet high. 
It is intended to feature large numbers of attack drones, drone interceptors, 
drone mining systems, counter-drone systems, airborne sensors, and electronic 
warfare systems, and be supported using robotic logistics delivery systems.15

In mid-June Israel launched large-scale air operations against Iran using 
manned combat aircraft, air-launched ballistic missiles, cruise missiles, short-
range drones, long-range/high-endurance drones, and glide bombs. Iran re-
sponded by firing more than a thousand ballistic missiles and drones against 
Israel; most were defeated by Israel’s IAMD that fired hundreds of antimissile 
interceptor missiles and used manned fighter aircraft to shoot down drones.16 
This 12-day war, like the Houthi conflict, was unusual in that it was fought al-
most totally in the air. The protagonists did not share a border, making long-
range air warfare the primary method of waging war.

In considering these busy six weeks in mid-2025, it is evident that heterog-
enous airpower can employ very large numbers—certainly hundreds of ele-
ments at a time and sometimes thousands. These are numbers unimaginable 
with present-day manned combat aircraft. Moreover, heterogenous airpower is 
relevant to small- and large-scale offensive and defensive air operations and 
can be used asymmetrically.

10. “Israel Intercepts Missile Launched by Yemen’s Houthis,” Al Jazeera, 9 May 2025, https://www 
.aljazeera.com/; and Kyle Mizokami, “This Groundbreaking Ballistic Missile Intercept Was Also the First 
Combat in Space,” Popular Mechanics, 17 November 2023, https://www.popularmechanics.com/.

11. Max Hunder and Jeff Mason, “Russia Launches War’s Largest Air Attack on Ukraine, Kills at Least 
12 People,” Reuters, 26 May 2025, https://www.reuters.com/.

12. “Drone War, Ground Offensive Continue Despite New Russia-Ukraine Peace Push,” Al Jazeera, 27 
May 2025, https://www.aljazeera.com/.

13. Strategic Studies Department, “Significance and Implications of Ukraine’s Operation Spiderweb,” 
TRENDS Research & Advisory, 3 June 2025, https://trendsresearch.org/.

14. Mick Ryan, “Ukraine’s Drone Wall,” Futura Doctrine, 23 May 2025, https://mickryan.substack.com.
15. Oleh Velhan, “100 Days to Reform: Commander of Unmanned Systems Forces Launches Sweep-

ing Overhaul in Ukraine,” RBC Ukraine, 5 June 2025, https://newsukraine.rbc.ua/.
16. Bilal Y. Saab and Darren D. White, “Lessons Observed from the War Between Israel and Iran,” War 

on the Rocks, 16 July 2025, https://warontherocks.com/.

https://www.aljazeera.com/news/2025/5/9/houthis-claim-responsibility-for-missile-attack-on-israel-airport
https://www.aljazeera.com/news/2025/5/9/houthis-claim-responsibility-for-missile-attack-on-israel-airport
https://www.popularmechanics.com/military/weapons/a45862545/first-combat-in-space/
https://www.reuters.com/business/aerospace-defense/russian-drone-fragments-set-kyiv-apartment-building-ablaze-official-says-2025-05-24/
https://www.aljazeera.com/news/2025/5/27/drone-war-ground-offensive-continue-despite-new-russia-ukraine-peace-push
https://trendsresearch.org/insight/significance-and-implications-of-ukraines-operation-spiderweb/?srsltid=AfmBOopeSBnw9yVpnG7moMALnNABoPlD3_oa3xLV6zuuwqjTOyHZyH_X
https://mickryan.substack.com/p/ukraines-drone-wall?utm_source=publication-search
https://newsukraine.rbc.ua/news/100-days-to-reform-commander-of-unmanned-1749081863.html
https://warontherocks.com/2025/07/lessons-observed-from-the-war-between-israel-and-iran/
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Often noted is the cost asymmetry between the cheap, unsophisticated 
drones used by the Houthis and their countering by expensive, state-of-the-art 
US Navy SAMs.17 A different example is the asymmetric defeat of the Iranian 
air defense system in the June air war using what has been termed a disaggre-
gated collaborative air operation.18 This apparently involved Israeli F-35I air-
craft and drones mapping hostile radar and SAM sites in support of long-range, 
air-launched ballistic missiles fired by F-15Is and F-16Is, and attacks by short-
range loitering munition drones.19 The Iranian SAM systems could defend 
against manned combat aircraft but were not capable against the ballistic mis-
siles and drones used.20

The heterogenous model is demonstrably effective, but its biggest advan-
tages over the traditional homogenous model centered on manned aircraft is in 
offering resilience, scalability, and mass.

