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Executive Summary

THE UK’S 2015 National Security Strategy made clear that there was a risk that Russia would 
undertake offensive operations against NATO, and that the UK should maintain a credible 
deterrence posture. The ground forces’ contribution to this posture was framed as a 

warfighting division. Critical to any divisional formation are its fires, which shape the battlespace, 
protect Allied forces by eliminating enemy guns, break up enemy force concentrations, and 
enable friendly ground manoeuvre by destroying adversary enablers and suppressing their 
manoeuvre elements. The UK currently possesses a critical shortage of artillery, and the army 
lacks the transportation capacity to deploy and sustain a credible divisional fires group. If 
conventional deterrence is to remain a key component of the UK’s National Security Strategy, 
then the modernisation of its fires capabilities should be a top priority.

Modernisation should not simply replicate existing platforms. There are four capability trends 
that are transforming the delivery of fires. The first is range, which may be expected to increase 
by 50% to 100% across most platforms by 2040. The second is the maturation of active seeker 
munitions able to autonomously course correct, which is simplifying kill chains, and improving 
the probability of kill (PK) of fires systems. The third is the ability to rapidly fuse sensor data to 
centrally coordinate large numbers of guns. Finally, there are an increasing array of effective 
defensive measures which, though small in number and with a limited range, can produce 
protected nodes on the battlefield.

These capabilities are reshaping the modern battlefield. The higher fidelity of sensors and PK of 
munitions are liable to reduce viable force densities, while the extended range of fires systems 
must hold combat service support (CSS) at risk over greater distances. This is likely to create 
a battlefield that is fragmented, with small, dispersed force elements entangled in a zone of 
contestation, rather than confronting one another across opposing front lines of control. The 
side likely to prevail will be the one best able to rapidly bring firepower to bear in frenetic 
engagements. Operationally, however, warfare is liable to return to positional fighting between 
CSS nodes protected by defensive systems.

Despite these technological advances, precision will remain expensive. The UK must either 
retain a sufficient stockpile of anti-armour area-effect munitions and enough mass to suppress 
infantry with high explosive, or must reconsider its commitments to the Oslo Treaty, and procure 
cluster munitions. It should be noted that the moral objections to the use of cluster munitions 
can be mitigated. It is possible to significantly reduce the dud-rate of munitions compared with 
those employed when the Oslo Treaty was signed. Furthermore the moral objections to their 
use become somewhat moot in a high intensity conflict in Eastern Europe, where Russian and 
US forces will employ cluster munitions liberally. Without appropriate munitions, British forces 
will simply be outranged, outgunned and thereby defeated in detail by Russian formations.
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A further critical element of future capabilities must be deployability. It is not simply a question 
of having a credible artillery compliment on the Order of Battle. The force must have an 
executable plan for getting a sufficient number of platforms into theatre within an operationally 
relevant timeframe. Deployability must therefore be a critical criterion for all newly procured 
fires platforms.

The exact structure of a credible divisional fires group to support warfighting is dependent on 
a number of trade-offs. However, an indicative minimum set of capabilities would comprise:

• A battery of anti-tank guided missiles per battlegroup.
• A battery of self propelled 120-mm mortars per battlegroup.
• 72 155-mm 52-calibre self-propelled howitzers with anti-armour area-effect munitions.
• A regiment of multiple-launch rocket systems with a compliment of anti-armour  

area-effect munitions, and long-range precision fires (LRPF). 
• Support for these capabilities from a robust data-centric command and control 

system, and logistics.

It is important to note that these capabilities are not only relevant to warfighting. The ability 
to deploy a credible warfighting force increases the risk for adversaries escalating to direct 
armed conflict, and thereby allows the UK to maximise its efforts in the competitive space. 
Conversely, forces designed for competition, but unable to fight credibly, can be deterred by 
the threat of escalation.



Introduction

IN THE EARLY hours of 11 July 2014, the Ukrainian 24th Mechanised Brigade was manoeuvring 
near Zelenopillya, about 10km from the Russian border. Shortly after taking up positions, the 
Ukrainians found that their communications and navigation equipment was being interfered 

with. At around 4:20am they noticed unmanned aerial vehicles (UAVs) apparently observing 
the column. Then the firing started. Approximately 40 salvos of Russian rockets struck the 
Ukrainians within a five-minute period.1 The equipment of two understrength battalions was 
destroyed.2 This incident, though far from isolated,3 sent a shiver of alarm through Western 
militaries, for good reason. 

The UK’s 2015 National Security Strategy (NSS) states that ‘Russia’s behaviour will continue to 
be hard to predict, and, though highly unlikely, we cannot rule out the possibility that it may 
feel tempted to act aggressively towards NATO allies’.4 The NSS also states that ‘defence and 
security starts with deterrence’.5 The critical land component of Britain’s deterrence posture 
is its ‘war-fighting division’,6 as a substantive contribution to NATO’s response to any possible 
Russian incursion. This is the commitment the UK has made to its allies. Central to any divisional 
warfighting capability are its fires systems. Although the UK would not seek a direct head-on 
engagement between comparable forces, this is the benchmark for assessing the credibility of 
Britain’s conventional warfighting capability.

A Russian motor-rifle brigade contains an organic fires compliment of 81 artillery pieces,7 
ranging from 152-mm and 203-mm self-propelled howitzers to 300-mm multiple-launch rocket 
systems (MLRS) and an electronic warfare (EW) battalion. A Battalion Tactical Group (BTG), 

1. Despite Russian denials of responsibility, the attacks clearly originated in Russian territory, see 
Bellingcat Investigative Team, ‘Origin of Artillery Attacks on Ukrainian Military Positions in Eastern 
Ukraine Between 14 July 2014 and 8 August 2014’, Bellingcat, 17 February 2015.

2. Yaroslav Tinchenko, ‘Зеленопілля. Спогад офіцера’ [‘Zelenopillya: The Recollections of an 
Officer’], Ukrainian Military Pages, 18 July 2016, <https://www.ukrmilitary.com/2016/07/
zelenopillya.html>, accessed 20 August 2019.

3. Oksana Grytsenko, ‘Remembering the Shelling: “We Saw a Glow, They Were Burned Alive”’, The 
Guardian, 17 February 2017.

4. HM Government, National Security Strategy and Strategic Defence and Security Review 2015: A 
Secure and Prosperous United Kingdom, Cm 9161 (London: The Stationery Office, 2015), p. 18.

5. Ibid., p. 23.
6. Ibid., p. 28.
7. Igor Sutyagin with Justin Bronk, Russia’s New Ground Forces: Capabilities, Limitations and Implications 

for International Security, RUSI Whitehall Paper 89 (London: Taylor and Francis, 2017), p. 30.
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meanwhile, fields around 18 self-propelled guns,8 with access to brigade-level MLRS support. By 
contrast, the British Army has only two regiments of 24 AS90 155-mm 39-calibre self-propelled 
howitzers.9 Owing to a shortage of transportation,10 necessary for moving armour and guns long 
distances, in addition to the requisite combat service support (CSS), Britain is unlikely to be able 
to field its full fires compliment within a politically relevant timeframe in the event of a Russian 
incursion into the Baltics.11 The UK’s most deployable formations – 16 Air Assault Brigade and 
3 Commando Brigade – can each field two batteries of six 105-mm L118 light guns as their 
entire fires capability. The UK’s MLRS is issued a GPS-guided rocket with a unitary warhead, 
which is inaccurate in the face of extensive Russian GPS jamming,12 is unable to course correct 
and so cannot reliably engage dynamic targets, and delivers a limited unitary warhead, with 
85-km range, as compared with 120-km for Russian systems. In short, the UK’s ground forces 
are comprehensively outgunned and outranged, leaving enemy artillery free to prosecute fire 
missions with impunity. This must ultimately fix and suppress British guns and manoeuvre 
elements, and thereby lead to the defeat of UK units in detail.

The reason for this degradation in capability lies in Britain’s reduction in high-end warfighting 
capabilities following the end of the Cold War,13 and the subsequent three decades of 
counterinsurgency operations in which heavy artillery fire was largely unwarranted, as well 
as the ubiquitous availability of close air support (CAS) that rendered the logistical burden of 
artillery systems undesirable. Today approximately 80% of NATO firepower is air delivered.14 In 
the early stages of any large-scale conflict, however, close air support would likely be practically 
non-existent. With five air defence batteries organic to each Russian brigade, and a significant 
strategic integrated air defence system, the first and foremost mission of NATO airpower would 
be the suppression of enemy air defences. Diverting aircraft to CAS within the Russian Missile 

8. Amos C Fox and Andrew J Rossow, ‘Making Sense of Russian Hybrid Warfare: A Brief Assessment of 
the Russo–Ukrainian War’, The Land Warfare Papers, No. 112, March 2017, p. 6.

9. Document released under Freedom of Information Request 02130 letter: ‘The Army 2020 Refine 
Exercise, the First Details [of] which were Released Last December by the Secretary of State for 
Defence’, 10 March 2017, <https://assets.publishing.service.gov.uk/government/uploads/system/
uploads/attachment_data/file/632554/2017-02130.pdf>, accessed 2 October 2019.

10. Jack Watling, ‘Britain’s Declining Tank Numbers Highlights a Wider Problem’, RUSI Commentary,  
24 April 2019.

11. Michael Shurkin, The Abilities of the British, French and German Armies to Generate and Sustain 
Armored Brigades in the Baltics (Santa Monica, CA: RAND, 2017), p. 4. 

12. C4ADS, ‘Above Us Only Stars: Exposing GPS Spoofing in Russia and Syria’, 2019, <https://
static1.squarespace.com/static/566ef8b4d8af107232d5358a/t/5c99488beb39314c45e782
da/1553549492554/Above+Us+Only+Stars.pdf>, accessed 20 August 2019.

13. Tom Dodd and Mark Oates, ‘Strategic Defence Review White Paper’, Research Paper 98/91,  
15 October 1998.

14. Justin Bronk in oral testimony to the House of Commons Defence Select Committee, ‘Modernising 
Defence Programme’, HC 818, Response to Question 131, 17 April 2018.



Jack Watling 3

Engagement Zone (MEZ) would be prohibitively costly in aircraft losses.15 If anything, the RAF 
will be looking to ground forces to provide supporting firepower to open windows in enemy air 
defences. Given that this firepower does not exist within the ground forces, it may be concluded 
that at present Britain lacks a credible or competitive warfighting capability in a conflict in 
Eastern Europe against Russia. The rejuvenation and modernisation of Britain’s ground-based 
fires is consequently an urgent and critical priority.

At the same time, it is important to recognise that within current and foreseeable budgetary 
parameters it is not realistic to expect to match Russian formations gun for gun. There is also 
a risk that efforts at modernisation – owing to institutional inertia – seek merely to replicate 
existing systems, refining capabilities that may increase firepower, but are unlikely to translate 
into transformative competitive advantage. There are today, ready or in late stage development, 
capabilities that if integrated into appropriate concepts of operations promise to transform 
the effects deliverable by comparatively small numbers of platforms. This paper, in examining 
emerging and future capabilities over the next two decades, along with potential concepts of 
operation, seeks to assess how the application of fires is likely to reshape modern warfare. 
The aim is to provide an evidence base to inform policymakers about the requisite balance 
of capabilities necessary for British ground forces to develop artillery systems and doctrine 
capable of delivering credible deterrence, decisive firepower, and ongoing utility on the 
future battlefield.

The focus of this paper is tactical and operational brigade and divisional lethal fires. The 
baseline for assessing critical fires capabilities was established by assessing the requirements of 
a warfighting capability against Russia. The exact structure of this force, whether a traditional 
division or less orthodox multi-domain task force, has not been assumed. However, the 
capability was benchmarked against Russian brigades as these are the adversaries envisaged 
for the warfighting force outlined in the NSS,16 and against which the UK has made extensive 
security commitments to NATO. The timeframe considered in this paper is not fixed, but roughly 
extends to 2040. Examining future capability is always difficult, as there is a tension between 
assuming no significant technological developments and indulging in science fiction. The 
assumption of this paper has been to explore the implication of technologies on the cusp of 
maturation, or multiple lines of capability development that have yet to be brought together, 
but which industry is confident can be integrated. Developments that are some way from 
maturation, such as autonomous land systems, have not been covered in detail. Although by 
2040 it would be reasonable to assume that autonomous land systems will be fieldable, it is 
the contention of this paper that an autonomously navigating wheeled 155-mm howitzer, or 
missile launch platform, may reduce manpower, increase speed of engagement and reduce the 
risk to the crew. However, it is unlikely to alter the fundamental mechanics of delivering fires 
described in this paper and would tend to reinforce the changes in command structure already 
identified here. This paper does not consider tactical systems organic to infantry battalions such 

15. Justin Bronk, ‘The RAF’s Force Structure Plan and Future Threat Scenarios’, RUSI Journal (Vol. 163, 
No. 3, 2018), pp. 52–57.

16. HM Government, National Security Strategy and Strategic Defence and Security Review 2015, p. 28.
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as 81-mm mortars. Nor does it consider strategic long-range strike capabilities, such as short-
range ballistic missiles held at echelons above corps. While small unit lethality and long-range 
standoff are critical to future combat, they fall outside the parameters of this study. Finally, 
while electronic warfare and other non-lethal fires are playing an increasingly important role 
in operations, they too have been excluded from this study, except insofar as they shape the 
effect of tactical and operational lethal fires or are critical to the sustainment and command and 
control (C2) of fires systems. A proper study of conflict in the electromagnetic spectrum (EMS) 
and cyberspace extends beyond the consideration of fires and deserve separate study. Many of 
these capabilities are also employed at echelons above division.

The paper is based on extensive interviews conducted over a six-month period with industry 
experts, manufacturers of fires platforms and systems, observations of artillery exercises, and 
discussions with officers from 16 countries. As many of these officers and officials were not 
authorised to comment publicly, their names have been withheld from the paper. Similarly, 
there are some capabilities that cannot be presented in detail owing to their commercially 
sensitive nature.

This paper is divided into four chapters. The first outlines the functions of fires, the utility of 
fires’ systems on the modern battlefield, and the challenges presented by adversary capabilities. 
The second surveys trends in technological development that are having a marked impact on 
the coordination, delivery and effect of fires. The third analyses the impact of these capabilities 
on the future battlefield, and the implications for other elements of ground forces. The fourth 
chapter considers the critical fires capabilities for the UK, and the policy trade-offs that 
must be addressed.



I. The Utility of Firepower

ALTHOUGH THIS PAPER is about the future of fires, it is first necessary to establish the 
basic functions for which artillery is required. As Alfred Mahan observed, even very 
significant technological developments, such as the transition from galleys to sailing 

ships, and from sailing ships to steam-powered vessels, while fundamentally changing naval 
tactics, did not alter many of the strategic tasks governing the effective employment of navies.17 
This chapter therefore explores the utility of fires in decisively shaping the battlefield. Artillery 
must fulfil four roles on the modern battlefield. These are, in order of priority:

• Suppression of enemy fires.
• Striking high-value targets (HVTs).
• Breaking up enemy force concentrations.
• Providing fire support to enable manoeuvre.

Each task makes the subsequent one possible, however a warfighting fires’ capability must 
deliver all of these effects. This chapter will unpack what each of these involves, and why they 
are critical to effective warfighting.

