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NATIONAL SECURITY COUNCIL 
WASHINGTON, D.C. 20506 

5815 

INFORMATION August 11, 1986 
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MEMORANDUM FOR JOHN M. POINDEXTER 

DON MAHLEY~ FROM : 
NIJTED 

SUBJECT : Report on New T_~chnologies for NATO's Defens~ 

Attached at Tab Bis a report from the Office of Technology 
Assessment (OTA) on the role of new technologies in implementing 
the Follow-On Forces Attack (FOFA ) doctrine in NATO. The letter 
from John Gibbons of OTA forwarding the report to you is at 
Tab A, along with the two-page public release document and a one ­
page report summary. 

The report essentially says that FOFA can make good use of 
several new technologies (especially in communications, 
surveillance, and smart weaponry). It also cautions that we must 
procure sufficient quantity of the new technologies to make them 
effective against the scale of a Warsaw Pact attack. This report 
is an unclassified version of an earlier classified report. 

NSC staff does not believe the report warrants a personal reply 
to OTA, though you may be int erested in scanning the summary 
documents at Tab A at your leisure. 

/4 
Ron Sa~, Bo~ rd, and J ; ~ 't;5J?glass concur . 

Attachments 
Tab A 
Tab B 

Letter from John Gibbons 
OTA Report 
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August 1, 1986 

u 1 

I am pleased to enclose OTA's report Technologies for NATO's Follow- On 
Forces Attack Concept: A Special Report of OTA's Assessment on Improving 
NATO's Defense Response. 

JOHN H. GIBBONS 
DIRECTOR 

This is the first of two OTA reports on implementing NATO's new Follow-On 
Forces Attack (FOFA) concept. It is an unclassified version of a secret level 
report made available to the requesting Committees in February 1986. It 
reviews both the role of FOFA in NATO strategy and the major technological 
developments of interest, and suggests some guidelines to follow in making 
procurement decisions. 

In late 1984, NATO adopted Follow-On Forces Attack as one of the critica l 
warfighting missions for its conventional forces in Europe. The concept, 
which is still in the process of being defined in detail, calls for the use of 
airplanes and missiles to strike beyond the front lines in order to impede the 
ability of the Warsaw Pact to bring new forces forward to augment those 
already attacking NATO. Doing so would reduce the pressure on NATO's 
defenders, making them better able to withstand the assault. It is generally 
recognized that successfully implementing FOFA is linked to exploiting a 
number of technical advances in areas such as surv eillance, da t a h andling, and 
smart weaponry. The report explains the relevant adv ances in the se areas. 
There are, however, many· of them , and Congress and the Defense Department are 
faced with the difficult problem of picking and choosing among them in a 
coherent manner. The report suggests some rules to help in doing so. 

A second report, expected next winter, will analyze technical issues, 
assess selected approaches to implementing FOFA , and rev iew the attitudes o f 
our NATO allies on this subject. 

I hope you will find the report useful. 

J Gibbons 

Enclosures 



OTA REPORT BRIEF July 1986 

Technologies for NATO's Follow-On 
Forces Attack Concept-A Special Report 

NATO's new FOFA concept (Follow-On Forces At­
tack, or striking deep against enemy forces moving for­
ward to join the battle) is part of an effort to deal with 
the growing imbalance between NATO and Warsaw 
Pact conventional forces in Europe. It would comple­
ment ongoing programs to modernize U.S . strategic 
nuclear forces, NATO theater nuclear forces, and 
NATO's conventional front line forces. The Novem­
ber 1984 adoption of the FOFA concept by NATO, 
with strong U.S. support, raises the question of how 
the U.S. military should exploit emerging technology 
to implement.it, and poses the issue of relative priori­
ties of FOFA and other critical military objectives. 
OTA's special report, part of a more comprehensive 
effort at OT A, reviews both the operational concepts 
that underlie this initiative and the technical develop­
ments of interest , and then suggests some guidelines 
to follow in making procurement decisions. 