Resilience

Resilience involves both the speed of recovery from attacks and the reduc-
tion of the impact of attacks.21 For air forces, timely recovery from combat 
losses has become challenging as modern manned aircraft have low produc-
tion rates; the highest currently is the F-35 line with an output of 13 aircraft 
per month.22

As US Air Force chief of staff, General Charles Q. Brown Jr. argued that in 
a future great power war, American Airmen “must be prepared to fight 
through combat attrition rates and risks … that are more akin to the World 
War II era than the uncontested environment” of the post-Cold War period.23 
During its four World War II years, the United States lost dozens of aircraft a 
day, more than a 1,000 a month.24 Even assuming a somewhat lower daily 
attrition rate of 2 percent means a nominal 100 unit force after 35 days is re-

17. Jake Epstein, “The U.S. Navy Has Fired Off Nearly $1 Billion in Weapons Fighting Threats from 
Iran and the Houthis,” Business Insider, 17 April 2024, https://www.businessinsider.com/.

18. J. Michael Dahm, “Disconnected by Design: A New Way to Employ 5th-Gen Jets,” Air & Space 
Forces Magazine, 25 July 2025, https://www.airandspaceforces.com/.

19. Joseph Trevithick, “Israeli F-16I Shown Loaded-Up With Four Rampage Stand-Off Missiles (Up-
dated),” The War Zone, 30 October 2024, https://www.twz.com/air/.

20. Ashish Dangwal, “Air-Launched Ballistic Missiles: How Israel ‘Exploited’ Loopholes In Iran’s De-
fenses & Easily Hit Its Targets,” Eurasian Times, 7 November 2024, https://www.eurasiantimes.com/.

21. National Disaster Resilience Strategy/Rautaki ā-Motu Manawaroa Aituā (New Zealand Govern-
ment Ministry of Civil Defence & Emergency Management, 2019), 18.

22. Greg Waldron, “Lockheed Aeronautics Boss Details F-35 Delivery Ramp-Up Plan,” Flight Global, 
24 July 2024, https://www.flightglobal.com/.

23. Charles Q. Brown Jr., Accelerate Change or Lose (Department of the Air Force, August 2020), 3, 
https://www.af.mil/.

24. Michael Peck, “60 B-52s Shot Down in One Day? Today’s U.S. Air Force Can’t Survive World War 
II Losses,” ’ Forbes, 9 September 2020, https://www.forbes.com/.

https://www.businessinsider.com/us-navy-fired-nearly-one-billion-missiles-countering-iran-houthis-2024-4
https://www.airandspaceforces.com/article/disconnected-by-design-a-new-way-to-employ-5th-gen-jets/
https://www.twz.com/air/israeli-f-16i-shown-loaded-up-with-four-rampage-stand-off-missiles
https://www.eurasiantimes.com/air-launched-ballistic-missiles-how-israel/
https://www.flightglobal.com/defence/lockheed-aeronautics-boss-details-f-35-delivery-ramp-up-plan/159344.article
https://www.af.mil/Portals/1/documents/csaf/CSAF_22/CSAF_22_Strategic_Approach_Accelerate_Change_or_Lose_31_Aug_2020.pdf
https://www.forbes.com/sites/michaelpeck/2020/09/15/60-b-52s-shot-down-in-one-day-todays-us-air-force-cant-survive-world-war-ii-losses/
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duced to half its size. This low rate would still need four of today’s F-35 pro-
duction lines just to sustain numbers; the higher World War II average rate 
would require more than 75.