Suppression of Enemy Fires
Counter-battery fire is a critical fires responsibility because unless enemy artillery is suppressed, 
they will be free to strike friendly HVTs, break up friendly force concentrations, and provide 
fire support to enable hostile ground manoeuvre. Leaving enemy guns intact ensures suffering 
correspondingly high casualties. For this reason, British doctrine states that: ‘A counterfires plan 
is essential and is normally afforded the highest priority, particularly … before an attack … It must 
be expected that a defending enemy will have identified forming up points and approaches, 
which they will target with indirect fires’.18 

There are five basic methods for neutralising enemy guns: destroying them; depriving them 
of ammunition; forcing them to move, and therefore not to fire; convincing them to fire on 
decoy or unoccupied targets; and depriving them of targets by denying their kill chain necessary 
information about the location of targets.

Against Russian forces the final option is unlikely to be viable. Russian artillery is dependent 
for targeting on EW and intelligence, surveillance and reconnaissance (ISR) assets reporting 
directly to the artillery group, at the same echelon, or prosecuting strikes on a pre-planned set 

17. Alfred Mahan, The Effects of Sea Power Upon History 1660–1783 (London: Sampson Row, Marston, 
Searle and Rivington, 1889), p. 1–9.

18. British Army, Doctrine Note 16/01 Fires, p. 4-E-5.
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of targets at pre-designated times. As Russian forces intend to heavily degrade communications 
in the battle-space, their doctrine is not premised on reliable connections between manoeuvre 
elements and artillery pieces held at a higher echelon. The targeting of Russian guns may be 
proactive, or reactive. Proactive targeting will be dependent on observation and reporting 
of their movements, detection of their communications or analysis of likely emplacement. 
Reactive targeting will be dependent on the acoustic or trajectory analysis of Russian guns as 
they fire. A critical component of Russia’s military modernisation was the standardisation of its 
artillery pieces around the 2S19 Msta 152-mm self-propelled howitzer,19 and the transition from 
several Soviet MLRS platforms to the 9A52-4 Tornado wheeled MLRS system.20 The kill chain 
on Russian systems has been observed in Ukraine to sit between 15 and 12 minutes between 
the observation of a target, and the delivery of effect.21 Russian counter-battery fire on the 
other hand has been observed to take between 4 and 6 minutes. It is also notable that Russian 
artillery is less accurate than NATO systems, leading to a preference for saturation missions 
against area targets. This tends to lead to Russian MLRS delivering a complete salvo before 
manoeuvring to reload. Russian howitzers tend to operate as complete batteries of six guns, 
delivering a fire mission against a grid square before manoeuvring. With a battery of six guns 
firing approximately six rounds per minute, this would see Russian guns in place for four minutes 
while firing, before manoeuvring. In order to strike Russian guns, therefore, NATO fires must 
either be able to deliver counter-battery fires within four minutes, or else have high confidence 
of hitting a dynamic target, moving at up to 40kph. Given that this is quicker than NATO reactive 
counter-battery fires can be delivered, knocking out Russian guns must currently depend on 
proactive targeting.

One consequence of the Russian approach to gunnery is that it demands a very considerable 
quantity of ammunition, both in terms of total rounds fired, and in terms of reloads for MLRS 
systems and howitzers. Furthermore, it is observable that while Russian manoeuvre units are 
designed to move across country and have a high number of organic enablers – such as bridging 
assets – making them difficult to target, Russian logistics is heavily dependent on railways, large 
depots and trucks with limited cross-country capabilities. It is notable that from a logistical 
point of view armies tend to fight as they train, and even on active operations in Ukraine, Russia 
have a consistent tendency to concentrate large quantities of equipment in rear areas.

19. Army Recognition, ‘2S19 Msta-S 152mm Self-Propelled Gun Howitzer’, 22 October 2018.
20. Army Recognition, ‘Tornado CV 9A52-4 MRLS Multiple Rocket Launcher System Data Sheet 

Specifications Information’, 17 January 2016. 
21. Observations in 2014 saw the time between Russian unmanned aircraft systems spotting targets 

and firing at 15 minutes. See Phillip Karber, ‘Lessons Learned from The Russo–Ukrainian War’, 
Potomac Foundation, 8 July 2015, p. 15.
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Figure 1: 91st Central Materiel Reserve Base, Kamensk-Shakhtinskiy, Rostov Oblast, Russia,  
1 October 2018

Source: Armed Forces of Ukraine General Staff. 

In the longer term, therefore, perhaps the most effective way of suppressing Russian fires is 
targeting the logistical tail to their artillery systems. This could constitute either long-range 
precision fires (LRPF) against railheads and ammunition dumps, or analytical targeting of the 
roads, bridges and other bottlenecks behind Russian firing positions once they are unmasked. 
In order to do this, however, it is necessary to have sufficient range to fire over the Russian 
artillery line.

One of the key challenges for NATO forces is that it is highly improbable that NATO can field 
more artillery pieces than Russia. The result is that Russia is able to assign batteries for  
counter-fire missions, while assigning other batteries to missions against NATO force 
concentrations and to support ground manoeuvre. One way to avoid this problem is to outrange 
Russian systems, leaving NATO artillery out of reach of their counter-fires. Range increases come 
with a corresponding rise in cost, weight and therefore requirements for logistical support, 
and consequently reduces the number of systems fieldable. On the other hand, costs can be 
imposed on Russian forces by increasing the number of fire missions necessary to suppress 
a comparatively small number of guns by dispersing them, so that each Russian battery must 
expend the same volume of ammunition pursuing a diminishing number of targets, while leaving 
more NATO artillery pieces free to prosecute counter-fires or fires against Russian manoeuvre 
elements. For this to be possible, NATO must be confident in the resilience of its C2 systems in 
the face of Russian jamming. It must also be confident of its ability to secure its dispersed guns 
against enemy deep-penetration units, or for those artillery pieces to self-protect.
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Striking High-Value Targets
The first operation of the 1991 air campaign against Saddam Hussein’s Iraq was a deep 
penetration raid by eight apache helicopters against radar towers that were critical to the Iraqi 
air defence system.22 Once these were destroyed, precision strikes knocked out Iraqi C2 centres 
and critical national infrastructure before shifting to target the most threatening Iraqi systems,23 
the foremost of which were Scud launchers. Striking enemy HVTs is central to the Western way 
of war,24 and has proven utility in unpicking more sophisticated enemy capabilities. Targets 
may be broken into four objectives: blinding the enemy; paralysing enemy decision-making; 
dislocating enemy formations; and defanging enemy combat units. Achieving these missions, 
however, is becoming increasingly difficult and harder to pursue in the sequential manner 
typified by Operation Desert Storm.

The least effective part of Desert Storm was the targeting of Iraqi transporter erector launchers 
(TELs) firing Scuds.25 These missions became a drain on available aircraft and were routinely 
foiled by decoys and camouflage. Unlike much of Saddam Hussein’s forces, however, the majority 
of Russian HVTs are now mobile. There are five air defence batteries in each Russian brigade, 
supported by longer-range surface-to-air missile (SAM) systems held at higher echelons. Beyond 
the three or more target acquisition radars (TARs) supporting each of these batteries, a majority 
of Russian TELs and SAM systems have their own radar, although of a more limited range 
and lower fidelity. Russian C2 nodes tend to be truck mounted, and therefore easily moved. 
Moreover, Russian brigades have significant organic bridging capabilities, so that hitting bridges 
and other pieces of civic infrastructure may not dislocate Russian forces from manoeuvring to 
provide mutual support. 

The consequence of the increase in organic and mobile assets is that Russian systems cannot be 
unpicked sequentially. Knocking out a SA-21’s support radar will not in itself enable penetration 
of the airspace. The SA-21 will be able to leverage SA-17 and other battery radar. Nor is  
long-range standoff an effective way of degrading many of the lower-end mobile HVTs 
necessary to blind, paralyse or dislocate Russian formations. Increased range is not necessarily 
an advantage in engaging dynamic moving targets. Bridges, fixed radar installations and power 
infrastructure are all targetable by cruise and ballistic missiles. However, if an attempted strike 
against a Russian NIIP 9S18M1-1 TAR from a SA-17 SAM battery is envisaged,26 such standoff 

22. Smithsonian Channel, ‘Actual Footage of Desert Storm’s First Apache Strikes’, 21 May 2015, 
<https://www.youtube.com/watch?v=RhpgCaPoBaE>, accessed 10 September 2019.

23. Fred Frostic, Air Campaign Against the Iraqi Army in the Kuwaiti Theatre of Operations (Santa 
Monica, CA: RAND, 1994).

24. David Alberts, John Garstka and Frederick Stein, Network Centric Warfare: Developing and Leveraging 
Information Superiority (Washington, DC: DoD C4ISR Cooperative Research Program, 1999).

25. William Rosenau, Special Operations Forces and Elusive Enemy Ground Targets: Lessons from 
Vietnam and the Persian Gulf War (Santa Monica, CA: RAND, 2001), pp. 29–44.

26. Karlo Copp, ‘Technical Report APA-TR-2009-0706: NIIP 9S18M1 Snow Drift Acquisition Radar’, Air 
Power Australia, 27 January 2015.
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capabilities are less likely to succeed. Although an F-35 operating within the Russian MEZ, or 
ground units making an observation, may relay the precise location of the radar, the Typhoon 
launching a Storm Shadow would need to fire from outside the MEZ at approximately 400km.27 
The munition would take approximately 24 minutes to reach the target and, with the fidelity 
of radar and other sensors increasing year on year, would quickly be identified and the threat 
flagged to Russian ground units, whose SAM systems are able to move within six minutes, 
meaning that by the time the munition arrived there would be no target at the location. The 
challenges of dynamic targeting with long-range precision strike have been amply demonstrated 
by failed attempts to hit targets in Afghanistan.28 Furthermore, the increase in the effectiveness 
of defensive suites, combined with the limited number of LRPF available given a unit price 
of £800,000 per munition, ensures that such capabilities will need to be prioritised against 
targets with a high probability of kill (PK), rather than against dynamic HVTs. This does not mean 
that long-range standoff lacks utility, but rather that the HVTs relevant to divisional warfighting 
are too numerous, and too hard to target, to warrant the use of such munitions.29 Trying to 
retain sufficient stockpiles of long-range standoff munitions to strike these targets is likely to be 
prohibitively expensive.

The problem of time in flight, and the shoot-and-scoot capability of adversary systems, can be 
mitigated by firing from a ground system within the Russian MEZ. By reducing the time in flight, 
ground systems can reduce the warning time from launch to impact. A simpler munition can 
therefore be used, reducing costs. Damaging a radar, for example, or a command truck, is not 
especially difficult as the sensors that make these systems useful are comparatively delicate. 
Area-effect munitions therefore make knocking out such systems far simpler. The ability to 
target such systems is dependent on the kill chain that finds the HVTs, however. The UK’s F-35Bs, 
while highly capable of identifying radar, cannot reliably provide target track data to legacy air 
and ground systems without utilising Link-16 – NATO’s military tactical data link – which would 
undermine its stealth characteristics, or reaching back through US systems.30 Force recce and 
other systems may provide high-fidelity identification, but will struggle to track a moving HVT 
once it passes from view. EW and other capabilities will prove highly valuable. However, the 
point is that to effectively leverage ground fires to strike HVTs it is necessary to be able to draw 
dynamically on multiple kill chains.31

27. MBDA, ‘Storm Shadow/SCALP’, <https://www.mbda-systems.com/product/storm-shadow-scalp/>, 
accessed 20 August 2019.

28. As with Operation Infinite Reach, where, despite accurate intelligence, the target changed their 
mind as to their destination while the missiles were en route, see Lawrence Wright, The Looming 
Tower: Al Qaeda and the Road to 9/11 (New York, NY: Alfred A Knopf, 2006) p. 284.

29. There are approximately 272 SA-21 launchers stationed in the Baltics alone, which would be 
supplemented by capabilities organic to Russian ground forces in wartime, see Scott Boston et al., 
Assessing the Conventional Forces Imbalance in Europe (Santa Monica, CA: RAND, 2018), p. 9.

30. Justin Bronk, ‘Maximum Value from the F-35: Harnessing Transformational Fifth-Generation 
Capabilities for the UK Military’, RUSI Occasional Paper (2016), pp. 4–5.

31. Eric J Wesley, ‘AUSA Global Force Symposium: Day 3 – Opening Remarks and Keynote Speaker’,   
28 March 2019, <https://www.dvidshub.net/video/668339/ausa-global-force-symposium-day-3-
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Breaking Up Enemy Force Concentrations
Ever since the invention of mobile field artillery, the ability to disrupt and attrit enemy force 
concentrations has had a decisive impact on the outcome of battle. From Waterloo, where 
the allied gun line blunted the advance of Napoleon’s columns,32 to the battles of Salerno, 
Taranto and Anzio, where artillery and naval gunfire support played a critical role in breaking 
up German armour, preventing allied forces being driven into the sea,33 the ability to deliver 
a heavy volume of fire at reach has shaped the battlefield. Between Waterloo and Anzio there 
was a dramatic improvement in the range and lethality of artillery, and yet the determining 
factor in its effectiveness remained similar – the capacity to quickly deliver a high volume of fire 
into a concentrated area.

The development of explosive shells increased the effect of a smaller number of guns, 
consequently causing infantry to disperse. During the Napoleonic era, a British infantry platoon 
would deploy in a space of approximately 16.75m by 2m.34 By the Second World War, a platoon 
was expected to occupy a frontage of approximately 200–400m by 60–100m in defence.35 There 
is a strong correlation between weight of fire and casualties inflicted. The volume of firepower 
is usually proportionate to the size of forces that can be concentrated into a space. Punishing 
this concentration, therefore, and denying an adversary the capacity to concentrate, is critical 
to winning tactical exchanges.

Considering a motor-rifle brigade, Russian doctrine dictates that it will attack with a 6-km 
frontage in 15km of depth,36 comprising four manoeuvre elements supported by around 40 
main battle tanks. British forces, currently unable to knock out Russian massed fires, estimate an 
operational requirement for a brigade to fight across a 100-km frontage, with 100km of depth.37 
Even assuming that British forces would concentrate to fight, this would place no more than a 
reinforced company group in contact with a full Russian manoeuvre element. Unless UK forces 
can break up the concentration of the Russian brigade, the outcome of such an engagement 
would be decidedly unfavourable.

opening-remarks-and-keynote-speaker>, accessed 26 May 2019.  
32. Stephen Summerfield (ed.), Waterloo Logistics: Collected Papers and Maps of Major Archibald 

Frank Becke (London: Ken Trotman Publishing, 2018), pp. 121–34.
33. Antony Beevor, The Second World War (London: Weidenfeld and Nicholson, 2012), pp. 528–54.
34. David Dundas, Principles of Military Movements: Chiefly Applied to Infantry. Illustrated by 

Manoeuveres of the Prussian Troops, and by an Outline of the British Campaigns in Germany, 
During the War of 1757 (London: T. Cadell, 1788), p. 53. 

35. Stephen Bull, World War II Infantry Tactics: Squad and Platoon (Oxford: Osprey Publishing, 2004), p. 61.
36. Lester Grau and Charles Bartles, The Russian Way of War: Force Structure, Tactics, and 

Modernization of the Russian Ground Forces (Fort Leavenworth, KS: Foreign Military Studies Office, 
2016), p. 138.