It is generally expected that if the nations of the War­
saw Pact were to attack Western Europe, their ground ·· 
forces, attacking in successive coordinated waves, i 

would seek to overwhelm NATO's defenses so rap­
idly that NATO would not have time to escalate to 
the use of theater nuclear weapons, as called for by 
NA TO' s strategy. NA TO' s Supreme Allied Commander 
Europe (SACEUR) has underscored this concern by 
warning that "if war broke out today, it would only 
be a matter of days before I would have to turn to our 
political authorities and request the initial release of 
nuclear weapons." .FOFA seeks to remedy this situa­
tion by impeding the ability of the Warsaw Pact to 
conduct an offensive . Delaying, disrupting, and de­
stroying these "follow-on forces" -particularly the 
army divisions with their large numbers of tanks and 
other armored vehicles-would take the pressure off 
NATO's defending ground forces making them better 
able to withstand the offensive, helping to offset the 
Warsaw Pact's advantages in men and tanks, and rais­
ing the nuclear threshold. 

Although NA TO now has a limited ability to at­
tack follow-on forces, realizing the full potential of the 
concept is usually linked to exploiting emerging tech­
nologies, particularly those that are approaching oper-

ational use and could appear in deployed systems over 
approximately the next decade. 

While the member nations have agreed to the gen­
eral FOFA concept, there is not yet agreement among 
them as to how to implement it, or how much empha­
sis to give it. Consequently, the Alliance as a whole 
and the United States in-particular are faced with sev­
eral important issues: 

• Congress will be involved in defining and fund­
ing the U.S . effort, including the allocation of 
funding among many developmental and produc­
tion systems. 

• In addition, Congress will face some serious for­
eign policy issues, including European concern 
over the "two-way street" for arms sales, and the 
implications of a concept that relies heavily on 
advanced technology in which the United States 
has a substantial lead. 

Developments of particular interest are those asso­
ciated with reconnaissance, surveillance, target acqui­
sition, data handling, weapon delivery and control, 
submunition homing, and destructive mechanisms . 
The underlying technologies that support many of 
these include: radar advances resulting in greatly im­
proved capabilities to find fixed and moving targets; 
improvements in data processors; small, inexpensive 
infrared and millimeter wave sensors that could be 
mounted in submunitions; and advanced mechanisms 
for penetrating armored vehicles and other hard 
targets. 

Congress and the services will have to choose among 
a large number of programs. The list of programs 
shown in table 1 (on back) , although not comprehen­
sive, is of particular interest. OT A has found that in 
choosing among these and others, the guidelines shown 
in table 2 (on back) are useful. 

Copies of the OT A special report, "Technologies for 
NATO's Follow-On Forces Attack Concept," are available 
from the U.S. Government Printing Office. The GPO stock 
nurrJber is 052-003-01045-3; the price is $2. 75. Copies of the 
report fo r congressional use are available by calling 4-9241. 

(over) 

The Office of Technology Assessment (OTA) is an analytical arm of the U.S. Congress whose basic function is 
to help legislators anticipate and plan for the positive and negative impacts of technological changes. 

Address: OTA, U.S. Congress, Washington, DC 20510. Phone: 202 / 224-9241. John H. Gibbons, Director. 
··• 



Table 1: Programs of Interest 

Reconnaissance, surveillance, target acquisition, data fusion : 
The ASARS II synthetic aperture radar system 
The PLSS emitter location system 
The Joint STARS moving .target radar and weapons control system 
The Joint Tactical Fusion program 
Various remotely piloted vehicle programs 

Weapon delivery systems: 
The multiple launch rocket system (MLRS) 
Development of procedures to strike deep with long range aircraft such 

as B-52 bombers 
The T ACMS missile 
The F-15E aircraft 
The LANTIRN navigation and targeting system 
The AGM-130 missile 

Submunitions and dispensers, particularly smart antiannor munitions such 
as Skeet, SADARM, and the TGW for MLRS. 

Table 2: Selection Guidelines 

• System procurements ought to be tied to clearly defined operational 
concepts for attacking follow-on forces. 

• Systems ought to be considered not individually, but as parts of com­
plete packages of systems to support operational concepts; failure to 
buy one or two could greatly reduce the value of investments in the 
others. 

• Component systems will have to be procured in sufficient quantities 
to be able to attack enough follow-on forces to make a difference. 

• Some systems will be "key systems," vital to one, and perhaps several, 
operational concepts. 

• Some redundancy may be desirable for reducing overall vulnerability 
to disruption, but is likely to increase costs. 

• Practice and training will be important for both commanders and 
operators. 
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A number of new technologies that could help NATO offset the Warsaw 

Pact's numerical advantage in men and tanks could be fielded within the next 

decade, according to a report prepared by the Congressional Office of 

Technology Assessment (OTA). But OTA cautions that to be most effective, such 

"emerging technologies" should be fielded as complete packages of systems to 

support a clearly defined objective, and not piecemeal. 