Creating such additional production lines would take some years. In World 
War II, the average time between the start of building an airframe plant and 
full-rate production was 31 months; for aeroengines 23 months.25 Modern air-
craft and engines are much more complicated, suggesting even longer times 
today. Any new aircraft and engine factories set up during a major war would 
be unlikely to be making meaningful numbers of new aircraft until after the war 
was decided.

On the other hand, additional production lines could be established before a 
war started. A new government-owned/contractor-operated industrial base 
could be built and sized to quickly replace the expected manned aircraft losses 
that a long, big war might inflict. Yet, having dormant capacity just in case 
raises issues of high establishment cost, large infrastructure requirements, sub-
stantial continuing skilled workforce demands, and high ongoing costs to keep 
the industrial base up to the latest aircraft build standards.

These problems are at least partly the result of modern manned combat air-
craft becoming progressively extraordinarily complicated, as the famous 1979 
Norman Augustine analysis of US fighter aircraft cost growth since 1910 high-
lighted. According to “Augustine’s Law,” the unit cost per new aircraft in-
creased by an order of magnitude every 20 years, reflecting the continual rise in 
technical sophistication.26 In contrast to this, the recent direction to acquire 
very large numbers of small battlefield drones reflects that compared to an 
F-35, for example, such drones are technologically primitive.27

The impact of a major war’s attrition rates, set against low manned aircraft 
production rates, means an air force’s combat force would steadily decline 
over time and probably not recover until post-war. Today’s airpower model, 
built around highly sophisticated, technically complicated aircraft, is inher-
ently not resilient.

Russia’s invasion of Ukraine in February 2022 is an instructive real-world 
illustration of such a scenario. Both Russian and Ukrainian air forces suffered 
unacceptable attrition rates at the start of the war. In response, both then 
quickly moved to carefully husbanding their remaining manned aircraft while 
shifting to a heterogenous airpower model, where rockets, missiles, and drones 
played significant roles.

25. R. J. Overy, The Air War, 1939–1945 (Papermac, 1987), 167.
26. Gregory C. Allen and Isaac Goldston, “Updating Augustine’s Law: Fighter Aircraft Cost Growth in 

the Age of AI and Autonomy,” Center for Strategic & International Studies, 19 December 2024, https://
www.csis.org/.

27. Secretary of Defense, Memorandum for Senior Pentagon Leadership, Commanders of the Com-
batant Commands, Directors Of Defense Agencies, Subject: Unleashing U.S. Military Drone Dominance, 
10 July 2025, https://media.defense.gov/.

https://www.csis.org/analysis/updating-augustines-law-fighter-aircraft-cost-growth-age-ai-and-autonomy
https://www.csis.org/analysis/updating-augustines-law-fighter-aircraft-cost-growth-age-ai-and-autonomy
https://media.defense.gov/2025/Jul/10/2003752117/-1/-1/1/UNLEASHING-U.S.-MILITARY-DRONE-DOMINANCE.PDF
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The production rate of these technologically simpler assets is considerably 
higher than that of manned aircraft. As an example of relative production rates, 
in late 2024 Russia each month made about two combat aircraft, some 50 Is-
kander rockets, 100 cruise missiles, 500 Shahed drones, and more than 
300,000 first-person view (FPV) drones.28

The counterargument is that manned aircraft are reusable. Rockets, missiles, 
and drones are generally one-use items. Yet, in a major war, production rates 
make up this difference. Manned aircraft, rockets, missiles, and drones will all 
be consumed in a war, but only manned aircraft cannot be produced at a rate 
that keeps pace with usage. A force structure of rockets, missiles, and drones is 
resilient in being able to recover losses at speed; a force structure solely com-
posed of modern manned aircraft is not.

Furthermore, resilience also includes reducing the impact of attacks. 
Manned aircraft and their air bases are difficult to protect as the adoption of 
agile concepts that aim to widely disperse aircraft recognize.29 By comparison, 
attacks on rocket, missile, and drone forces are likely to have less impact as 
there can be much greater numbers of them to engage, they can be mobile, and 
widespread dispersal is easier.