37. James Martin, ‘Session Five: Fighting in Denied and Dangerous Environments’, RUSI Land Warfare 
Conference, 4 June 2019, <https://www.youtube.com/watch?v=3q7gp6QInOE>, accessed  
18 August 2019.
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It is important to recognise that the objective of breaking up enemy force concentrations 
is not in the first instance to destroy the enemy, but rather to prevent them from achieving 
local numerical superiority, and thereby protect friendly forces, and enable engagements 
with advantage. To break up enemy concentrations, it is first necessary to demonstrate the 
capability, which is invariably achieved by delivering a punishing effect. Once the ability to 
effectively saturate a defined area has been demonstrated, the adversary should disperse to 
avoid suffering comparable casualties in the future. In this sense, breaking up enemy force 
concentrations is critical to Britain’s Manoeuvrist approach, ‘which emphasises effects on the 
will of the enemy. It blends lethal and nonlethal actions to achieve objectives which shape 
the enemy’s understanding, undermine their will and break their cohesion’.38 While the effect 
might only be demonstrated once, it must be clearly signalled that it can be repeated if the 
enemy concentrates again. For this reason, it is not a matter of having a single salvo of highly 
lethal munitions. Instead, a heavy weight of lethal effect must be able to strike repeatedly. 
The level of dispersion forced upon the adversary will be proportionate to the area that British 
forces can saturate with fire. 

The need to be able to repeatedly deliver an effect that must necessarily either rely on many 
precision-guided munitions (PGMs), or an even greater volume of unguided munitions, requires 
retaining a sufficient reserve of ammunition ready for use. The logistical challenge that this 
represents means that such salvos must not be wasted, either by targeting an insufficiently 
concentrated enemy formation, or by falling for deception operations. The capability to break 
up force concentrations is therefore dependent on a reliable kill chain. This is combined with 
the ability to identify the concentration of enemy forces and to define the kill box within which 
it is located. It is then necessary to coordinate many fire platforms which – except when such 
opportunities arise – may otherwise be engaged in quite different tasks. The need for this 
responsive coordination makes a strong case for concentrating command of artillery at the 
divisional level, where EW assets, fused with multiple other sensor streams, can enable the 
identification of appropriate targets. That such fire missions may see a significant proportion 
of fires assets suddenly re-tasked, however, means that – with a finite number of platforms – 
there is a risk that other critical fires functions will not be carried out while the strike against an 
enemy concentration is being prosecuted. Combined with the waste of ammunition once the 
adversary has reacted to being detected and engaged, there is a strong impetus within this fires 
function to be able to deliver the greatest volume of effect within the shortest possible time.

Fire Support to Enable Friendly Ground Manoeuvre
The defeat of adversaries in the close battle is dependent on the effective application of fire 
and manoeuvre. Without the threat of being overrun, dug-in infantry can often avoid heavy 
losses to artillery fire. While the lethal radius of a 105-mm high explosive round is 40m in 
open ground,39 this reduces to 1m against dug-in infantry. However, artillery fire against dug-in 

38. Land Warfare Development Centre, Army Doctrine Publication AC 71940: Land Operations 
(London: Ministry of Defence, 2010) 5-04, p. 5-1.

39. Author interview with four British light gunners, July 2019.
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infantry can suppress them, enabling friendly elements to manoeuvre. Manoeuvring against 
an enemy that is not suppressed is to invite unacceptable losses. During the 1944 Normandy 
campaign, a British Army assessment concluded that the survivability of armour operating 
beyond the reach of friendly artillery halved every six seconds once the vehicle came under 
fire.40 Conversely, a suppressed enemy can be overrun or flushed out, and it is once an adversary 
is forced to move that fires become lethal. Artillery accounted for 58.3% of German losses 
during the First World War.41 This trend has persisted into modern conflict. Following the period 
of high intensity conflict in the Donbas between summer 2014 and 2015 it was concluded that 
artillery accounted for 85% of casualties on both sides.42 The lethality of fires is exacerbated 
once an enemy begins to retreat. While assaulting manoeuvre elements are forced to maintain 
cohesion to avoid falling victim to ambuscade or counterattack, a broken formation will not be 
slowed down by the imperatives of coordinated movement. This often means they will outstrip 
their pursuers, but as was demonstrated in the Iraqi army’s withdrawal from Kuwait,43 or the 
withdrawal of Daesh (also known as the Islamic State of Iraq and Syria, ISIS) formations from 
several Iraqi towns, such units can suffer catastrophic losses to fires, thereby preventing the 
enemy from regrouping, and ensuring decisive defeat.

The effective employment of firepower in support of manoeuvre is substantially different from 
breaking up enemy force concentrations at reach, or precision strikes against HVTs. The first 
point is that the threat of the capability is not sufficient to suppress the enemy. Thus, it is critical 
that the fires system is able to sustain its fire for a prolonged period. This has an effect on range. 
Range is relevant in that it allows a battery to provide support from further away, thus protecting 
it from counterbattery fire. However, the need to sustain a high volume of fire also means that 
precision munitions are usually prohibitively expensive for this work, and as the range of an 
unguided fire mission increases, so the dispersion of the rounds must increase.44 This reduction 
in accuracy also increases the distance that must be maintained between the fire and friendly 
manoeuvre forces. Many studies have demonstrated, however, that the closer friendly forces 
can keep with a barrage, the less they will suffer in the assault. Thus, fires systems supporting 
ground manoeuvre work best operating comparatively close to friendly forces. Such systems 
are not required to prosecute missions into the enemy deep battle, since effecting targets far 
behind the fighting will not enable tactical manoeuvre. Finally, a degree of dispersion in rounds 

40. John Buckley, ‘Session Ten: Historians’ Analysis of OVERLORD’, RUSI Land Warfare Conference,  
5 June 2019, <https://www.youtube.com/watch?v=WAH2c_vgw7Q>, accessed 18 August 2019.

41. Robert Whalen, Bitter Wounds: German Victims of the Great War, 1914–1939 (New York, NY: 
Ithaca, 1984), pp. 41–42.

42. Karber, ‘Lessons Learned from The Russo–Ukrainian War’, p. 17.
43. Steve Coll and William Brannigin, ‘US Scrambled to Shape View of Highway of Death’, Washington 

Post, 11 March 1991.
44. For unguided 155-mm rounds, dispersion can range from 95m at 15-km range to 275m at 30-km, 

see Samuel Paunila et al., Explosive Weapon Effects (Geneva: Geneva International Centre for 
Humanitarian Demining, 2017), p. 34. This is significantly reduced by advance fire control systems, 
but while the circular error probable (CEP) is less than this with NATO artillery, the proportionate 
increase in CEP over range is consistent.
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is important, as some randomness increases the psychological impact of the fire mission, and 
therefore its suppressive effect.45 The limit on dispersion must be that the fire is deliverable in 
close support of friendly forces without committing fratricide.

There is a tension in delivering fire support between neutralising and suppressing the adversary. 
The judgement largely comes down to munitions and terrain. In open terrain a force may be 
effectively neutralised by the application of fires. In dense, marshy or urban terrain, or against 
dug-in forces, the number of rounds necessary to neutralise the adversary renders suppression 
to enable assault preferable. Nevertheless, the infliction of casualties must necessarily be 
disproportionately effective in fixing an adversary, since they must be cared for. Therefore, the 
delivery of fire missions to support ground manoeuvre will often transition from delivering as 
many rounds as possible in the first salvo when the target is not in cover, thereby inflicting the 
maximum number of casualties, to a sustained barrage necessary for effective suppression. One 
important point here is that the sustained barrage can be interrupted by counter battery fire, 
both explaining why suppression of enemy fires is a higher priority, and creating a need for fires 
systems to pass the baton in delivering a barrage between dispersed fires elements. 

The switching from firing to inflict casualties to firing for suppression does not have to be 
linear. Lifting a barrage, and then delivering a heavy salvo, may catch adversaries exiting cover. 
Alternatively, Russia demonstrated in Ukraine how non-lethal fires could be mixed with artillery 
to push forces into the open. Having delivered a salvo against Ukrainian vehicles, Russian forces 
texted Ukrainian dismounts taking cover, threatening an armoured attack, and then caught 
the dismounts with indirect fire as they attempted to withdraw. Alternatively, suppression 
may fix a target in a kill box long enough to enable a decisive capability to be deployed. For 
Russia, this may comprise artillery firing cluster munitions, or capabilities such as the TOS-1A, a  
short-range thermobaric MRLS system capable of saturating a 40,000-m2 area,46 with the 
shockwave concentrating in scrapes and foxholes to achieve a very high level of lethality against 
dug-in infantry. Indirect fire may therefore fix a platoon, while the TOS-1A is brought into 
position to deliver its payload, clearing the path for Russian manoeuvre forces to advance.

Finally, it is worth highlighting that NATO forces have tended to significantly underestimate 
the quantity of firepower needed to enable ground manoeuvre without prohibitive casualties, 
when fighting in complex terrain. The RAF has made a great deal out of a supposed civilian 

45. Suppression is an understudied phenomenon, however, as Trevor Dupuy observed, it is a 
‘component of disruption’ to soldiers, rendering them unable to decide and implement a course of 
action, through fear, communications failure, or disorientation, see Trevor Dupuy, Understanding 
War: History and Theory of Combat (St Paul, MN: Paragon, 1987), p. 251. It is notable that there 
are many instances of soldiers and civilians being psychologically unaffected by air or artillery 
strikes when they follow routine patterns. 

46. Army Recognition, ‘TOS-1A BM-1 Soltsepek’, 5 October 2018, <https://www.armyrecognition.com/
russia_russian_army_vehicles_system_artillery_uk/tos-1a_bm-1_soltsepek_heavy_flamethrower_
armoured_vehicle_technical_data_sheet_specifications.html>, accessed 2 October 2019.
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casualty rate of just one from its strikes against Daesh.47 This figure is highly disputable, since 
the RAF conducted numerous strikes against buildings with no way of knowing who was in them. 
However, there is another pernicious effect of this narrative of precision. Fundamentally, the 
success of Iraqi liberation operations against Mosul, Fallujah, Tel Afar and Baiji depended on large 
numbers of artillery strikes. In 2016 and 2017, the author witnessed Iraqi forces operating with 
the support of significant numbers of 155-mm howitzers, 57-mm anti-aircraft guns converted 
for direct fire, mortars, Grads and other land-based fires systems. Iraqi forces even deployed a 
TOS-1 to Mosul.48 Despite NATO countries running low on PGMs with the number of air strikes 
involved, the Iraqis still used a large amount of ground-based fires in retaking urban areas. The 
success of these operations was therefore dependent on a capability that most NATO forces 
would struggle to generate themselves, lacking both enough tubes and ammunition stockpiles.

The Shaping Effect of Fires
One of the challenges in prioritising the development of an effective fires capability is the belief 
that effective ground-based fires are only vital in high-intensity warfare. Given that direct war 
with Russia is unlikely, and the bulk of military operations either take place against sub-peer 
adversaries, or below the threshold of armed conflict, firepower is not the foremost priority 
in the allocation of limited resources. As the example from Iraq above illustrates, however – 
given Britain’s interest in pursuing an engagement strategy – providing artillery support may 
be a critical offer in enabling partners and allies to conduct challenging operations. More 
importantly, artillery has a substantial psychological effect that is not confined to near-peer 
high-intensity warfare.

To return to the Russian rocket strikes against Ukrainian forces near Zelenopillya on 11 July 
2014, it is important to note that the Russians employed BM-21 Grad and Smerch MLRS. These 
Soviet systems are ubiquitous, simple and cheap. Yet the effect has reached far beyond the 
conflict in Ukraine. Russia’s credible fires capability has forced Western armies to reconsider 
how they manoeuvre and resupply and the equipment necessary to avoid taking unacceptable 
casualties. This has imposed significant costs on NATO forces, long before any actual political 
crisis that could lead to direct confrontation emerges. Yet suppose such an incident were to 
occur, and there was a parallel build-up of forces in the Baltics with Russian and NATO troops 
on either side of the border. Owing to the weight of Russian fires, NATO forces would need to 
operate dispersed, dig in when not manoeuvring, extensively camouflage their positions, and 
avoid exposing their logistical hubs. The lower force density this would impose would make it 
harder to confront comparatively small Russian irregular, unbadged or special forces that might 
attempt to infiltrate the battlespace. These procedures would be imposed because if NATO 
units did not do these things they could present Russian forces with an opportunity to destroy 
vital assets without warning, as the opening action in escalating to direct conflict. Conversely, 

47. Alexandra Heal, ‘RAF Claims it Harmed Just One Civilian out of 4,000 Enemy Fighters in Iraq and 
Syria’, The Guardian, 7 March 2019.

48. Robert Beckhusen, ‘Iraq Moves its Terrifying Thermobaric Rocket Tanks to Mosul’, VICE News,  
27 October 2016.



Jack Watling 15

Russian forces, owing to their integrated air defences and the shortage of NATO artillery, would 
likely not need to disperse or conceal their logistics. They would therefore be able to move large 
numbers of troops and significant quantities of materiel, with greater efficiency, giving significant 
advantages in the early stages of fighting. Thus, NATO’s limited tactical and operational fires 
capabilities cede significant advantages to Russian forces, even below the threshold of armed 
conflict, and erode NATO’s deterrence posture.

Beyond the practical countermeasures necessary when operating under the threat of superior 
firepower, artillery has a significant psychological effect below and above the threshold of direct 
armed conflict. It is notable that large preparatory bombardments, whether before D-Day or the 
Somme, appear to have given a significant boost to the morale of units preparing to conduct 
assaults, even though the actual effect of these bombardments on enemy fortified positions 
was far from satisfactory. Conversely, troops facing an adversary with a disproportionate fires 
capability must bear the stress of anticipating its effects, which is often more damaging to morale 
than actual combat. In the critical preparatory phases before conflict, therefore, the fact that 
NATO troops would currently have insufficient artillery support while facing an adversary able 
to deploy a vast weight of firepower must necessarily have a negative effect on the morale of 
Allied forces. Powerlessness and the loss of situational awareness are two factors that contribute 
significantly to units breaking. The foreknowledge that Russian forces possess long-range fire 
systems to which NATO lacks sufficient countermeasures must necessarily convey a sense of 
powerlessness to those holding ground that may soon become the target of those systems. In 
this sense, the physical presence of friendly artillery must contribute to the steadfastness and 
psychological preparedness of NATO forces.
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II. Trends in Capability

A GUNNERY OFFICER FROM the Second World War would undoubtedly be impressed 
by a modern self-propelled howitzer but would have little difficulty in grasping how it 
functions and what it can achieve. Most technological developments of any significance 

are iterative and slow. However, there are some technological trends that are likely to have 
a transformative effect on the delivery of fire against ground targets. This chapter seeks to 
highlight four of these critical trends, while acknowledging that the capabilities outlined here do 
not remove the value of unguided high explosives and are transformative only when employed 
as part of a coherent concept of operations. The trends to be considered are: the increasing 
range of artillery systems; the maturation of active seeker munitions with sufficient fidelity to 
reliably strike ground targets; automated C2 systems able to decrease the complexity of kill 
chains; and increasingly sophisticated counter-rocket, artillery and mortar (C-RAM) systems. 
These capability trends drive fires capabilities in three critical ways:

• The PK of fire missions is increasing, reducing the number of platforms needed to deliver 
significant effects. 

• There is a growing tension between the need to manage munitions, and the speed of 
engagement, which is pulling C2 both down and up echelons. 

• The battlefield is increasingly divided not so much by range, but by zones where fires 
outweigh protection, and vice versa.

Increasing Range
The Ordinance Quick Fire 25-Pounder Gun – ubiquitous among British forces during the Second 
World War – could fire its high-explosive (HE) round to a maximum range of 13,400 yards.49 
The M13 Rocket, which the Red Army fired from BM-13 MLRS, could reach just 8.5km.50 Today, 
155-mm and 152-mm howitzers have ranges between 32km and 48km using base bleed, while 
MLRS systems have achieved 70–120-km ranges. Artillery pieces in late stage testing, meanwhile, 
have achieved even greater ranges, with 155-mm howitzers able to deliver rounds up to 70km.51 
By using gliding bombs, 120-mm mortars have extended their ranges from 5km to up to 16km.52 
Moreover, LRPF systems – notably missiles such as Army Tactical Missile Systems – are shifting 

49. Imperial War Museum, LBY 72248, India, British Empire, Army, Range Tables (Part 1) for Q.F. 25-PR. 
Guns (Simla: Government of India, 1945).