The report was released today by its requester, the House Committee on 

Foreign Affairs. It is designed to assist Congress in future Department of 

Defense authorization and appropriation debates on how best to support NATO's 

recent decisions to improve its conventional -- i.e. non-nuclear -- defense 

capabilities. 

Specifically, OTA reviewed technologies to support one of NATO's key 

conventional defense initiatives, Follow-On Forces Attack, or FOF A, which was 

adopted in November 1984. The aim of FOF A is to delay, disrupt, or destroy 

enemy forces while they are moving forward to join the battle. The concept 

addresses the particular threat posed by Warsaw Pact armies in Europe: 

successive waves of forces from Eastern Europe and the Soviet Union which 

would move rapidly forward in a carefully coordinated operation designed to 

overwhelm NATO's defenses. 

Although NATO does have an ability today to attack these follow-on 

forces, new technologies for locating these moving targets -- some of them 

deep within enemy territory -- and striking them effectively could lead to 

substantial improvements, according to OT A. The new technologies include 

airborne radar systems; data processing systems that can rapidly collate 

target information and relay it to combat units; small and ine xpensive sensors 

that automatically guide "smart submunitions" to their targets; and new 

warheads for destroying armored vehicles and other hardened targets. 



OTA pointed out that because attacking follow-on forces requires the 

successful execution of many steps, from initial detection of the target to 

the actual strike, complete packages of systems need to be built around a 

clearly defined military objective. Failure to buy one piece of a total 

package could substantially reduce the value of investments in the other 

pieces. For example, the effectiveness of new weapons could be seriously 

degraded if they were not coupled with new systems for detecting and 

pinpointing the targets. 

Most of the decisions for implementing FOF A have yet to be made, 

according to OT A. The NA TO member nations have not yet agreed on how much 

emphasis is to be given to FOF A or on what systems to buy. These decisions 

will be complicated by the fact that FOF A is only one part of NATO's overall 

conventional defense initiative and also by European concern over the economic 

and trade implications of a further shift toward high technology weapons. 

The OT A report is part of a larger study of FOF A by OT A that is to be 

completed early next year. The final report will examine the technical 

feasibility and effectiveness of alternative approaches to implementing FOF A, 

the military and political views of our NATO allies towards FOFA; and the 

likely Soviet responses to NATO's deployment of a FOF A capability. 

Copies of the Special Report, Technologies for NATO's Follow-On forces 

Attack Concept, are available at the U.S. Government Printing Office, 

Superintendent of Documents, Washington, D.C., 20402, phone (202) 783-3238. 

The GPO stock number is 052-003-0 l 045-3; the price is $2.7 5. Copies for 

congressional use may be obtained by calling the OTA publishing office at 

48996. 

Congressional Comment 

Senator Edward M. Kennedy (O-MA), Member, Committee on Armed Services; Member, 

OT A Congressional Board: 

"OT A's report on Technologies for NATO's FOF A concept will be an 

important study available to the Congress as it deliberates on the best means 

for improving NATO's conventional defense posture and raising the nuclear 

threshold in Europe." 
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Preface 

This report is an unclassified version of OTA's Special Report, Technologies for NATO's Follow­
on Forces Attack Concept. It contains primarily the executive summary of the classified report, as 
well as the chapter on delivery systems and munitions, with classified material removed. The detailed 
discussions of other areas-particularly surveillance systems and the threat-were omitted because 
little more than what appears in the summary could be said in an unclassified report. The classified 
Special Report from which this unclassified Special Report is derived may be requested by writing to: 

Congress of the United States 
Office of Technology Assessment 
International Security and Commerce Program 
(ATTN: Program Manager) 
Washington, DC 20510 

Also name the agency or office which can certify SECRET security clearance (please provide Social 
Security number) and U.S. citizenship to OTA. For congressional requests need-to-know must be cer­
tified by a Member of Congress. For other requests, need-to-know must be briefly explained. 
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On November 9, 1984, the North Atlantic 
Treaty Organization' s (NATO's) Defence Plan-

. ning Committee formally approved the Long 
Term Planning Guideline for Follow-On Forces 
Attack (FOFA) that had been developed on the 
initiative of NATO's Supreme Allied Commander 
Europe, General Bernard W. Rogers. Adoption 
of this mission- concept, a major objective of Gen­
eral Rogers, was strongly supported by the United 
States. This approval set in motion an 18-month 
review during which NATO is analyzing how to 
implement this new element of its strategy for de­
terring a Warsaw Pact attack. This process has 
included, among other steps, the inclusion of 
follow-on forces attack in the NATO M ilitary 
Committee's May 1985 Conceptual Military Frame­
work for NATO Defence Long-Term Planning. 
NATO's ultimate decision will depend heavily on 
views that the United States and the other mem­
bers of the alliance are now formulating. 