Scalability

The higher production rates of rockets, missiles, and drones allows a much 
quicker expansion in the force employing them. An extreme example is FPV 
drones; one Ukrainian manufacturer is producing 4,000 a day with the country 
overall making 5 million annually. Such extraordinary rates are possible using 
digital technology, fourth industrial revolution techniques, and distributed pro-
duction across some 150 companies.30

Moreover, combat aircrew typically take years to train so that even if large 
numbers of appropriate aircraft suddenly arrived, they might be unusable. 
Learning to operate and maintain rockets, missiles, and drones involves far less 

28. Олександр Коваленко, “Що відбувається з російською бойовою авіацією: яких 
втрат вона зазнала на війні в Україні та скільки ВПК виробив літаків,” Oboz.ua, 27 May 2025, 
https://war.obozrevatel.com/; Jack Watling and Nick Reynolds, Tactical Developments During the Third 
Year of the Russo–Ukrainian War (RUSI, February 2025), 19; Boyko Nikolov, “Russia Produces 300,000 
FPV Drones Monthly, Trains 5,200 Operators,” Bulgarianmilitary.com, 5 January 2024, https://bulgarian 
military.com/; and Matthew Bint and Fabian Hinz, “Russia Doubles Down on the Shahed,” IISS [The Inter-
national Institute for Strategic Studies], 14 April 2025, https://www.iiss.org/.

29. Air Force Doctrine Note 1-21, Agile Combat Employment (Curtis LeMay Center for Doctrine  
Development and Education, 23 August 2022), https://www.doctrine.af.mil/.

30. Martin Fornusek, “Ukraine Has Capacity to Produce 5 Million FPV Drones Per Year, Advisor 
Says,” The Kyiv Independent, 29 March 2025, https://kyivindependent.com/.

https://war.obozrevatel.com/ukr/scho-vidbuvaetsya-z-rosijskoyu-bojovoyu-aviatsieyu-yakih-vtrat-vona-zaznala-na-vijni-v-ukraini-ta-skilki-ihnij-vpk-virobiv-litakiv.htm
https://bulgarianmilitary.com/2024/01/05/russia-produces-300000-fpv-drones-monthly-trains-5200-operators/
https://bulgarianmilitary.com/2024/01/05/russia-produces-300000-fpv-drones-monthly-trains-5200-operators/
https://www.iiss.org/online-analysis/military-balance/2025/04/russia-doubles-down-on-the-shahed/
https://www.doctrine.af.mil/Portals/61/documents/AFDN_1-21/AFDN%201-21%20ACE.pdf
https://kyivindependent.com/ukraine-can-produce-5-million-drones-per-year-advisor-says/
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time. FPVs again offer an extreme example: courses run by accredited commer-
cial operators train Ukrainians to use combat FPVs in 35 to 37 days.31

The production rates of manned aircraft, rockets, missiles, and drones vary 
considerably. Consequently, a heterogeneous force structure would have highly 
different levels of expansion, with the balance across the force varying almost 
daily. Such a force gains scalability, although at the cost of constant change in 
what that force materially comprises.

Amplifying the ongoing change is that such a force can exploit innovation.32 
Innovations in unmanned systems are inherently simpler to achieve and gener-
ally more affordable than in manned aircraft. Innovation with unmanned sys-
tems can be frequent and ongoing. In Russia’s war in Ukraine, there is now a 
3-month innovation cycle of prototyping, experimenting, testing, mass produc-
ing, and then fielding drones.33 In contrast, it takes many years to introduce 
innovations into modern aircraft; the long, drawn out F-35 Block 4 upgrade is 
an exemplar, being at least five years later than originally planned even after 
being reduced in capability.34

The slow pace of manned aircraft improvements reaching frontline service 
was also evident during World War II and was related to the time to build air-
craft factories as noted earlier. These lengthy times meant that the aircraft de-
sign initially chosen for a new factory to be built to produce was unlikely to still 
be operationally viable by the time full-rate production was reached. Accord-
ingly, newly manufactured aircraft usually underwent significant modifications 
at separate facilities to bring them up to a usable combat standard. For the US 
Army Air Forces (USAAF), about 25 to 50 percent of the total labor spent in 
making its military aircraft occurred at modification centers.35