50. Jamie Prenatt, Katyusha: Russian Multiple Rocket Launchers, 1941–Present (Oxford: Osprey, 2016), p. 7.
51. Jared Keller, ‘Meet the M1299, the New Army Howitzer with Twice the Range of the Paladin’, Task 

& Purpose, 24 July 2019.
52. Author briefing by Elbit Systems, Yoqnaem, Israel, July 2019.
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from ranges of around 150km, to up to 300km via DeepStrike and other munitions.53 Across 
the board, the ranges of standard artillery systems are being pushed further and further. It 
should not be assumed that this trend will continue indefinitely. The L118 105-mm Light Gun, 
for instance, has probably achieved its maximum realistic range at 17.2km, with a significant 
reduction in accuracy beyond 15km. However, it seems reasonable to state that the ranges of 
artillery systems are likely to increase by 50–100% within the period under examination in this 
paper. The impact of this general increase in range is complex, effecting C2 and how manoeuvre 
elements will need to operate, and coordinate with their fires.

To begin with the impact on manoeuvre, for most of the previous century the range of fires 
systems has been closely tied to the boundaries between the close and deep battle, with the 
reach of artillery falling just beyond the anticipated objectives. During the First World War, since 
fire was essential for suppressing positions to be assaulted, an attack could not be expected to 
reach beyond the range of supporting artillery, and on reaching that limit would need to halt 
while guns were moved forward.54 Early in the Korean War, North Korean forces would fix US, 
South Korean and later UN troops with fire, and envelop them with infantry. North Korean and 
Soviet planners anticipated a daily advance of 20km,55 which was proportionate to the reach of 
fires systems. In AirLand Battle, although the anticipation was to break through to the enemy 
deep, effecting the breakthrough was enabled by severing the close from supporting higher 
echelons through the employment of fires. This would enable localised overmatch, and the 
breach would then allow breakthrough forces to manoeuvre to defeat the second echelon.56 
Although fires had increased in range, they were only expected to threaten the boundary 
between the close and the deep.

The correlation between the range of fire systems and the reach of manoeuvre elements is now 
changing, because the range of artillery is increasing while the speed of advance of manoeuvre 
formations is not. During the Second World War, British doctrine maintained support groups 
as separate division-level formations, which would command the fires capability for each 
division. This support group would then allocate batteries to support each manoeuvre brigade’s 
operations in accordance with the fires plan. The fires plan was controlled at the highest level 
possible to simplify the supply of guns with ammunition, and to coordinate counterbattery 
fire and other artillery missions. However, batteries were assigned to support brigade missions 
because – for the most part – their limited range meant that specific batteries had to operate 
in support and manoeuvre to assist their assigned brigades. The increase in range means 
that batteries are less tied to advancing at the pace of brigades to support their operations. 
It therefore becomes possible to assign batteries to provide support to a greater number of 

53. Raytheon, ‘DeepStrike Missile’, <https://www.raytheon.com/capabilities/products/deepstrike_
long_range_precision_fires>, accessed 22 September 2019.

54. Sanders Marble, British Artillery on the Western Front in the First World War: ‘The Infantry Cannot 
Do with a Gun Less’ (New York, NY: Taylor & Francis, 2016), p. 250.

55. Kenneth Pollack, Armies of Sand: The Past, Present and Future of Arab Military Effectiveness (New 
York, NY: Oxford University Press, 2019) p. 78.

56. US Army Training and Doctrine Command (TRADOC), ‘FM 100-5 Operations 1982’, 1982.
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independently manoeuvring elements. This means that a gun line may be dispersed further to 
the rear, and operate as a centrally managed divisional fires group, but still provide support to 
each manoeuvre brigade. Thus, the command of the emplacement and fires plans of guns may 
be held for longer at a higher echelon.

A further consequence of the increase in range is that whereas traditionally a brigade would 
receive fire support from the batteries assigned to support its operations, the increase in range 
enables a smaller number of guns in a divisional fires group to nevertheless bring a higher 
proportion of the group’s fire to bear in support of a specific manoeuvre brigade. For example, 
if in the Second World War three batteries were assigned from the divisional fires group (DFG) 
to support a brigade, with one fulfilling counterbattery missions, a second manoeuvring and 
a third delivering fire missions in support of the manoeuvring force, the total weight of fire 
available to target an enemy force concentration might be two batteries, from a DFG of nine 
batteries. By contrast, if a DFG of nine batteries in which each battery has the range to support 
all three manoeuvring brigades is envisaged, then each brigade might, at any given time, receive 
support from six to nine batteries, drastically increasing the available effect, without increasing 
the number of guns in the force. This means that concentrating manoeuvre forces is becoming 
increasingly dangerous, because the proportion of enemy fires able to strike that concentration 
is growing at a rate which correlates with the increasing range of fires systems.

A further significant effect of the increasing range of fires systems is its impact on sustainment 
operations. It has been understood that last-mile resupply – moving ammunition, food, water 
and other critical materiel to front-line units within range of enemy fires – is highly dangerous. 
For more extensive resupply, troops will have rotated out of the Forward Line of Own Troops 
(FLOT) to beyond range of most enemy fires systems,57 thereby enabling resupply from depots. 
Because artillery ranges are increasing faster than the speed of manoeuvre, however, the ‘last 
mile’ could easily extend beyond 50km behind the FLOT. Traversing this distance, since cover 
cannot be assured while moving, would be hazardous, and the greater distance must mean 
more time exposed to fire for both manoeuvre forces seeking to rotate out of the FLOT and for 
sustainment units trying to resupply the line. That operations must be conducted at risk over 
greater distances means that the number of troops that can be sustained forward is likely to 
decrease. It takes up to 50 military trucks of supplies per day to keep a dispersed brigade fighting 
in a high-intensity conflict.58 Moving 50 trucks through 50km of exposed ground would present 
a significant challenge. It is therefore conceivable that force densities are likely to decrease 
significantly as one approaches the FLOT. The increasing range of artillery therefore calls into 
question whether the future FLOT can be envisaged as a line, or should rather be understood as 
a zone, in which friendly and hostile forces are entangled.

57. Ian Malcolm Brown, British Logistics on the Western Front, 1914–1919 (Westport, CT: Praeger, 
1998), pp. 109–38.

58. According to studies on dispersed operations conducted by the British Army and Belgian Army in 
2018 and 2019.
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Multi-Sensor Active-Seeker Munitions
The precision munition revolution, partially driven by technology emanating from 
experimentation in support of counterinsurgency operations in Vietnam,59 profoundly reshaped 
conventional warfare. Soviet military theorists noted that the effect was as significant as the use 
of tactical nuclear weapons, with the advantage of avoiding nuclear escalation.60 The number 
of precision munitions on the battlefield, however, was relatively small, comprising only 8% of 
munitions dropped during Operation Desert Storm, despite the media attention they received.61 
The cost of precision munitions meant that they were prioritised for operationally significant 
targets, reducing the impact of these systems on small unit encounters. Thus, despite the 
destruction of Iraq’s C2 infrastructure, much of the country’s ground forces remained in place. 
Two factors are rapidly changing this balance. First, the maturation and refinement of guidance 
systems has made it possible to reliably and accurately strike dynamic ground targets. Second, 
the demand for precision munitions during the Global War on Terror62 has driven down their cost 
considerably, while simultaneously increasing the cost of their tactical targets, which must now 
have countermeasures.63 The technology is also proliferating. Russia, which has only recently 
integrated precision strike capabilities into its aircraft, has made significant gains in its precision 
arsenal, thanks in no small part to extensive testing in Syria.64 China, too, is both manufacturing 
increasingly sophisticated munitions, and exporting them.65 Consistent and significant demand 
and competition are consequently driving down costs so that precision strikes are now available 
for tactical purposes.

Most early precision weaponry comprised guided munitions, brought on to target by a laser 
designator, or with the course corrected by an operator. The need to have a continuous 
link between operator and munition either reduces the effective range or provides a single 
dependency that could be disrupted by adversary EW capabilities. These challenges are now 
being overcome through the miniaturisation of computing and the integration of multi-sensor 

59. Sharon Weinberger, The Imagineers of War: The Untold Story of DARPA, the Pentagon Agency that 
Changed the World (New York, NY: Knopf, 2017), p. 216.

60. Roger McDermott and Tor Bukkvoll, ‘Tools of Future Wars – Russia is Entering the Precision-Strike 
Regime’, Journal of Slavic Military Studies, (Vol. 31, No. 2, 2018), p. 194.

61. Kwai-Cheung Chan, Operation Desert Storm: Evaluation of the Air Campaign (Washington, DC: 
General Accounting Office, 1997), p. 29.

62. The ratio of precision to conventional munitions during Operation Iraqi Freedom compared with 
Operation Desert Storm was practically inverted, see J R Wilson, ‘Pinpoint Accuracy: Bombs, 
Rockets, and Mortars Get New Brains’, Armed Forces Journal, January 2005, pp. 32–34.

63. Consider the cost of retrofitting Active Protection Systems on legacy tanks, which also increases 
their weight by up to a tonne.

64. Michael Peck, ‘Russia’s Air Force is More Dangerous Than Ever Thanks to This: The War in Syria’, 
National Interest, 23 January 2019.
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Aniseh Bassiri Tabrizi and Justin Bronk, ‘Armed Drones in the Middle East: Proliferation and Norms 
in the Region’, RUSI Occasional Papers (December 2018).
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munitions, with the ability to autonomously seek targets. Inertial guidance is consistently able 
to deliver munitions close enough for onboard sensors to begin course correction during the 
terminal phase. All single sensors have limitations. Electro-optical sensors, for instance – likely 
to offer the most accurate strikes – tend to struggle if visibility is impaired below 700m.66 
Millimetric radar seekers, by contrast, are able to pick out armoured vehicles in dense terrain 
or poor visibility, but struggle to distinguish between a priority target, such as a TOS-1A, an old 
T-72 and the decoy beside it. Camouflage materials, meanwhile, can counter infrared seekers. 
The ability to combine multiple targeting systems into a single munition, however, has greatly 
increased the reliability, fidelity and accuracy of precision munitions, while computer processing 
has enabled munitions to autonomously course correct to deliver precision strikes.

The maturation of multi-sensor active-seeker munitions is increasing the lethality of a range 
of fires systems against dynamic targets. To consider 155-mm artillery, there are several  
sensor-fused munitions available. The earliest came from the US Project Sense and Destroy 
ARMor (SADARM) programme, which comprised a 155-mm shell able to dispense two  
sensor-fused sub-munitions. These would be ejected above the target and descend on a 
parachute, their seeker heads scanning a cone for armoured targets, which would then be struck 
with an explosive penetrator. SADARM achieved an 85% success rate under test conditions. 
This dropped in combat during Operation Iraqi Freedom. Battlefield assessments by 3 Infantry 
Division concluded that ‘three rounds will kill at least one tank’. This PK increased against targets 
with less protection than main battle tanks (MBTs), although it was noted that SADARM were 
‘much more effective against armor than effects tables say’.67 The capability has been taken up in 
Europe with GIWS’s SMART shell and Nexter’s BONUS shell. The latter have achieved a PK of 50%, 
so that each shell can be expected to strike a targeted gun or vehicle.68 Initial experimentation 
of six SADARM sub-munitions in MLRS proved promising, although their development was 
slowed by reviews in the Department of Defense exploring whether with the end of the Cold 
War there was ‘a continued need for systems with an anti-armour capability’.69 Nevertheless, 
MLRS systems with up to nine sub-munitions are conceivable. This would enable a battery of 
six wheeled MLRS such as HIMARS,70 each able to fire six rockets, to fire 36 rockets dispensing 
324 active-seeker sub-munitions. Even if the proportion of vehicles destroyed by the 324  
sub-munitions tracked with results from Operation Iraqi Freedom, the loss of 108 vehicles 
across a brigade in a single salvo would be unacceptable. The precision of targeting required to 
saturate an enemy concentrated in a 90-km2 area, comprising the operational box of a Russian 
motor-rifle brigade (MRB), is fairly simple. Thus, sensor-fused munitions reduce the number of 
rounds required to break up enemy force concentrations of vehicles or conduct counterbattery 

66. Author briefing by precision weapons engineer, Israel, July 2019.
67. Doug Harding et al., ‘Fires in the Close Fight: OIF Lessons Learned’, Infantry Conference, Fort 

Benning, 9 September 2003, slide 16.
68. Author interview with Nexter representatives, London, September 2019.
69. US General Accounting Office, ‘Army Acquisition: Problem with Sense and Destroy Armor 

Munition’, 23 November 1993, p. 4.
70. Lockheed Martin, ‘High Mobility Artillery Rocket System (HIMARS)’, <https://www.lockheedmartin.

com/en-us/products/high-mobility-artillery-rocket-system.html>, accessed 18 August 2019.
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fire. Limited discrimination renders artillery-delivered sensor-fused munitions less suitable for 
targeting HVTs, while the lack of area effect renders artillery-delivered sensor-fused munitions 
unviable for suppressive fire in support of ground manoeuvre. Furthermore, the cost of such 
munitions, combined with the opportunity cost of stowing them, given the need for a greater 
volume of area effect rounds in artillery systems, means that sensor-fused systems are better 
employed breaking up enemy force concentrations, and counter battery fire.

The introduction of active-seeker munitions able to reliably target ground vehicles must 
necessarily reshape land warfare, just as anti-ship missiles have transformed naval operations.71 
Inertial guidance will allow a munition to begin seeking within a critical area. However, if 
the target has moved out of that area, it will have nothing to seek. Survivability therefore is 
increasingly tied to mobility, and the critical determinant for effective fires is the speed of the kill 
chain able to bring the munition to its target. The capacity to deliver highly lethal effects against 
dynamic targets must contribute to breaking up manoeuvre elements into smaller packets, 
and to increasing unoccupied space between manoeuvre elements. Thus, one may envisage 
a battlefield with manoeuvre elements coming into contact in sudden meeting engagements, 
potentially at unpredictable angles.

The utility of multi-sensor active-seeker munitions is not constrained to artillery. There are a 
growing number of optionally autonomous medium-range missiles, which can be programmed 
to identify and strike dynamic targets within a specific area. MBDA’s ground-launched  
Brimstone II is one of the most advanced examples. The virtue of these systems is that relatively 
small combat teams, unburdened by heavy weapons systems, may function as a recce screen, 
calling in highly precise strikes from their rear area, without needing to remain in place to guide 
in the munition. In such meeting engagements, becoming fixed will enable active seekers to 
strike. Therefore, being able to identify and call for an effect, before manoeuvring to avoid being 
in the area within which an adversary active seeker may scan, will allow small recce elements to 
inflict disproportionate damage. One may envisage the contested zone therefore being initially 
dominated by small, sudden and highly lethal engagements.

Another critical path of development for multi-sensor active-seeker capabilities is small-target 
UAVs. There has been a great deal of hype regarding autonomous swarms of UAVs, and while 
such technologies may have some utility in spoofing radar systems, swarming technology is 
unlikely to be transformative in the delivery of fires.72 However, the use of UAVs to strike HVTs 
has been proven. Both Russian forces73 and Daesh74 have used grenade-carrying UAVs to destroy 

71. Wayne Hughes and Robert Garnier, Fleet Tactics and Naval Operations, 3rd edition (Annapolis, MD: 
Naval Institute Press, 2018).