Although FOFA does not represent a change 
in NATO's overall defensive strategy of "Flexi­
ble Response"-which will continue to rely on 
a balanced "triad" of conventional , theater nu­
clear, and strategic nuclear forces to deter a War­
saw Pact attack-it is one key element in NATO's 
effort to improve its conventional forces through 
the application of new technology. (NATO has 
already taken steps to strengthen the other legs 
of the triad, for example by deploying the nu­
clear-armed Pershing II and ground-launched 
cruise missiles in Europe, and modernizing U.S. 
strategic nuclear forces.) 

The need to strengthen NA TO' s conventional 
leg is underscored by General Rogers's warning 
that: 

. . . if war broke out today, it would only be a 
matter of days before I would have to turn to our 
political authorities and request the initial release 
of nuclear weapons.1 

The objective of FOFA-and of other efforts to 
improve NATO's conventional capability-is to 

'General Bernard W. Rogers, " Follow-On Forces Attack: Myths 
and Realities," NATO Review, No. 6, December 1984, pp. 1-9. 
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restore the flexibility to Flexible Response hy as­
suring that NATO will be able to make a meas­
ured response to an attack by the numerically su­
perior Warsaw Pact conventional forces, and in 
particular that it will retain control of the deci­
sion to escalate to nuclear weapons-that it will 
not be forced into an early all or nothing decision. 

At the heart of the follow-on forces attack con­
cept is the assumption that NATO's conventional 
forward defenses will be able to withstand an ini­
tial attack by Warsaw Pact armies in the critical 
Central Region-where the Federal Republic of 
Germany is bordered by East Germany and 
Czechoslovakia and where the mass of Warsaw 
Pact ground forces are concentrated-but that 
they are likely to be overwhelmed by a rapid suc­
cession of reinforcing echelons (the "follow-on 
forces" ) arriving at the battle area to exploit weak­
nesses created by the initial attack. General 
Rogers explains that the goal of follow-on forces 
attack is to " reduce to manageable proportions 
the number of Warsaw Pact forces arriving at our 
General Defensive Position" by attacking-with 
conventional weapons- " those enemy forces 
which stretch from just behind the troops in con­
tact to as far into the enemy's rear as our target 
acquisition and conventional weapons systems 
w ill permit." 2 

Preventing enemy reinforcements from reach­
ing the front is not, of course, an idea new to 
NATO's conventional defense plans. NATO's air 
forces have always had the mission of " interdic­
tion" -striking targets behind enemy lines, in­
cluding follow-on forces-and even army artillery 
has had the capability to fire beyond the close­
in battle. But what NATO has lacked until re­
cently is the technology (or the right combina­
tions of technologies) to find mobile targets at a 
distance and to hit them effectively.3 As a result, 

'Ibid . 
3As the Air Force learned in World War II, Korea, and Vietnam, 

interdiction campaigns making use only of " traditional" means to 
locate and attack targets (reconnaissance flights and free-fa ll bombs) 
have had only limited success at best. See for example Edmund 
Dews and Felix Kozaczka, " Air Interdiction : Lessons From Past Cam­
paigns," RAND paper N-1743-PA&E, September 1981. 
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aircraft and other weapons systems have tended 
to be assigned to other missions that are likely 
to have a higher payoff. 

Rece11l developments in sensors and weapons 
systems (loosely referred to as "smart weapons," 
or more generally "emerging technologies") have 

dovetailed with new thinking about how to ex­
ploit the vulnerabilities in Warsaw Pact ground 
forces operations-specifically, the rigid timing 
required to move up the follow-on forces and 
commit them to battle-to produce the follow­
on forces attack concept. 