The time from initial orders being placed to delivery to combat units became 
ever more protracted as the war went on. At the end of the war in Europe, the 
USAAF was arguably flying obsolescent aircraft designs compared to the Luft-
waffe with its swept-wing jet fighters, cruise missiles, air-launched stand-off 
weapons, and medium-range ballistic missiles. Yet, the USAAF in markedly 
constraining the implementation of innovative ideas, enabled large-scale pro-
duction at pace, whereas the continual German search for wunderwaffe, or 

31. See, for example, “Training to Become a UAV Pilot: FPV School UKRAINE,” WeTrueGun, 2025, 
https://wetruegun.com/.

32. Layton, “Air Force Boost.”
33. Oleksandra Molloy, Drones in Modern Warfare: Lessons Learnt from the War in Ukraine, Australian 

Army Occasional Paper No. 29, (Australian Army Research Centre, 2024).
34. Jon Ludwigson et al., F-35 JOINT STRIKE FIGHTER: Actions Needed to Address Late Deliveries and 

Improve Future Development, GAO-25-107632 (US Government Accountability Office, September 2025), 
6, https://www.gao.gov/.

35. B. Holley, Buying Aircraft: Matériel Procurement for the Army Air Forces (Office of the Chief of 
Military History, Department of the Army, 1964), 532.
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“wonder weapons,” did not. Speedy quantity production of less sophisticated 
aircraft prevailed, with scalability proving a war winner.

Uniquely, the new heterogeneous air force model can combine scalability and 
rapid innovation. Yet, this combination means the elements comprising such an 
air force will experience considerable churn numerically, in type and in perfor-
mance. It is unlikely to be the “set and forget” form of air force that the homoge-
neous air force comprised of 30-year-life manned aircraft has become.36

Mass

Heterogeneous airpower gives air forces the potential to employ large numbers 
of elements, or mass. Just in the first two weeks of February 2025 alone, Russia 
deployed over 7,500 FPV drones to the front line and in one single day used over 
1,000.37 These numbers would be inconceivable using only manned aircraft.

Away from the battlefield, Russia’s strategic air campaign against Ukraine also 
uses mass. An example is the attack on the night of 24 May 2025 that employed 
nine Iskander ballistic missiles; 55 Kh-101 and Kalibr cruise missiles from Tu-95 
and TU-160 bombers and warships; one Kh-22 cruise missile from a Tu-22M3 
bomber; four Kh-59/69 guided aircraft missiles probably from Su-34 strike fight-
ers; and 298 attack and decoy drones.38 It is notable that the manned aircraft did 
not penetrate Ukrainian airspace, instead employing only stand-off missiles, and 
that large numbers of easily produced drones dominated.

Less apparent is that the heterogeneous attack used relatively little infra-
structure compared to what an all-manned aircraft attack would have needed. 
Modern air combat aircraft require air bases and airfields of varying sizes. In 
contrast, the Iskanders and drones that provided the bulk of the attack require 
much smaller launch systems, and these can be dispersed widely. Heteroge-
neous airpower imposes much less demand for specialized infrastructure than 
traditional homogenous airpower.

Significantly, the mass employed is not necessarily all one kind or type of el-
ement. A heterogeneous air force can include multiple diverse constituent ele-
ments, each optimized for specific tasks. For battlefield tasks, there are now 
low- and medium-altitude reconnaissance drones, electronic warfare and GPS 
jamming drones, communication relay drones, bomber drones, FPV ground 
attack drones, FPV drones for air defense against helicopters and hostile 
drones, mine-laying drones, and ambush drones that wait for enemy vehicles to 
approach. These drones can also be used in conjunction with assorted rocket, 
ballistic missile, and cruise missile attacks against proximate command and 

36. Layton, “Air Force Boost.”
37. “Russia’s Record Use of FPV Drones: February 2025 Projections,” Espresso, 17 February 2025, 
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control facilities, transport infrastructure, and logistic caches. Air-launched 
large glide bombs can be similarly used as these provide the explosive weight 
smaller rockets, missiles, and drones lack.