72. Lynn E Davis et al., Armed and Dangerous? UAVs and U.S. Security (Santa Monica, CA: RAND 
Corporation, 2014), p. 4. 

73. Using UAS with thermite grenades against ammunition dumps in Ukraine, see Kyle Mizokami, ‘Another 
Ukrainian Ammo Dump Goes Up in Massive Explosion’, Popular Mechanics, 27 September 2017.

74. ABC News, ‘Syria: Footage Shows Islamic State Drone Blowing up Stadium Ammo Dump’,  
25 October 2017.
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ammunition dumps. Daesh used UAVs to strike enemy command groups and other systems. 
The Houthis in Yemen have used target UAVs to strike deep into enemy rear areas,75 while 
Syrian opposition forces have used crude UAVs to suppress the Russian air base at Hmeimim.76 
Perhaps the most spectacular strike was conducted by Iran against Aramco oil facilities in Saudi 
Arabia.77 The effects achieved through improvised and crudely made target UAVs even against 
sophisticated forces highlights the viability of the capability. Today, there is an increasing 
number of more sophisticated target UAVs available, from the Israeli Harpy,78 to the Russian 
Kalashnikov79 or the US’s Switchblade.80 Although these systems have all proven vulnerable to 
counter-unmanned aircraft system measures – most effectively demonstrated in Hmeimim – the 
growing sophistication of these systems suggests that investing in small, attritable and tactical 
target UAVs would provide a rapid and precise way to engage and destroy HVTs of opportunity.81 
A further critical element of these systems is their capacity to act as loitering munitions to deny 
ground. The emplacement of such active-seeker munitions into identified corridors of adversary 
advance enables tactical units to canalise enemy forces and shape their movement, diverting 
them into kill zones for conventional artillery.

The implications of these capabilities produce a tension in the management of fires. If the range 
of conventional fires is enabling their management at higher echelons, the speed of engagement 
required to maximise the effects of active-seeker munitions forces the decision to employ fires 
as low as possible. The point is that an active-seeker only functions if there is a target within the 
area that it can scan. ‘That is a defined area’, noted an engineer specialising in these munitions, 
‘and the thing I can’t correct for is the length of the decision cycle that precedes launching 
the munition’.82 Either the friendly manoeuvre element calling for fire must fix the target, 
potentially exposing themselves to comparable effects, or the time between the call for effect 
and its delivery must be reduced as much as possible. Manoeuvre elements in contact will have 
a bias towards calling for the effect with the highest PK to engage any and all available targets, 
which, given the limited numbers of active-seeker munitions available, threatens ammunition 
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supplies. Ensuring a quick enough kill chain therefore demands the development of appropriate 
supportive C2 processes.

Translation and Data Fusion
There is a persistent fascination in militaries with the concept of a unified and complete 
battlespace management system enabling the three-dimensional (or even five-dimensional 
if one includes the virtual and cognitive dimensions described in UK Doctrine) visualisation 
of the battlespace in real time.83 The likelihood of such a system becoming viable, not least 
because it would become a single point of failure, is questionable. However, the drive towards 
advanced battlespace management84 is producing an increasingly diverse range of methods for 
fusing disparate sensor feeds. The most significant developments are systems able to translate 
separate and distinct data sets into a single language, enabling different types of data to be 
compared. These capabilities have important implications for artillery systems by reshaping kill 
chains, and the decision point for the application of fires.

One of the by-products of the War on Terror, and its associated counterinsurgency campaigns, 
has been a proliferation of battlefield sensors. With the luxury of a several-hundred strong 
targeting team, fusing images from a vast array of collected data allowed brigade staffs to plan the 
precise use of fires.85 The quantity of sensor data is continuing to expand, but in a high-intensity 
conflict the capacity to process it will be limited, and the viability of having a large targeting cell 
supporting the high number of synchronic operations involved is doubtful. Moreover, the need 
to pass large quantities of data to centralised headquarters for it to be processed creates a slow 
kill chain. The time lag created by the transmission and processing of data also makes keeping 
track of dynamic targets difficult without a constant exchange between sensor and shooter,86 
which must be vulnerable to interference. The link also creates a persistent signature, enabling 
enemies to locate and fire upon command infrastructure.

83. It is a persistent feature of warfare in science fiction; for typical examples, see Orson Scott Card, 
Ender’s Game (New York, NY: Tor Books, 1985); David Weber, The Short Victorious War (New York, 
NY: Baen Books, 1994).
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see Tom Rowden, ‘Navy and Marines Demonstrate Integrated Fire Control’, America’s Navy  
(No. 52, Fall 2016).
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by Task Force Stryker in Afghanistan concluded that this mode of operating depended on fixed 
operations centres to accurately and quickly manage information, which comprised ‘several 
hundred people’, located at Kandahar Airfield, see Harry Tunnel, ‘Task Force Stryker Network 
Centric Operations in Afghanistan’, Center for Technology and National Security Policy National 
Defense University, October 2011, p. 2.
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Imagine instead a situation in which a sensor has located an enemy truck-mounted command 
vehicle. Rather than transmitting its coordinates, the observer takes a picture, marking one of 
the pixels from the target, and transmits this image in a single burst to the fires command post 
(CP). At the CP, the image is ingested and fused with other images from other planes, most 
importantly a satellite or aerial image, which allows the target pixel in the vertical plane to be 
translated into a point on a map. The fusion system – using computer vision – also notes that 
the target is a KamAZ R-149AKSh Command Vehicle,87 and attaches the electro-optical, infrared 
and radar signature of this target to the data packet containing the target’s coordinates. This 
is passed to a launch platform, and the data is ingested by the munition, which is launched to 
the area containing the vehicle. Having reached the area, the sensors in the nose of the missile 
first identify the pixel from the original photograph, and then scan to see whether the target 
still resembles the command vehicle. If the signature has changed, the missile could then scan 
the area to see where the target had moved to, and course correct. Alternatively – if the target 
had been a window in a building – the munition could have been set to simply prosecute the 
strike against the identified point. This system could speed up the kill chain from the sensor 
finding the target to launching the munition down to a minute, with only two transmissions. 
Furthermore, it would not require persistent connectivity, nor access to a large data bank. The 
system would achieve the firing solution simply by reference to the data immediately available 
within its discrete components. The components of this system already exist. Rafael’s Fire 
Weaver can create intersections from images on different planes to produce targeting data.88 
Thales has produced computer vision modules able to accurately identify vehicles occupying 
12 pixels.89 MBDA’s ground-launched Brimstone II has all of the necessary sensors to prosecute 
such a strike.90 As demonstrated by the UK’s Sky Sabre system – a joint project between Rafael, 
MBDA, and Saab91 – or Watchkeeper, a collaboration between Elbit and Thales,92 integrating 
products from multiple manufacturers seems achievable once the Ministry of Defence makes 
clear its requirements. 

The system outlined above is indicative of a C2 architecture for fires that is likely to become 
increasingly viable and widespread. Its general employment has the effect of speeding up the 
targeting cycle, while reducing the amount of calculations required by fire controllers. Such 
a system has three decision points: the sensor operator deciding to call for fires; the fires CP 
which must assess whether the target selected is worth the ammunition necessary to destroy 
it; and the launch platform commander, who must assess whether launching would expose their 

87. Ministry of Defence of the Russian Federation, ‘March Tests Up-to-Date Signal Communications 
Equipment of Southern Military District’s Control Formation’, 13 March 2018, <http://eng.mil.ru/
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89. Author interview with Thales technicians, Copehill Down, December 2018.
90. MBDA, ‘Brimstone’, <https://www.mbda-systems.com/product/brimstone/>, accessed 20 August 2019.
91. British Army, ‘Army Unveils Sky Sabre Air Defence System’, 5 February 2018.
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platform to risk. In general, as the supply of ammunition is an operational matter, command 
would rest with the CP, but the need to ensure the fastest possible speed of engagement would 
encourage pushing control to the sensor operator.

Figure 2: Kill Chain on Dynamic Target

Source: Author’s research.

The effect of such a system on the coordination of tube artillery is somewhat different. Given 
the trajectory of processing power, a single CP will be increasingly capable of coordinating the 
fires of a large number of dispersed guns. Consider, for instance, a network of sensors flagging 
targets to the CP. The system integrating these identified units could compare this with the 
number of guns available at any given time, thereby providing the commander with a list of 
targets and types of strike to be assigned prioritisation. Once the prioritisation is established, 
the system could automatically assign guns to these approved missions, comparing the reported 
position of the gun with the target to distribute a firing solution, and sequence. This could 
enable gun captains to receive a unique fire mission, prosecute it, flag to the CP that they had 
completed their mission, and then manoeuvre to avoid counterbattery fire. The gun captain 
could then report when repositioned to indicate that the gun is available to undertake a new 
fire mission. To consider the functioning of such a system in practice, envisage a 24-gun fires 
group dispersed across an 8km-by-3km area. A single CP (although there would need to be 
several CPs available as a redundancy) could receive fire missions and assign them to each 
gun, which would then move from its hide to a firing position, conduct two minutes of firing, 
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and then return to a new hide. The Israeli New Gun system has demonstrated in testing that 
from the call for fire it can set up, fire six rounds and be moving within two minutes.93 The 
Israel Defense Forces (IDF) believe it will be possible to have these six rounds fire across two 
separate fire missions within this timeframe. Across the 24-gun group, with two guns firing on 
each fire mission, and the firing pair handing over at two-minute intervals, the group could 
prosecute four separate fire missions delivering eight rounds per minute to each, and sustaining 
this rate of fire – assuming a magazine capacity of 40 rounds per gun – for 30 minutes. If the 
battery is reduced to three sustained fire missions then six guns can replenish their magazines 
so that the rate of fire can be sustained as long as ammunition continues to be moved forward, 
as per the existing carousel system for resupply. The elegance of this system is that for an 
enemy artillery commander, they would only observe two isolated firing positions at any given 
time, which would change frequently. Beyond the fact that the time into and out of action 
is shorter than the current Russian counterbattery capability of approximately 4–6 minutes,94 
even if the Russian commander isolated a gun, with an average of one gun per grid square, the 
volume of fire necessary to attrit the gun group would rapidly exhaust Russian ammunition. 
This is because Russian commanders assign guns based on the number of rounds necessary 
to saturate a hectare, rather than against targets.95 Unable to suppress the incoming fire, the 
Russian commander would struggle to prevent a continuous and serious threat of heavy fire 
being delivered against their manoeuvre formations.

Using base bleed, a 155-mm 52-calibre howitzer can achieve ranges of 40km. Between 6km 
and 32km, the gun is able to deliver multiple round simultaneous impact (MRSI) salvos. If such 
a regiment were deployed 12km behind the contested zone, its rearmost gun would be able 
to deliver effects 24km into the contested zone, while the regiment could deliver MRSI 16km 
into the contested zone, thereby remaining able to deliver – given a six-round salvo per gun – 
between 144 simultaneously impacting and 3 salvos of 48 155-mm shells to any point within the 
operating area of an opposing MRB.

93. Author interview, Elbit Systems, Yoqnaem, 30 July 2019.
94. Author interviews with Ukrainian officers, June 2019.
95. Grau, The Russian Way of War, p. 52.
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Figure 3: Dispersed Gun Group
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Much of this system is not new. The underlying concept of dispersing fires but concentrating 
effects and rotating guns through resupply, manoeuvre and firing is well established in artillery 
doctrine. However, armies that routinely employ large-scale fires, such as Israel and Russia, have 
tended to concentrate their batteries. When Britain deployed a divisional fires group in 1991, 
it similarly grouped batteries. Dispersed operations require a significant amount of calculation 
and coordination. Although it was achieved during the First World War, this was managed with 
weeks of preparation and detailed timesheets to emplaced guns. Modern fires control systems 
have sped up producing fire solutions, but synchronising operational fires plans is still slow and 
laborious. The impact of increasingly effective computing systems, capable of rapidly fusing 
disparate data is that it makes possible the centralised coordination of multiple dispersed guns 
without intermediate management. On the battlefield such technology enables small packets 
of guns to concentrate high volumes of fire within a very rapid timeframe, increasing the tempo 
of engagements. Victory in high-intensity warfare under these conditions is therefore liable to 
be determined by the side most able to rapidly bring fires to bear, which means that forces will 
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either need to avoid being observed, disperse to avoid presenting a viable target, or deploy 
effective and layered countermeasures.

Layered Defensive Measures
The appearance of cannons on the medieval battlefield transformed defensive operations. Field 
and fixed defences went from high vertical walls to thick and squat bastions packed with earth, 
and screened by angled glacis to redirect incoming fire.96 Following the invention of explosive 
projectiles, the necessity of digging cover saw warfare adopt forms that would be altogether 
familiar today. The essential principles of field fortification have not fundamentally changed 
since the Siege of Vienna in 1683.97 And yet this is unlikely to remain the case. Thermobaric 
explosives, cluster munitions and precision munitions are turning trenches into killing zones. 
Meanwhile, technological advances are enabling ground forces to counter rocket, artillery and 
mortar rounds through a range of emerging soft- and hard-kill capabilities. These are liable to 
transform the employment of fires, because the effect achievable across the battlefield will be 
uneven, and dependent on the level of defensive measures present in the targeted area.

The development of high-fidelity search-and-track radar has reached the point that it can direct 
rotary cannon to accurately and consistently engage mortars and artillery rounds, causing them 
to detonate in flight. The two foremost NATO systems are the Ground-Based Phalanx Weapons 
System98 and Rheinmetall’s MANTIS,99 employed by the German air force. The capacity to hard-kill 
incoming artillery, providing area defence against indirect fires, is significant. The emplacement 
of such systems can provide a final and formidable layer of point defence for critical areas. 
However, these systems rapidly deplete their ammunition, can be saturated and are expensive. 
They are also easy to locate because of their radar emissions. Although the technology has been 
available for some time, therefore, few armies have adopted them. Furthermore, interest in 
refining this technology has declined in Western forces owing to the progress made in refining 
high-energy lasers (HELs). Russia, however, has demonstrated ongoing interest in the capability 
and claims to have successfully intercepted 27 rockets in two salvos fired at their air base in 
Hmeimim using Pantsir and TOR-M1 air defence systems.100

The offensive employment of lasers has captured the imagination of science-fiction writers 
since their invention, but it is their defensive properties that are now maturing to a point where 
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they have significant military utility. HELs in the 15Kw range are now fieldable101 and have been 
demonstrated to be able to engage incoming rocket, artillery and mortar munitions in flight, 
causing them to detonate.102 It is anticipated that HELs in the 40–45Kw range will soon be 
fieldable. The system does not run out of ammunition, and there is a minimal risk of collateral 
damage. However, since a laser must engage targets sequentially, HELs can be saturated. They 
are also ineffective in poor visibility conditions, such as snow, sandstorms, fog, mist or pollution.

Figure 4: Layered Defensive Measures
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A technique that will remain effective in a wider array of climatic conditions, and is less 
susceptible to saturation, is the employment of high-powered microwaves (HPM). In testing, 
these have been demonstrated to be able to cause large numbers of rockets, guided munitions 
and UAS to fall out of the sky.103 They can rapidly engage multiple targets. However, HPM 
devices consume much more power than HELs and are effective at much shorter ranges. This 
range limitation also reduces the likelihood of HPM systems engaging LRPF given the height and 
speed at which they travel. Meanwhile, Russia has claimed it has achieved similar effects using 
EW systems mounted on the 1L262 Rtut-BM,104 able to cause the fuses of artillery and rockets 

101. Northup Grumman, ‘Solid-State High-Energy Laser Systems’,  <https://www.northropgrumman.com/
Capabilities/SolidStateHighEnergyLaserSystems/Pages/default.aspx>, accessed 9 October 2019.
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to detonate in flight. These systems are mobile and have an area of effect large enough to cover 
critical tactical points, such as bridges, logistical hubs or starting positions.