ISSUES BEFORE NATO 

Having adopted this concei::;t, NATO now faces 
the question of making it work. In the process, 
NATO will have to come to grips with some dif­
ficult questions, such as: 

1. Which concepts for follow-on forces attack 
s.hould be pursued, and how should re­
sources be allocated among them? 

2. How much capability is needed? 
3. Are dedicated forces required, and if so, 

what? 
4. How are competing demands for procuring 

forces for follow-on forces attack, the close 
battle, and the air battle to be balanced? 

5. What is to be bought? Who will produce it? 
Who will pay for it? 

6. Will the NATO command structure and its 
operating procedures have to be modified? 

7. Will attacking follow-on forces require 
changes in national intelligence policies and 
procedures? 

8. What are the implications of possible War­
saw Pact responses to FOFA? 

ISSUES BEFORE CONGRESS 
Congress will be concerned with defining and 

funding the U.S. effort, including forces that 
would be assigned to NATO in wartime and the 
U.S. share of NATO infrastructure funding. How­
ever, FOFA is an alliance effort and the views and 
actions of our Allies will have to be taken into 
account. 

Both the Army and the Air Force will be de­
veloping and procuring systems to locate targets 
and direct weapons against those targets, as well 
as the munitions and the means to deliver them . 
Congress will likely be faced with decisions on 
which of the many programs with potential ap­
plications to FOFA should be funded, and in par­
ticular whether actual procurement should pro­
ceed with technology now in hand or be deferred 
until further progress is made. 

Several major considerations will complicate 
these decisions. First, follow-on forces attack 
cannot be viewed in isolation; rather, its value 
can only be judged in the context of NA TO' s 
overall ability to maintain deterrence and, if 

deterrence fails, to carry out a successful de­
fense. Other missions-most obviously forward 
defense against a Warsaw Pact attack- will al­
ways play a key role in NATO's conventional de­
fense planning. 4 Thus the value of having new 
capabilities to attack follow-on forces must be 
weighed against the value of spending that same 
money on NATO's other missions. Some of these 
missions, such as achieving air superiority (includ­
ing suppression of enemy air defenses), may af­
fect NATO's ability to attack follow-on forces. 

Second, the implementation of the follow-on 
forces attack concept requires the procurement 
and integration of a number of systems. Con­
gress is not faced with the relatively simple deci-

4The NATO Military Committee's Conceptual Military Framework 
for NATO Defence Long-Term Planning " ... defines the critical 
warfighting mission components for alliance forces in the years 
ahead, including preventing a breakthrough by lead echelons of 
an attacking force, attacking follow-on forces, establishing and main­
taining control of the sea and air, projecting maritime power and 
protecting allied shipping and safeguarding rear areas." Ambassador 
David Abshire, " NATO on the Move," The Alliance Papers No. 
6, September 1985. 

sion of whether a particular system will contrib­
ute to national security, or even with the decision 
of which to fund among several competitors for 
a particular job. Congress is faced with the com­
plex problem of reviewing administration pro-

, grams for a consistent mix of systems that will pro­
vide a viable capability to attack follow-on forces. 

Third, those decisions cannot be made solely 
within the context of FOFA. Many of the systems 
will have other roles, both within Europe and else­
where, that will have to be taken into account. 

Fourth, although cost will be a very important 
factor, it is not yet possible to determine how 
much a credible and effective FOFA capability 
will cost. The costs of individual systems can 
be estimated with reasonable confidence, but 
estimating the potential cost of FOFA will have 
to await a determination of which systems are 
needed, and how many of each will be required. 
A recent report by a private study group con­
cluded that" ... the costs of the new programs 
are modest in relation to the overall current 
NATO defense budgets." 5 If their cost estimates 

5Strengthening Conventional Deterrence in Europe (ESECS II) , The 
European Security Study Report of the Special Panel (Boulder, CO: 
Westview Press, 1985). 
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are largely correct, and new developments per­
form as advertised, financing FOFA might signif­
icantly enhance NATO's defensive capability 
when compared to other uses of the same funds. 
While these results raise intriguing possibilities, 
estimates of cost, effectiveness, and technical risk 
will require close scrutiny. Critics are very skep­
tical of such estimates, and believe that costs 
could be very high. 

Finally, decisions made by Congress will have 
to take into account how the U.S. implementa­
tion of FOFA will be received by the other mem­
bers of NATO. FOFA is unlikely to be success­
ful if it becomes a United States-only effort. The 
military approaches taken by each nation will 
have to be compatible; they will also have to be 
politically acceptable if the cohesion of the alli­
ance is not to suffer. Continuing European con­
cerns over the economic implications of defense 
programs and, more particularly, the need for a 
"two-way street" in arms sales between the 
United States and Europe, will be major issues. 