Russia’s strategic air campaign is similar in featuring an extensive use of decoy 
drones to confuse, distract, and saturate Ukrainian air defenses. For instance, 
Gerbera drones mimic Shahed 136 attack drones by having a similar visual, elec-
tronic, and radar signature. Gerberas are constructed from plywood, foam, and 
some simple electronics, and cost a tenth of an attack drone. Some are fitted with 
a 20-pound warhead while others have reconnaissance capabilities installed that 
provide either rudimentary bomb damage assessment imagery or radar emitter 
identification.39 In addition, Shahed attack drones can also be optimized for use 
against specific target sets through using thermobaric warheads, cluster muni-
tions, or varying sized combined-effect blast/fragmentation warheads.40

Conclusion

The ability to create and employ such large-scale packages of diverse air assets 
has traditionally been restricted to the United States. Indeed, some argue that the 
Russian Aerospace Forces failed in the early days of Russia’s war in Ukraine be-
cause it could not build large air combat packages of different types of manned 
aircraft.41 Heterogenous airpower has overturned this convention, allowing most 
states to now devise and use large offensive and defensive air packages.

At the strategic level, the rise of heterogenous airpower makes the balance of 
power in the international system more fragile. In the recent past, the tradi-
tional airpower model created a balance that changed only slowly as manned 
aircraft stayed in service for decades. In contrast, heterogenous airpower in-
cludes cruise missiles, SAMs, ballistic missiles, and many types of drones—all 
built using technologies that can be rapidly updated, quickly upsetting long-
standing military power balances.42

Emerging technologies, like AI, are now being rapidly incorporated into many 
missiles and drones, potentially changing their performance and capabilities 
dramatically. Such concerns are further deepened as many emerging technolo-
gies come from the civil sector. Devised for consumer sale, such technologies 
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90-kg Warheads Installed on Russian Shahed Drones,” Ukrainska Pravda, 20 May 2025, https://www 
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Bombs,” Forbes, 2 May 2025, https://www.forbes.com/.
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42. Layton, “Heterogenous Air Power.”

https://isis-online.org/uploads/isis-reports/documents/Russian_Decoy_Drones_Depend_on_Western_Parts_FINAL.pdf
https://kyivindependent.com/russia-used-thermobaric-weapons-in-drone-strike-on-kharkiv-ukrainian-prosecutors-say/
https://www.pravda.com.ua/eng/news/2025/05/20/7513108/
https://www.pravda.com.ua/eng/news/2025/05/20/7513108/
https://www.forbes.com/sites/davidhambling/2025/05/02/confusion-as-russian-drones-target-kyiv-with-mystery-cluster-bombs/
https://www.airuniversity.af.edu/Portals/10/ASOR/Journals/Volume-2_Number-3/Galamison_Petersen.pdf


Layton

AIR & SPACE POWER JOURNAL  35

may appear suddenly, be affordable, and quickly proliferate globally. The com-
mercially acquired drones used by Russia are an example of this.43

A key issue in designing a heterogenous air force is balancing across the 
manned aircraft, rocket, missiles, and drone alternatives. Achieving resilience, 
scalability, and large numbers depends on choosing a balance appropriate for 
the war being fought. The US Navy has for several years suggested gradually 
adopting a 40 percent manned fighter aircraft/60 percent drone balance, but 
this conceptualization overlooks the roles other unmanned systems undertake.