The advance of ballistic-missile defence (BMD) capabilities, combined with the proliferation 
of relatively unsophisticated LRPF, has seen their employment in defence of a wide array of 
targets, most notably by Israel. The effectiveness of Israel’s Iron Dome system is difficult to pin 
down, and it must be noted that it has mostly been used to engage very crude munitions, but is 
widely seen as providing a high level of point defence.105 Systems such as Aegis,106 and David’s 
Sling,107 are also showing an increasing PK against short-range ballistic missiles in defence of 
critical assets. These interceptors are unlikely to be as effective against Russia’s Iskander – given 
that they do not fly on a ballistic trajectory – but the accuracy of BMD systems is improving, 
albeit at considerable expense.108

Interference with navigation and control systems via jamming of radio frequencies, or denial of 
access to navigation systems such as GPS are not new technologies. However, the proliferation 
of these capabilities, their miniaturisation, and the ability to project jamming across a large 
area have made EW a critical means of both attacking enemy systems, and defending one’s own 
forces.109 It is not viable to sustain the denial of communications over a wide area, and across 
a wide band of frequencies, because of the power needed to generate the effect. The result 
is that jamming can be applied to specific bands of frequency for a limited duration. Effective 
employment of defensive jamming therefore largely depends on identifying the dependencies 
of the munitions being deployed. Bypassing jammers is enabled by changing the mode of attack 
frequently. A good example of this has been strikes on the Russian air base in Syria by UAVs, 
which were initially very successful, but have since proved ineffective owing to Russian jamming 
and short-range air defence (SHORAD).110 GPS dependent munitions – as one of the cheapest 
and most ubiquitous sources of precision – are particularly easy to jam.

It should be noted that as munitions are increasingly dependent on sophisticated sensors to 
locate their targets, so too do they become potential victims of decoys. These capabilities are 
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old,111 and are not restricted to highly developed forces – both sides employed decoys in the 
Gulf War112 – but the past three decades have seen the neglect of deception. The ability to 
absorb precision strikes by setting up dummy systems has the potential to significantly increase 
the volume of munitions needed to destroy a set of targets. Decoys, however, are large, heavy, 
and generally take time to assemble, so while they may be used to protect HVTs, they are less 
likely to provide protection to manoeuvring tactical platforms. The one exception is against EW 
directed fires, as it is now possible for very small emitters to imitate the signature of battlegroup 
headquarters and other HVTs.

Each of these defensive techniques is imperfect and capable of disrupting a narrow range of 
threat vectors for a limited duration and over a limited area. Defence companies tend to market 
vehicle-mounted HPM and HEL units as dispersed defensive units, able to provide an umbrella 
of protection for manoeuvre elements. This is likely to be misleading. The platforms themselves 
have a large electronic signature, are delicate, vulnerable to direct fire and very expensive, so 
that fielding large numbers of them is not likely to be feasible. Concentrating these capabilities 
in a layered defence, however, is likely to be able to provide nodes of protection from enemy 
fires, which would require an unacceptable expenditure of precision munitions to overcome 
without bringing the defences under direct fire.

The Continuing Utility of Conventional Munitions
The cost of a guided multiple-launch rocket system munition is approximately $107,000.113 An 
Excalibur precision 155-mm round costs approximately $70,000.114 The cost of less precise, but 
nevertheless guided 155-mm ammunition can be brought down to around $10,000 per round.115 
A LRPF missile costs between $700,000 and $900,000.116 By contrast, a high explosive 155-mm 
round can cost between $400 and $2,000. One could potentially purchase as many as 2,000 HE 
rounds for each LRPF. This is overly simplistic.117 But it is undeniably the case that conventional 
munitions are orders of magnitude cheaper to produce.

111. Most famously used by the Allies ahead on D-Day, see Thaddeus Holt, The Deceivers: Allied 
Military Deception in the Second World War (New York, NY: Simon and Schuster, 2004).

112. Mike Guardia, The Fires of Babylon: Eagle Troop and the Battle of 73 Easting (Oxford: Casemate, 
2015), p. 110.

113. Adam Jobes et al., ‘Advanced Force HIMARS’, Marine Corps Gazette (Vol. 99, No. 3, 2015), p. 40.
114. Sydney Freedberg, ‘Excalibur Goes to Sea: Raytheon’s Smart Artillery Shoots Back’, Breaking 

Defense, 12 January 2016. It is worth noting that when it entered service, Excalibur cost more than 
$150,000.

115. Joe Gould, ‘US Army “Dumb” 155mm Rounds Get Smart’, Defense News, 13 March 2015.
116. Sydney Freedberg, ‘Marines Seek Anti-Ship HIMARS: High Cost, Hard Mission’, Breaking Defense, 

14 November 2017.
117. System cost would need to include the costs of storage and transport. Also, all the costs here are 

approximate, as militaries do not buy rounds on a per unit basis, but in orders, with the exact cost 
partially determined by its size, and the longevity of the contract.
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It is not simply a matter of having more munitions, but also the rate at which they can be 
produced. NATO forces have tended to expend their stocks of precision munitions in the 
early stages of even low intensity conflict.118 The supply of precision munitions from the US is 
calibrated to consumption, but even the campaign against Daesh saw stocks running low.119 It is 
difficult to significantly increase the production of precision munitions not only because of their 
cost, but also due to the complexity of the devices and therefore the length of time it takes to 
produce each munition. 

Two conclusions stem from this. First, precision munitions must be used for HVTs, which 
demands the retention of conventional artillery capabilities. Second, if it is accepted that 
precision munitions increase the speed of engagement and the PK, the side that employs them 
is likely to win tactical exchanges. Given the understandable desire to win early encounters, 
expenditure of precision munitions is likely to be high in the opening stages of a conflict, and 
potentially decisive, but become constrained as stockpiles are run down. If conflicts go beyond 
the expected timeframe – and historical precedent would suggest that they do – the side with 
the advantage may shift from the one best able to deploy precision munitions to the one 
able to regenerate and sustain conventional fires. The technological developments outlined 
in this chapter do not therefore supersede the need for a credible tube artillery compliment 
supporting ground forces.

It must also be noted that not all conventional munitions are created equal. HE has a limited 
effect, especially against dug-in infantry, because it produces a single blast from which shrapnel 
is dispersed. The dispersion pattern necessarily becomes less dense further away from the 
explosion. The result is a large area within the radius of effect where the probability of killing an 
adversary is unfavourable. This is exacerbated by terrain, and consequently saturation missions 
using HE rounds consume a large quantity of ammunition. One way of improving the probability 
of hitting a target within a given area is to use an area effect munition such as a cluster 
munition.120 By dispersing multiple sub-munitions within a defined area, a cluster munition 
increases the probability of hitting targets within its area of effect, thereby making the result of 
the salvo more predictable, reducing the number of rounds that must be fired. The capacity to 
effectively target areas also partially compensates for a lack of precision. For this reason, Russia, 
which has struggled to develop precision munitions and integrate them with many of its legacy 
platforms, makes extensive use of cluster munitions. This means that Russian artillery not only 
comprises more tubes than the UK, but that those tubes need to fire fewer rounds to achieve 
comparable effects unless Britain employed highly costly guided munitions.

118. Karen DeYoung and Greg Jaffe, ‘NATO Runs Short on Some Munitions in Libya’, Washington Post, 
15 April 2011.

119. Tom Vanden Brook, ‘Air Force Burning Through Bomb Stockpiles Striking ISIL’, USA Today,  
3 December 2015. 

120. A US M864 Dual Purpose Improved Conventional Munition (DPICM), for example, dispenses 72  
sub-munitions each with an approximate antipersonnel blast radius of 4m. This produces a high 
area of lethal effect.
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Owing to the likelihood of a proportion of bomblets failing to detonate121 – especially when 
used without appropriate training122 – seeding the ground with unexploded ordinance, 
several countries, including the UK, have agreed not to employ cluster munitions.123 The Oslo 
Convention on Cluster Munitions prohibiting the use of cluster munitions was negotiated in 
reaction to Israel using them in Lebanon in 2006 at a time when few anticipated renewed  
great-power competition. Neither Russia nor the US signed this treaty. This has led to a distortion 
in the perception of the UK’s warfighting capabilities. In repeated war games and exercises over 
several years, the UK division – fighting as part of an American corps – has called for support from 
US corps-level fires to break up enemy force concentrations. The US has invariably delivered this 
effect via cluster munitions.124 Much of the evidence base for the effectiveness of UK warfighting 
capabilities has therefore been generated in a context where Britain wins tactical fights against 
enemy forces dispersed and dislocated by US cluster munition strikes. As then Brigadier John Mead 
(now Major General COS ARRC) pointed out following the Joint Warfighting Experiment 2019, ‘US 
Corps fires using DPICM [Dual-Purpose Improved Conventional Munitions] saved the day time 
and again on JFX – they were, and are, a game changer’.125 It is important to recognise that in any 
Eastern European contingency the availability of large numbers of American cluster munitions 
cannot be guaranteed. The US Army currently projects 140 days to build up forces in Europe.126 
Despite an ambition to bring this down to 21 days by 2028,127 in the early stages of a conflict 
European forces must expect to fight without significant US mass. A RAND study in 2018 concluded 
that across all of NATO the entire artillery compliment available in a Baltic scenario would be 32  
self-propelled howitzers, versus 342 Russian guns, backed by 270 MLRS.128 What can be counted 
upon, both in the early stages, and throughout any high intensity conflict with Russia, is that 

121. M864 has a 2–4% failure rate. The US is aiming for its replacement to have a less than 1% failure 
rate, see Andrew Feickert and Paul Kerr, ‘Cluster Munitions: Background and Issues for Congress’, 
Congressional Research Service, 22 February 2019, p. 7.

122. As demonstrated by the Saudi Air Force in Yemen where failure to properly launch BL-755 bombs 
led to many sub-munitions remaining on the carrier, or spilling without detonation, as visible in 
pictures from Hajjah, see Ben Farmer, ‘Saudis Confirm Use of British Cluster Bombs in Yemen’,  
The Telegraph, 19 December 2016.

123. Convention on Cluster Munitions, Oslo, 30 May 2008, <www.clusterconvention.org>, accessed  
7 October 2019.

124. Restrictions on US combatant commanders employing cluster munitions have now been lifted, 
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Papers (September 2019), p. 2.
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RAND, 2018), p. 9.
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it will employ cluster munitions and other area-effect weapons such as high-lethality, cover-
agnostic thermobaric rockets against British troops. The conclusion must be that in any future 
high-intensity warfighting context land forces will need sufficient stockpiles of conventional 
munitions, irrespective of their precision arsenals. Without them, they will be forced to disperse 
and defeated in detail.
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III. Fires Shaping the Future 
Battlefield

THE WESTERN FRONT of the First World War was decisively shaped by artillery, which, 
given the lack of protected mobility until the second half of the war, drove infantry into 
defensive field fortifications, the depth of which was determined by the penetration 

capabilities of shells. This led to sustained positional warfare between continuous FLOT/Forward 
Lines of Enemy Troops separated by a narrow mutually denied killing zone.129 The development 
of armoured warfare and the resurrection of ground manoeuvre reduced the clear demarcation 
of the FLOT, saving some peculiar exceptions such as the final year of the Korean War.130 
Despite J F C Fuller and other military theorists’ belief that fires could be bypassed, however, 
the Germans found in the Second World War that artillery still dominated the battlefield, and 
to a large extent determined what was a viable front.131 The model of a continuous manned 
front line, with reserves and CSS fanning out behind the FLOT, has persisted. The key objective 
of tactical commanders – most precisely articulated in AirLand Battle132 – has been to penetrate 
the FLOT to strike the reserves and enablers in the deep, thereby fixing and dislocating enemy 
combat units to allow their defeat in detail. Fires were central to AirLand Battle both as a means 
to reach into the enemy deep and as a critical target in dislocating enemy echelons.

There has been some recognition that this model is increasingly in need of adaptation. As 
articulated in the US Army’s new operating concept, Multi-Domain Operations, the distinction 
between the close and deep has collapsed owing to the range of lethal and non-lethal standoff 
capabilities, which will see ascending echelons simultaneously engaged in kinetic exchanges.133 
Multi-Domain Operations, however, does not go far enough. The first point is that the cost of 
equipping and training troops for modern warfare ensures that it is not possible to generate the 
force densities that characterised large-scale conflicts of the past. The notion of a continuous 
FLOT is not viable in most conflict scenarios for the simple reason that there are not the troops 
available to operate it. The second reason why a continuous FLOT is unlikely to be achievable 
is that with the widespread availability of precision strike and active-seeker munitions, 
survivability will likely make it increasingly vital to complicate identifying which grid squares 
are occupied, and which are not, so that some areas must be unoccupied. Nor is concentration 
in occupied areas highly desirable since the increasing fidelity and reach of sensors ensures 

129. John Keegan, The Face of Battle: A Study of Agincourt, Waterloo and the Somme (London: Random 
House, 2004), pp. 204–37. 

130. Max Hastings, The Korean War (New York, NY: Simon and Schuster, 1987), p. 270.
131. Fred Vigman, ‘The Theoretical Evolution of Artillery after World War I’, Military Affairs (Vol. 16,  
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133. US Army, ‘The US Army in Multi-Domain Operations 2028’, TRADOC Pamphlet 525-3-1, 6 December 2018.



38 The Future of Fires

their detection, and therefore enables saturation fire missions against them. A third critical 
development is the progressive increase in the range of munitions, which must push many CSS 
elements further from the FLOT.

There has been some discussion of CSS being rendered more ‘agile’ and dispersed.134 While 
this may be possible for some stages of resupply, large depots are an inevitable by-product of 
any large-scale confrontation. Terrain will also likely constrain the number of axes on which 
resources can be moved, further concentrating CSS. That CSS hubs will be unable to disperse 
means that they must be defended from LRPF. It is possible therefore that airfields, depots 
and assembly areas will form defended nodes, with layered C-RAM spanning HELs, HPM, 
jamming, ground-based air defence (GBAD), EW, deception, and in critical areas, BMD, to create 
a protected bubble within which forces can resupply and concentrate. Such a node would also 
provide an area from which LRPF could be launched without risking these assets to enemy 
counterbattery fires.

Beyond the reach of these layered defences, three zones can be envisaged:

• The Zone of Advantage, in which one side’s fires outweigh those deliverable by adversary 
forces, enabling friendly troops to achieve a greater level of force concentration.

• The Contested Zone, in which both sides are able to deliver effective fires and must 
fight dispersed.

• The Zone of Vulnerability, in which the adversary can bring down a greater volume of more 
accurate, responsive firepower, and therefore can achieve greater force concentrations.

Beyond this would be the enemy protected node. The distance between nodes would be 
determined by three key factors: the local road infrastructure, and where this leads to 
unavoidable concentrations of CSS assets and infrastructure that must be defended; available 
sources of power, able to run a wide range of electrical countermeasure systems; and the 
maximum range of cheap area-effect rocket artillery. Given that most defensive systems are 
vulnerable to saturation and are relatively delicate, nodes will struggle to advance to within the 
range at which the enemy could launch a high volume of area-effect munitions. At the same 
time, conventional fires are restricted by rapidly decreasing accuracy at range, so that it will be 
difficult for them to come into range of a protected node without leaving their own protection, 
and so becoming vulnerable to enemy precision munitions.