THE OTA STUDY 

As a result of congressional interest in the is­
sues that this NATO decision raises for the United 
States, the Office of Technology Assessment was 
asked in July 1985 to conduct a study of follow­
on forces attack. The initial findings of that study 
are presented in this special report. The study was 
requested by the House Foreign Affairs and 
Armed Services Committees, and has the inter­
est and support of the Senate Armed Services 
Committee. This report discusses what the follow­
on forces attack concept is and how it fits into 
NATO's strategy, and it introduces and explains 
advances in technology that may be important 
for implementing the concept. Subsequent re­
ports will expand this work in both breadth and 
in depth . 

In its assessment, OTA has been asked by the 
requesting committees to: 

1. survey the status of various deep interdic­
tion capabilities and programs, including a 
description of programs to develop and de­
ploy advanced conventional munitions; 

2. discuss the military and deterrence ration­
ale for having a deep interdiction capabil­
ity, and assess the strengths and weaknesses 
of various existing and proposed alternatives; 

3. review the attitudes of our NATO allies on 
these matters and review relevant Soviet 
doctrines and plans; and 

4. assess the likelihood that plausible combi­
nations of these alternatives wou Id meet U.S. 
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and NATO objectives; discuss a range of rea­
sonable policy options; discuss their pros, 
cons, and likely timing of availability. 

The first item is the subject of this special re­
port. A full assessment, covering all of these 
topics, will be delivered in February 1987. 

Both this document and the final report take 
the adoption of the follow-on forces attack con-

cept by NATO as a given; the purpose here is 
not to question the wisdom of that decision, but 
rather to explore options for implementing that 
decision and their implications. Jn addition, the 
use of chemical or nuclear weapons to attack So­
viet follow-on forces is specifically excluded from 
consideration. 

TOPICS FOR THIS SPECIAL REPORT 

This report provides an overview of the U.S. 
technological developments of interest for FOFA. 
While it does not rate or rank these develop­
ments, it does describe what they are and how 
they might contribute to implementing FOFA. It 
also provides background on the role of FOFA 
in NATO strategy, the threat it responds to, and 
operational concepts for FOFA. The appendix 
provides a more detailed discussion of delivery 
systems and munitions. 

Most of the details supporting this report­
especially discussions of the threat, operational 

concepts, and surveillance systems-are classi­
fied . Those readers holding the proper clearances 
are referred to OTA's much longer secret report. 

The discussion of Soviet doctrine presented in 
this report reflects the generally accepted NATO 
view on the subject. Other views-for example 
that the Soviets would plan to employ nuclear 
weapons from the very start of an offensive, or 
that Soviet conventional strategy is moving away 
from a strict echelonment of forces and toward 
greater operational flexibility-will be explored 
and analyzed in the final report. 

TOPICS FOR THE FINAL REPORT 

Analysis of the plausible options for implement­
ing follow-on forces attack will be deferred to the 
final report, as will discussion of several key is­
sues underlying that question: 

The advantages and disadvantages of different 
technical approaches is a complicated question 
whose answer depends not only on technical fea­
sibility (whether the technology will actually 
work) but also on the final system's reliability 
(whether it will continue to work under battle­
field conditions and in the face of countermeas­
ures), flexibility (whether it can be used against 
different targets or under different conditions 
from those it was designed for), effectiveness in 
achieving military goals in battle, and cost. 

How new technologies with distinctly new ca­
pabilities would be incorporated into the NATO 
military structure is a separate issue, likewise 

complex. An important question, for example, 
is whether it wou Id be necessary for all NA TO 
corps to acquire a capability for attacking follow­
on forces; another is the question of how their 
use would be coordinated between corps and be­
tween ground forces and air forces. 

A more thorough analysis of Soviet operations 
and likely Soviet responses to NATO's adoption 
of follow-on forces attack is necessary to reach 
a conclusion about plausible options for NATO. 
Where in the battlefield to concentrate follow­
on forces attack and against which targets is 
clearly a fundamental issue that depends in large 
measure on Soviet offensive strategy. And by an­
ticipating possible Soviet responses, it should be 
possible to identify the more robust options. 