An alternative is something akin to the British Army’s proposed 20/40/40 
split to increase its lethality without increasing its troops—where its combat 
capability would consist of 20 percent conventional platforms such as tanks 
and artillery; 40 percent expendable, largely autonomous systems; and 40 
percent from reusable, AI-enabled assets.44 When applied to heterogenous air 
forces, this split would suggest 20 percent of combat power might come from 
manned aircraft, 40 percent from expendable autonomous systems such as 
rockets, ballistic and cruise missiles, and the remaining 40 percent from reus-
able assets like drones. The precise balance chosen would be a matter for 
analysis and judgment, but the 20/40/40 conceptualization highlights that 
heterogeneous model air forces would need to embrace lower cost systems 
able to be rapidly produced at scale.45 This implies stepping away from—or at 
least reducing the purchases of—costly unmanned systems such as some pro-
posed collaborative combat aircraft designs where estimated unit costs are 
around $35 million each.46

Instead, an emphasis might be placed on designing simplified missiles and 
drones that can be mass produced quickly and at low-cost from readily avail-
able, locally-sourced materials and components. Being able to rapidly scale up 
heterogenous airpower to meet urgent strategic and tactical demands arguably 
requires adopting such an engineering philosophy. Some modern missiles are 
very complicated with low production rates and long build times; they are in-
compatible with the heterogenous air force model paradigm.

Iran’s airpower export strategy might be instructive. Iran exports deliber-
ately simplified rockets, missiles, and drones to those with a limited capacity to 
manufacture, maintain, and operate complicated equipment. This extends to 
designing equipment others can manufacture under relatively rudimentary 
conditions, such as was done by Hezbollah in Lebanon following its 2006 war 

43. Layton, “Heterogenous Air Power.”
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with Israel.47 Simplification also reduces costs, allowing larger numbers to be 
acquired.48 In mass producing Iranian Shahed drones, Russia continues to sim-
plify their design, aiming to drive unit cost down from the initial $375,000 to 
about $50,000.49 By mid-2025, Russia had already launched almost 29,000 
Shahed drones at Ukraine, reaching some 54,500 by year’s end.50 No other air-
power means can approach such mass.

Simplification, however, involves accepting a reduced operational perfor-
mance, including having lower reliability drones, rockets, and missiles. Even 
so, fielding a cruder form of airpower can still be effective, as the Houthis dem-
onstrated in successfully upsetting Red Sea merchant shipping through using a 
mix of attack drones, ballistic missiles, and antiship cruise missiles. Notably, 
the Houthis use of antiship ballistic missiles in October 2023 was the first com-
bat use of this class of weapon.51

Moreover, this shift toward low-cost, quick-to-manufacture missiles is ac-
celerating. Ukraine will soon receive more than 800 rapidly developed, US-
made, low-cost, and long-range air-launched cruise missiles, with another 
2,500 planned.52 Taiwan is working with US-based defense technology firm 
Kratos to quickly develop a similar capability.53 European missile company 
MBDA has also designed a low-cost missile able to be mass produced within a 
year.54 Already in use is Russia’s 250-nautical mile-range Banderol cruise mis-
sile, constructed using many parts imported from up to 30 companies around 
the world.55

Most future air wars are now likely to involve well-coordinated, large-scale 
heterogenous air operations at the front line, during battlefield air interdiction 
missions and in deep strategic air attacks. Such operations would be designed 
to combine the capabilities of various manned aircraft, rockets, missiles,  
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and drones so as to most effectively overcome hostile air defenses and inflict 
the requisite damage. An important concern would be managing the manned 
aircraft rate of loss, given that replacing these may be doubtful. This manage-
ment would involve the prudent weighing of the likelihood of attrition against 
operational needs and an underlying desire to continue operating them as long 
as practical.

The air forces that undertake these heterogenous air operations will be re-
markably dynamic in actively balancing across the many diverse capabilities, 
having constantly changing numbers of force elements available and in featur-
ing embedded innovation. Such air forces will require doctrine, command and 
control, support, and training different to that traditionally embraced.

Heterogenous air forces will no longer be defined by a single piece of equip-
ment: the manned aircraft. This may trouble traditionalists; however, the need to 
be able to fight a protracted major war undermines old ideas about air forces and 
airpower. In such a conflict modern manned aircraft simply take too long to 
build, and this inflicts serious operational deficiencies. Air forces now urgently 
need to become resilient, be scalable, and possess mass. Heterogenous airpower 
looks to be the way of the future. µ
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