134. Not least as a critical enabler of formations such as the UK’s proposed Strike Brigades, see Jack Watling 
and Justin Bronk, ‘Strike: From Concept to Force’, RUSI Occasional Papers (June 2019), pp. 27–31.
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Figure 5: Zones in Positional Warfare
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Outside the protected nodes, manoeuvre elements may operate in battlegroups within the zone 
of advantage, and in reinforced company groups within and beyond the contested zone. Rather 
than a FLOT, the forces would anticipate mutual penetration with units operating with exposed 
flanks, and numerous highly lethal contacts in which the side best able to concentrate firepower, 
or else manoeuvre to overmatch fixed enemy units, will achieve victory. In Ukraine, mutual 
operational penetration was achieved up to 200km,135 while in Iraq this dynamic tended to take 
place to a depth of approximately 50km.136 The exact distances will be dependent on theatre 
and terrain. However, the need to move significant distances into and out of the contested zone, 
while being under threat from artillery, makes protected mobility for infantry a vital capability. 

The object of manoeuvre in this form of warfare would be to penetrate the enemy zone of 
advantage sufficiently to threaten the enemy-protected node either with direct fire or sufficient 
indirect fire to overwhelm its defences. Given the physical vulnerability of many of the defensive 

135. Author’s calculations.
136. Author’s calculations.
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systems to direct fire, effective penetration of the enemy may prompt the adversary to withdraw 
their defensive assets, even if penetration is achieved by relatively small units.

It is worth highlighting that this vision of the future battlefield is echoed in emerging operating 
concepts in both NATO and Russia. The US’s Multi-Domain Operations views the battlefield as 
being dominated by layered standoff fires, which dislocate advancing forces. To break down 
those standoff capabilities and enable localised overmatch, the US Army aims to penetrate 
enemy A2/AD bubbles, before disintegrating enemy forces and exploiting the lifting of standoff 
to advance.137 Arguably, the tactical fights that ensue are to some extent the realisation of 
predictions made by Soviet military theorists in the 1980s.138 These envisaged a ‘fragmented 
battlefield’, in which tactical manoeuvre formations would penetrate through the enemy, 
fighting with exposed flanks, and prioritising firepower to achieve decisive victories in 
successive meeting engagements.139 Indeed, the increasing proliferation of high-fidelity sensors, 
combined with the capacity to rapidly fuse their data, and thereby bring accurate fires to bear, 
is the realisation on land of what Soviet theorists such as Marshal Nikolai Ogarkov described 
as ‘reconnaissance strike complexes’.140 Although the Russian BTG reflects Russia’s manning 
difficulties in its large divisional formations, the resulting unit is nevertheless consistent with 
optimised forces for fighting in the contested space between defensive nodes. While the BTG 
has fallen out of favour, the concept of pushing enablers to support lower manoeuvre elements 
remains central to Russian brigades. Russian military planners recognise that the ability of 
NATO forces to coordinate movements in these contested spaces, bringing to bear precision 
fires and concentrating periodically to deliver decisive effects, threatens their superiority in 
direct firepower. As a result, Russia has made a considerable investment in EW capabilities to 
deny NATO communications. This has had the side effect of cementing control over fires at the 
operational level within Russian formations, because they have struggled to avoid fratricide 
with their jammers. Through the use of autonomous seekers and other emerging technologies, 
British forces may continue to be competitive in meeting encounters in the contested zone. 
However, it is worth reinforcing the need for maximising the lethality of company-sized units.

Given the greater levels of fires overmatch achievable as an adversary advances towards a 
defended node, Allied forces may conceive of the node as a magnet, which repels the adversary 
with greater force as it approaches and attracts CSS assets. The delicacy of the defensive 
architecture, however, renders the node itself highly vulnerable once breached. The breaching 
of a node and resultant collapse of the protective bubble, enabling the application of long-range 
fires, suggests that comparatively large geographical areas may rapidly shift from being safe to 
contested areas. Given the force densities possible within a contested zone, it seems reasonable 
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to assert that the vast majority of territory nominally under the protection of one side’s fires is 
not controlled ground, though it may be denied or mutually denied.

Alternatively, given the infrastructural convergence towards urban areas, local power supplies, 
and their highly defensible nature, protected nodes are liable to be placed in urban centres. 
Locating defensive nodes in urban centres would likely slow the collapse of these points and 
create a challenge for adversaries that must manoeuvre in small force packages to avoid attrition 
from enemy fires and yet, on reaching the node, operate in an urban space, which requires mass 
to clear and hold.141 The ability to quickly clear urban terrain reinforces the need to develop 
effective urban warfare capabilities. How this is to be achieved is beyond the scope of this 
paper, but it is interesting to consider how the future of fires suggests that the ability to operate 
effectively in the urban is not just driven by increasing urbanisation – as many theorists have 
suggested.142 This is perhaps due to the control of urban terrain that may, as a protective node for 
nesting fires, become a critical enabler to ground manoeuvre through surrounding rural areas.

The necessity of fighting dispersed produces an unavoidable need to communicate to coordinate 
manoeuvre. Combined with the growing tendency to automate components of systems, and the 
array of EW capabilities now deployed, the threat surface of modern military systems to cyber 
attack is expanding. This trend is likely to continue. Cyber fires fall outside the scope of this paper, 
but it should be noted that operations in cyberspace, against space-based communications or in 
the EMS, may disrupt the C2 of fires, or the defensive systems maintaining nodes, and thereby 
allow greater force concentrations, for a limited period, to enable a deep strike. Nevertheless, 
cyber and EMS activity will not replace the need for a substantial quantity of lethal fires. 
Information operations, cyber and EW magnify and enable lethal effects, but are not sufficient 
in and of themselves, and cannot be seen as a cheap alternative to firepower.143

There is a paradox at the heart of the future battlefield described above. On the one hand, tactical 
victory by dispersed units will be determined by their ability to manoeuvre for advantage, and 
by the agility and flexibility in navigating a fragmented and entangled battlespace. The tempo 
of manoeuvre can therefore be expected to increase. At the same time, at the operational 
level, the nature of defensive nodes tends towards a return to positional warfare, and sieges. 
It is important to note that this positional dynamic is more likely in limited conflict.144 In 
unrestricted conflict, nodes denote the forward line of control, with the space between friendly 
and hostile nodes comprising a contested zone, and operational objectives amounting to the 
penetration and flipping of hostile nodes. In limited aims warfare – which between the threat 
of nuclear escalation, the increasingly interdependent global economy, and the prohibitive cost 
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of sustained high end warfare is far more likely – opposing urban centres may in all likelihood 
comprise the ultimate objective of the campaign, and therefore be the strategic objective 
which must be seized.145 Thus, the concentration of national capability into this single space 
expands the amount of fires available, and leads to the return of highly positional warfare at the 
operational and strategic level.

145. Sidharth Kaushal and Jack Watling, ‘Requirements for the UK’s Amphibious Forces in the Future 
Operating Environment’, RUSI Occasional Papers (November 2019).



IV. Implications for British 
Forces

THERE ARE TWO fundamental challenges facing Britain’s fires capabilities. First, it is clear 
that there is a need to increase firepower. Second, this must be achieved within a highly 
constrained budget. The precise details of which systems balance against these priorities 

requires extensive experimentation and testing, beyond the scope of this paper. This chapter 
therefore seeks to outline the critical tradeoffs and choices that must be made in developing a 
sufficient fires capability to ensure the competitiveness and credibility of British ground forces. 
The chapter is divided into three sections: considering the minimum mass necessary to deliver 
sufficient firepower; exploring hard choices about how to deliver these effects; and outlining a 
potential approach to deliver necessary capabilities.

Retaining Necessary Mass
Whatever platforms are developed and procured, it is clear that the UK’s ground forces need 
to increase their deployable firepower if they are to maintain a credible warfighting capability. 
There is much discussion about how to offset a lack of mass.146 While increasing the range, 
lethality, speed and agility of systems may enable fewer platforms to deliver comparable 
effects, increasing the capability of systems reaches a point of diminishing returns, where the 
complexity and cost increases faster than the gains in lethality. Moreover, there is a point where 
a system has no redundancy, and therefore rapidly becomes unable to deliver the required 
effects once it begins to lose platforms to enemy action.147 A lack of mass can be compensated 
for, but ultimately there is a minimum requisite mass to conduct certain tasks.

In the context of a high-readiness brigade – deployable to support NATO in Eastern Europe within 
21 days – 24 155-mm guns appear to be the minimum viable number. This enables artillery to 
provide sustained fire support to three manoeuvre elements, while using the carrousel system 
to keep supplied, and routinely repositioning to avoid counterbattery fire. This assumes that the 
brigade support group is operating within the context of NATO divisional fires that will conduct 
counterbattery fires, and deploy corps fires. A Divisional Support Group, by contrast, would 
need a minimum of 72 guns to deliver a credible warfighting effect, depending on the balance of 
additional systems available to conduct some critical missions. A DSG also requires at minimum 
a regiment of MLRS launchers or a comparable capability.

146. Ashley Tellis et al., Measuring National Power in the Postindustrial Age (Santa Monica, CA: RAND, 
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Another critical point is the distinction between having these forces on the Order of Battle 
(ORBAT) and deploying them to the field. The minimum requirements outlined above are not 
vastly greater than the number of guns contained in Army 2020 Refine.148 However, for every 
eight AS90 howitzers, there are a further six command and support tracked vehicles in the 
battery, a tactical group of at least five vehicles and the necessary CSS to maintain the guns, 
repair them when they throw tracks, or recover them when damaged.149 An Armoured Infantry 
Brigade meanwhile includes 56 Challenger 2 MBTs, while the brigade also needs to move bridging 
equipment, its infantry fighting vehicles and CSS assets.150 The British Army has between 71 
and 92 HETs available. While fires capabilities would be prioritised in the order of deployment, 
and the British Army would use rail transport and shipping to enter theatre, the lack of  
self-deployable assets necessarily slows down the deployment of Britain’s warfighting 
formations, which must surrender time to the enemy in shaping the reality on the ground. 
Improving the speed of deployment, and reducing the sustainment burden of artillery systems, 
is therefore a worthy goal of any modernisation effort.

As long-range standoff makes it harder to enter theatre, the ability to move platforms long 
distances is becoming increasingly strategically and operationally important. Both in MLRS 
and guns, there is a clear need for them to be self-propelled. There is a trade-off between 
wheeled systems, which can self-deploy and have significant strategic mobility, versus tracked 
platforms, which retain much greater tactical mobility, especially in wet and uneven terrain. It is 
important to note that the differences between these platforms are declining. Rubber tracks are 
improving the range of tracked systems, while wheeled platforms are becoming more capable 
in off-road mobility. This has led the IDF – despite fighting in a small area – to conclude that the 
operational reach of wheeled artillery is disproportionately valuable to the tactical mobility of 
tracked guns.151 It must be noted that they face a much less significant counter-battery threat, 
and therefore can have less protection. Wheeled platforms, however, require fewer specialised 
CSS elements and can therefore move with a smaller logistical tail. As a result, they reduce 
the overall number of chassis needed to deliver an effect. In this way, they produce a closer 
correlation between the ORBAT and the deployable force. Which way the British Army goes 
must be determined by detailed experimentation, but in either case improving deployability, 
and reducing the sustainment burden must be a priority objective.

A further element of mass is that it is worth prioritising an increase in the range of guns, both 
to remain competitive with adversary systems, but also because growth in range enables a 
greater proportion of dispersed guns to be brought to bear on a single target, thereby reducing 
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the number of guns that must be committed to a given sector to break up enemy force 
concentrations.

A final, critical element of mass is munitions. NATO has routinely depleted its stocks of PGMs 
in operations against Libya, Daesh and other opponents. While the allocation of PGMs to  
sub-tactical targets would be inappropriate in a warfighting context, it remains probable that 
in any high-end conflict, PGMs would be rapidly depleted, not least because of their reduced 
PK against dynamic targets with defensive capabilities. In terms of sustaining a warfighting 
capability, there is a need to be able to produce large quantities of conventional munitions. 
However, to win the early exchanges, it is necessary to maintain sufficient stockpiles to defeat a 
peer-adversary’s foremost formations. One can have the finest artillery piece in the world, but 
it will be useless without ammunition. Thus, capability cannot be judged simply by the number 
of platforms, but also by the stockpiled munitions that are available for them. The minimum 
requisite numbers of platforms outlined at the beginning of this section were premised on 
British artillery having adequate stocks of anti-armour area-effect munitions, and stockpiles of 
conventional munitions.

Hard Choices
There are some hard choices for UK Defence as it considers the next Strategic Defence and 
Security Review. To remain competitive in high-end warfare, research must be prioritised into 
developing robust C2, which is able to fuse data from an increasing density of high-fidelity 
sensors, the refinement of active-seeker technology, improving the PK and speed into action 
of munitions, the range of systems, and defensive measures. However, maintaining sufficient 
sensor-fused munitions for a warfighting context is expensive. To put this into perspective, 
experimentation in the US and the UK has demonstrated that the density of anti-tank guided 
weapons for a mechanised brigade to credibly confront a Russian motor-rifle brigade is 108 
launchers, each requiring reloads.152 If this capability is baselined with Javelin, each launch 
module costs approximately $126,000, and requires at least three missiles per launcher, each 
costing $78,000. The cost of forming a warfighting anti-tank capability through Javelin alone 
is prohibitively expensive. The costs above do not factor in the training costs to have qualified 
operators. This demonstrates the need to match weapons to appropriate targets. A Javelin may 
be the appropriate piece of equipment to destroy an MBT, but a much cheaper ATGM may 
be perfectly adequate for knocking out armoured personnel carriers.153 The simple answer is 
that there is a need for a layered approach, with multiple delivery mechanisms suitable to a 
range of targets. Nevertheless, if the UK seeks to maintain only precision weapons for engaging 
adversaries, then this brings with it a significant price tag, for which there must be a budget.

On the other hand, if the UK is to rely on non-precision munitions to maintain a sufficient 
stockpile of ammunition at an affordable cost, then there is a problem. HE 155-mm artillery 

152. Martin, ‘Session Five: Fighting in Denied and Dangerous Environments’.
153. Such as Rafael’s, see Rafael, ‘Spike ATGM’, <https://www.rafael.co.il/worlds/land/spike-5th-gen-

precision-guided-tactical-missiles/>, accessed 2 October 2019.
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rounds are not competitive with Russian cluster munition rounds, either on a cost basis, or on 
the effects delivered.154 Because HE shells have far less effect, more need to be fired to saturate 
a given area. This means that either the number of guns must be substantially increased or 
fire for longer, which fixes the firing pieces, presenting a greater opportunity to adversary 
counterbattery fire. If Britain is to deploy a competitive warfighting capability, therefore, and 
is unwilling to invest in sufficient stockpiles of precision artillery rounds, then the question 
must be asked whether the UK’s commitments to the Oslo Convention are compatible with its 
National Security Strategy. It is important to note here that the reasons for opposing the use of 
cluster munitions centre on a desire to protect civilians from unexploded ordinance. Beyond the 
fact that the failure rate of DPICM can be improved significantly,155 it is important to recognise 
that the moral hazard of seeding the ground is rather moot in a conflict in which Russia and 
the US will use large quantities of cluster munitions. It is simply a question of whether the UK, 
as a country likely to be in the centre of that exchange, can protect its own forces. Moreover, 
the stockpiling of DPICM to support operations on NATO’s eastern border does not require 
those munitions to be used in low-intensity conflicts where there are concerns about civilian 
casualties. In short, given the stated objectives of the government, it must be decided whether 
the resource will be provided to maintain Britain’s commitments to Oslo, or whether remaining 
a signatory of the treaty should be reviewed.