Finally, the attitudes of the NA TO allies will de­
termine the political feasibility of options for im-

plementing follow-on forces attack. The European 
members of NATO have historically been uneasy 
about moves that appear to decouple the ultimate 
threat of nuclear escalation from the defense of 
Western Europe. Although General Rogers has 
been careful to frame follow-on forces attack in 
terms of "raising the nuclear threshold" and in­
creasing the credibility of NATO's ability to es­
calate to nuclear weapons-rather than replac­
ing the need for nuclear weapons-European 
concerns remain . Conversely, political sensitivi­
ties have always required NATO to foreswear a 
declaratory strategy that could be seen as "offen-
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sive"; for this reason NATO's military plans 
noticeably omit counterattacks that involve 
ground forces crossing into Warsaw Pact territory. 
Follow-on forces attack, by extending the reach 
of ground forces across borders, may well aggra­
vate these sensitivities. And on the economic 
front, the European nations, already sensitive 
about what they see as a "one-way street" in 
arms sales, are concerned about the implications 
of a military strategy that relies even more on the 
advanced technology in which the United States 
possesses a lead. 



Summary 

BASIC OBSERVATIONS 

The adoption of the Supreme Allied Commander 
Europe's (SACEUR's) follow-on forces attack (FOFA) 
concept is an effort to enhance deterrence by 
dealing with a potential vulnerability-the risk 
that even if the North Atlantic Treaty Organiza­
tion's (NA TO' s) forces cou Id largely withstand the 
initial attack by the Warsaw Pact's first echelon, 
Pact follow-on forces could overwhelm by sheer 
numbers, or could exploit tactical advantages to 
penetrate into NATO's rear. It does not reflect 
a downgrading of other missions such as fight­
ing the close battle. Although NATO has always 
sought a capability to delay, disrupt, or destroy 
such follow-on forces, the means to do so have 
been limited. NATO's adoption of the FOFA con­
cept reflects a recognition of new opportunities 
to carry out this mission-both through new tech­
nology and through the development of new pro­
cedures to take advantage of existing capabilities. 

Although NATO could attack follow-on forces 
using the systems currently in the inventory, 
realizing the full potential of the concept is usually 
linked to exploiting emerging technologies­
especially those associated with gathering the 
information required to attack the targets (recon­
naissance, surveillance, and data handling), and 
advanced weapons concepts. The technologies 
of primary interest are now relatively mature, 
and could result in fielded systems over approx­
imately the next decade. 

In considering how best to support the FOFA 
concept, there are several basic points which 
bear on many congressional decisions: 

• Procurement of systems ought to be tied to 
clearly defined operational concepts. It is 
important to understand how the job is to 
be done before buying the tools to do the 
job. However, concept development should 
be rooted in an understanding of what is 
technically feasible. 

• Systems ought to be considered not in-

dividually, but as complete packages to 
support specific operational concepts. The 
process of attacking follow-on forces is a 
complicated one, with many steps between 
initial detection of the target and successful 
attack. It requires a number of different sys­
tems to perform different functions compat­
ibly. Since failure to buy one or two could 
greatly reduce the value of investments in 
the others, it is important to treat them in 
groups. 

• Component systems will have to be pro­
cured in sufficient quantities. It is likely that 
large numbers of targets will have to be en­
gaged. If attacking follow-on forces is to aid 
NATO's defense, the capacity will have to 
exist to attack enough to make a difference. 
If having this capability is to aid deterrence, 
it shou Id be apparent to the Soviets that 
NATO has this capacity. 

• Some systems will be "key systems." Failure 
to procure them will greatly reduce the abil­
ity to implement the concept. 

• Some redundancy may be desirable. Com­
plicated systems that have to perform many 
consecutive functions are subject to disrup­
tion in many ways. Redundancy in some of 
those functions reduces the vulnerability. 

• Practice and training will be important. The 
process of attacking follow-on forces is like­
ly to be complex, as are many of the systems 
used to support it. Facilities to train com­
manders and operators will be of value. 

It is largely up to the Department of Defense 
(DOD) to provide Congress with lists of what sys­
tems the services require and how many of each 
are needed. This report provides a framework for 
understanding the plans that DOD submits to 
Congress. It reviews the place of FOFA in NATO 
strategy, outlines operational concepts, and 
reviews the developments of particular interest 
for attacking follow-on forces. 