Layers of Capability
Whether Britain stockpiles sufficient anti-armour area-effect munitions, or begins to acquire 
DPICM, does not change the fact that across the four core fires functions it is necessary to field 
layers of capability. At the same time, it is desirable to reduce the number of chassis types within 
a DSG. The following should not be taken as a blueprint for future fires, since the exact balance 
of capabilities is dependent on the types of munitions procured. However, it does demonstrate 
a credible divisional fires group, and is indicative of the range of capabilities necessary to be 
competitive on the modern battlefield.

The increasing range of fires ensures that more guns will be able to come to bear on force 
concentrations, driving dispersion. If it is accepted that British forces are liable to be dispersed 
into company groups, and that the lack of a continuous FLOT will see meeting engagements, 
on unpredictable axes, then it becomes clear that it is vital to maximise the firepower of these 
units on initial contact. The surest method of achieving this is to have a sensor screen of UAVs 
and recce elements, with a missile carrier at the centre of the manoeuvre element. This could 

154. Exact costings are exceedingly difficult to predict as Russian military expenditure is not publicly 
available, and NATO countries do not currently manufacture cluster munitions. Nor would 
comparative costings be a reliable method of comparison owing to a significant difference in 
purchasing power parity. See Michael Kofman, ‘Russian Defense Spending is Much Larger, and 
More Sustainable Than it Seems’, Defense News, 3 May 2019. Nevertheless, as a mechanical 
mechanism, cluster munitions are not comparable in cost to precision munitions.

155. Michael Codner and Elizabeth Quintana, ‘Beyond the Convention: The Cluster Munitions Debate’, 
RUSI Journal (Vol. 155, No. 5, 2010), pp. 56–62.
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comprise a Joint Light Tactical Vehicle (JLVT) or Jackal variant bearing Brimstone II or a variant of 
SPIKE. On detecting an enemy manoeuvre element, the PGMs would be fired. It is plausible that 
these initial salvos could rapidly disable enough vehicles in an opposing manoeuvre element to 
fix them through casualties and loss of mobility. Once fixed, conventional munitions can reliably 
engage that enemy force, as they become trapped in a defined area. This is illustrative of how a 
layered approach to fires capabilities can alleviate some of the cost of privileging PGMs; using 
PGMs to fix targets that can then be attrited by conventional munitions. 

The use of 155-mm howitzers to deliver follow-up strikes on fixed manoeuvre elements is 
challenging because if the battlefield is fragmented there is a risk that guns will be directly 
attacked. Howitzers will therefore need to remain further back, but unless they are firing guided 
munitions, this must increase the circular error probable (CEP) of their rounds. Furthermore, 
155-mm howitzers are better employed for higher-level tasks. Instead, the UK could look to 
either convert the L118 light gun into a self-propelled howitzer, or adopt a self-propelled  
120-mortar. It is difficult to have a 105-mm self-propelled howitzer that remains below the 
eight-tonne threshold to enable airlift,156 with a relevant complement of ammunition. As the 
105-mm would remain outranged by all Russian fires systems, an alternative would be to procure 
120-mm mortars mounted on Supacats, JLTV, or an equivalent light and mobile platform, with 
a recoil dampener and retractable foot. This would enable a greater weight of intimate fire 
support to travel with manoeuvre elements. Such mortars have lower CSS requirements, lighter 
and smaller ammunition, and deliver greater effect. Although their standard munitions have 
10-km range, compared with 15-km (above which there is a significantly increased CEP) with the 
L118, the ability to move with manoeuvre elements would bring the mortar closer to its target, 
and specialist ammunition can push its range out to 16km.157 In either case, making the system 
self-propelled would add mobility and protection, and could reduce the number of chassis types 
in a formation. Once an adversary manoeuvre element is fixed, a mortar troop could engage to 
suppress the dismounts, enabling friendly infantry to manoeuvre and defeat the enemy. 

In this type of exchange, the side able to complete its kill chain in the initial moments of 
contact is most likely to win the tactical exchange. British forces therefore need robust C2 
architecture, especially in the face of jamming and EW, to bring fires to bear in support of 
manoeuvre elements. There is also a need to overcome the tension between engaging quickly 
and preserving ammunition. This can be resolved by having command of fires assets grouped at 
the divisional fires group, but for control of tactical fires to be pushed forward.

Winning these frenetic kinetic exchanges is relevant only if both parties have sufficient fires 
capabilities to threaten larger troop concentrations. The result is a requirement for British units 
to deploy fires platforms able to deliver a high volume of fire across a defined area, or to engage 
a large number of targets within a given area. Moreover, the systems delivering this effect need 
to have the range to engage targets at sufficient reach to hold enemy force concentrations at 

156. RAF, ‘About the Chinook’, <https://www.raf.mod.uk/aircraft/chinook/>, accessed 13 October 2019.
157. Kaushal and Watling, ‘Requirements for the UK’s Amphibious Forces in the Future Operating 

Environment’.
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risk across the zone of contestation in which manoeuvre elements fight tactical exchanges. 
This is a task for which 155-mm howitzers, equipped with either anti-armour area-effect 
munitions or DPICM, are ideally suited. However, these guns would also be required to perform 
counterbattery and suppressive fire missions. Assuming a divisional fires group of 72 155-mm 
52-calibre howitzers, this would provide enough guns to conduct a range of missions while 
continuing to manoeuvre. While these systems could be tasked to engage force concentrations, 
however, this would require shifting fire from other missions. It would also likely require the 
use of anti-armour area-effect munitions or DPICM better reserved for counterbattery fires. 
Thus, retaining an MLRS battery in reserve, with sensor-fused sub-munitions in its rockets, 
would provide an initial high-impact capability against enemy force concentrations, to be 
supplemented by available fire from guns. 

Whether the effect is delivered by 155-mm howitzers or MLRS would likely depend on the 
density and overall size of the force being targeted. Whichever system is employed, the fires 
system must maintain the ability to detect force concentrations, define their axes of movement 
and the area occupied and thereby determine an area to engage the target. Where the tactical 
exchanges require rapid kill chains, with much of the control of fires pushed to the lowest level 
possible, the decision to apply fires against a concentration requires ISR across the zone of 
contestation, and is an operational decision to be held at the level of command able to bring to 
bear the greatest volume of fire.

There is a risk that an adversary could concentrate defensive capabilities against fires around a 
manoeuvre element, thereby creating a protected corridor enabling localised overmatch. The 
most effective method of preventing this is to have sufficient reach with fires capabilities to 
target adversary logistics and sustainment assets, thereby fixing limited defensive capabilities 
around these depots. Thus, there is a need for LRPF. This capability is also central to translating 
tactical victories by manoeuvre elements into operational advantage, since the penetration of 
protected nodes enables the application of LRPF against defended sustainment systems, and 
against air defences, opening the battlefield to aircraft. This is best delivered by MLRS using 
mobile missiles. Given that such munitions cost upwards of $800,000, they will necessarily be 
few in number. It is therefore vital to have ISR assets able to detect, and to have manoeuvre 
elements able to recognise and report, when both targets for LRPF strikes are located, and when 
the status of defensive systems renders these strikes most likely to succeed.

None of these functions are viable if the force lacks the ability to suppress enemy fires. Without 
the ability to threaten enemy artillery, British forces will take unacceptable casualties among 
manoeuvre formations. They will also need disproportionately more howitzers to deliver 
necessary effects in support of manoeuvre elements, given the tempo of manoeuvre that a small 
number of guns would need to maintain to avoid enemy fires. The point about a counterbattery 
capability is that there must be enough available fires to carry out this mission, they must have 
competitive range with adversary artillery, and they must have the ability to both detect enemy 
fires, and then engage them quickly and accurately.
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Finally, there is a need to fund defensive capabilities if Britain is to protect its sustainment 
capabilities from adversary long-range fires. By significantly increasing the volume of LRPF 
needed, even limited defensive capabilities can significantly increase the volume of fire 
necessary to saturate a target area.

In both offence and defence, it is increasingly necessary to take a layered approach. Defensive 
systems are often highly specialised at tackling particular threat vectors, meaning that – while 
mutually reinforcing – they are vulnerable when isolated. Similarly, in penetrating defensive 
systems, fires are increasingly required to combine several capabilities. Against active protection 
systems, for instance, it is now common to fire two munitions, one to jam, or pre-emptively set 
off protective measures, while the second follows up to strike. Alternatively, the use of UAVs in 
combination with precision strike weapons can confuse radar, and open up gaps in defences, 
as demonstrated by Israel in Syria,158 and Iran in recent strikes against Saudi Arabia, which 
combined UAVs and cruise missiles.159 The point is that a successful future fires capability will 
be determined partly by the capacity to use new rounds as they become available, and by how 
different capabilities are integrated. 

The components of the system outlined above, therefore, would see a divisional fires group 
comprise a force comparable to:

• One battery of anti-tank guided weapons per battlegroup.
• One battery of 120-mm mortars per battlegroup.
• 72 155-mm 52-calibre howitzers with anti-armour area-effect munitions or DPICM.
• A regiment of MLRS with a compliment of sensor-fused sub-munition dispensing 

rockets, and LRPF.

The critical component to all of these is agile and robust C2 architecture. There is a separate 
requirement for GBAD, SHORAD, EW and C-RAM capabilities that fall outside of the scope of this 
paper, but which comprise key elements of any suitable defensive capabilities.

158. Sebastian Roblin, ‘Israel Kamikaze Drones are Destroying Syria’s Air Defenses’, National Interest,  
16 January 2019.

159. BBC News, ‘Saudi Oil Attacks: Drones and Missiles Launched From Iran – US’, 17 September 2019.
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Conclusions

THIS PAPER HAS sought to outline four critical trends in the development of next-generation 
fires systems. These are:

• The increase in range of fires systems, potentially doubling the range of most 
precision munitions. 

• The maturation and proliferation of multi-sensor active-seeker munitions.
• The capacity to fuse disparate information to accelerate the targeting process and 

centralise control of fires.
• The development of layered defensive measures capable of creating protected 

nodes from fires.

Despite these technological advances, however, it is clear that conventional munitions have 
a critical role on the future battlefield owing to the cost and limited stockpiles of PGMs that 
forces can maintain.

These developments are likely to have three critical shaping effects on the future battlefield. 
First, the expanding number of sensors, the ability to aggregate and fuse their data rapidly, and 
the increase in range of systems with a high PK, enable the delivery of a high volume of fire onto 
manoeuvring force concentrations. This – combined with the limited size of modern militaries – 
will see a much smaller force density. The increasing range of systems also extends the distance 
at which CSS elements are held at risk. Reduced force density, and the need to provide empty 
space, ensures that the battlefield is likely to be fragmented, with fighting taking place within a 
zone of contestation, rather than between two opposing lines of control.

The second impact of the increased efficiency of kill chains, combined with active-seeker 
munitions, is that it rapidly increases the tempo of engagements. The side able to observe 
first, shoot first and move first is likely to survive. The other is likely to be fixed by casualties, 
suppressed by conventional fires, and defeated by manoeuvring adversaries. 

The third effect of the increased fidelity of sensors, and extended range of systems, is the 
threat to CSS, which must be protected by defensive systems rather than simply by distance 
and concealment. The consequences of concentrating CSS and fires systems around defended 
nodes are paradoxical; while at the tactical level fighting is likely to become increasingly fluid, 
fragmented and entangled, at the operational level it is liable to be highly positional.

The implications of this future battlefield for the UK’s ground forces are significant. If the UK is to 
impose the same restrictions on its adversaries as will be imposed on it, there is an unavoidable 
need to increase the number of guns in the force, and the proportion of those guns that can 
be deployed and sustained. With a minimum need for 72 155-mm 52-calibre howitzers as a 
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warfighting capability. There is also a need for a regiment of MLRS. In both cases the platforms 
need to have improved deployability, and lessen the burden of sustainment. At the tactical 
level there is a need for anti-tank guided missiles to be self-propelled. The Light Gun, which is 
outranged by all adversary artillery systems, difficult to protect on a fragmented battlefield and 
with a large logistical tail, should either be mounted on a vehicle, or if this cannot be achieved 
within weight restrictions imposed by airlift, replaced by self-propelled 120-mm mortars. For 
all of these platforms there is a need to retain sufficient stockpiles of ammunition to sustain 
operations. There is also a critical requirement to either maintain anti-armour area-effect 
munitions or to re-examine the UK’s commitment to the Oslo Convention and procure cluster 
munitions. If the UK is unwilling to invest in these capabilities, it should carefully assess the 
viability of its commitments outlined in the National Security Strategy and Strategic Defence 
and Security Review 2015.

The implications for wider UK ground forces of the fires capabilities outlined in this paper are no 
less significant. If weight of fire is to force dispersion, potentially into reinforced company groups, 
in a heavily jammed and cluttered environment, then it is necessary to maximise the organic 
enablers and lethality of small units. Winning frenetic kinetic exchanges will require UK forces 
to maximise their adaptability, initiative and mission command to win tactical fights. Mobility 
and situational awareness will be critical to survivability. It is also worth highlighting that as the 
distinction between the close and deep battle breaks down, combat service support personnel 
are far more likely to have to fight, and will need to be trained and organised accordingly. At 
the operational level, however, the return to positional warfare requires the rapid fusing of  
high-fidelity sensors to establish when assets can be employed to maximum effect. The objectives 
of operations, however, centring on defended nodes, are liable to be highly predictable.

There is a great deal of interest in militaries around the world in the introduction of autonomous 
systems to the battlefield. Britain is no exception, with the Army Warfighting Experiment 
Autonomous Warrior examining autonomous last-mile resupply,160 and the active development 
of platoon-autonomous platforms. In many ways, fires are a prime candidate for automation. 
Loading and laying guns can already be managed remotely, and experimentation with 
autonomously navigating and remotely firing missile carriers is making substantial progress. 
These developments have been excluded from consideration in this paper because while they 
may alter the distribution of personnel across a fires system, they tend to reinforce rather 
than challenge the trends already identified. It may be that as autonomous systems mature, 
they enable new and unexpected concepts of operation, but this cannot be predicted. Thus, it 
remains to be seen whether the introduction of autonomous platforms will alter the character 
of the battlefield described above.

The capabilities outlined in this paper are analysed in the context of a high-intensity conflict 
between NATO and Russia, in which the UK has promised to deliver a warfighting division. These 

160. Ministry of Defence, ‘The British Army Set to Redefine Warfare with Joint Autonomous Warrior’, 
20 June 2018, <https://www.gov.uk/government/news/british-army-set-to-redefine-warfare-with-
joint-autonomous-warrior>, accessed 9 October 2019.
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circumstances are unlikely to come about. However, the capabilities have much wider utility. 
Beyond the advantages of mobility, deployability and firepower that these capabilities would 
offer for UK power projection, they represent a credible deterrent. In this sense they not only 
make an actual war less likely, but in giving the UK plausible escalatory options they expand 
the scope within which Britain can credibly compete below the threshold of armed conflict. At 
present, there is a risk that the UK – unable to credibly fight – can be dominated lower down the 
escalation ladder by powers threatening escalation. As UK defence refocuses on the protection 
of, and engagement with, partners and the constraint of adversaries in competition, it is vital to 
recognise that a credible warfighting capability is no less essential in ensuring Britain’s reach, 
influence and utility to allies.
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