7 
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BACKGROUND: NATO STRATEGY AND THE THREAT 
TO THE CENTRAL REGION 

NATO's Flexible Response strategy, adopted in 
1967, rests on conventional, theater nuclear, and 
strategic nuclear forces. It is a strategy for deter­
rence based on the idea that: 

The price of an attack on Western Europe must 
remain the possibility of triggering an incalcula­
ble chain of nuclear escalation.1 

NATO-which does not want a nuclear war any 
more than the Warsaw Pact does-would resist 
a conventional offensive with conventional 
forces, but would reserve the option for deliber­
ate escalation should its conventional defense be 
u nsucc;essfu I. NA TO' s conventional defense must 
"provide a reasonable prospect of frustrating a 
conventional attack." 2 

Soon after the founding of the Alliance in 1949, 
it became clear that for economic and political 
reasons NATO would not deploy the number of 
army divisions and combat aircraft that studies 
showed were required to meet the threat posed 
by Soviet forces in Central Europe. NATO's so­
lution to this shortfall in conventional forces was 
to introduce nuclear weapons. Nuclear weapons 
compensated for NATO's disadvantage in con­
ventional firepower, and reduced the burden of 
maintaining large conventional forces. Moreover, 
the threat of a nuclear strike against Warsaw Pact 
armies gave NATO two distinct strategic advan­
tages. It forced the Warsaw Pact armies to dis­
perse in order to reduce their vulnerability to a 
nuclear strike, which limited their ability to con­
duct an offensive strategy based on concentrat­
ing massive forces against a prepared defense. 
And by confronting the Soviets with the incalcu­
lable risk that a conventional attack could set off 
a chain of escalation leading to nuclear destruc­
tion of Soviet territory, it provided NATO a de­
terrent that relied less on the possibility of actu­
ally having to fight an intensely destructive modern 
war on NATO territory. 

'General Bernard Rogers, "Follow-On Forces Attack (FOFA) : 
Myths and Realities," NATO Review, December 1984, pp. 1-9. 

2Ibid. 

Soviet gains in nuclear weaponry led NATO in 
1967 to adopt a new strategy, Flexible Response, 
which remains in effect today. Flexible Response 
relies on a "triad" of conventional, theater nu­
clear, and strategic nuclear forces designed to 
maintain the credible 'possibility that a war could 
become nuclear and escalate to a strategic nu­
clear exchange; that credibility is supported by 
a conventional capability which is strong enough 
that NATO would not be forced into an early de­
cision to use nuclear weapons. 

Two important factors govern NATO strategic 
thinking. First, both nuclear and conventional ca­
pabilities are essential; neither one can substitute 
for the other. Second, as a defensive alliance, 
NATO is precluded from adopting an aggressive, 
offensive mi I itary strategy. 

These major strategic considerations, along 
with the threat and the realities imposed by geog­
raphy, shape the current situation in Europe. The 
major threat to NATO comes from the continen­
tal forces of the Warsaw Pact, concentrated in 
Central Europe along the eastern border of the 
Federal Republic of Germany (West Germany). 
In the Central Region, NA TO lacks "strategic 
depth," while facing an adversary with extreme 
strategic depth and the ability to use that depth 
to bring large land forces to bear in an offensive.3 

While the territory of the Warsaw Pact extends 
thousands of kilometers (km) back into the So­
viet Union, it is less than 500 km from the inter­
German border to the English channel. More­
over, the loss of substantial portions of West Ger­
many, a major NATO land power in this Central 
Region, would be extemely serious for NATO. 

The Warsaw Pact has adopted a "blitzkrieg" 
strategy that appears to be aimed at defeating 
NATO conventionally before NATO could decide 
to escalate to the use of nuclear weapons. 4 This 

3One important aspect of strategic depth, especially from the 
defender's perspective, is the ability to trade space for time, to fall 
back when attacked in order to organize a responsive defense and 
to counterattack. Great depth was exploited in this way by the Rus­
sians against the offensives of Napoleon and, much later, Hitler. 

•some analysts believe that a Soviet offensive could be nuclear 
from the outset. 

strategy depends on a ground offensive in which 
the initial attack is likely to be followed by suc­
ceeding waves, or echelons, of follow-on forces, 
all supported by air power. 

Echeloning forces in-depth attempts to over­
whelm a defense by bringing fresh forces against 
defenders exhausted by the preceding wave. So­
viet doctrine calls for a carefully timed and co­
ordinated attack, with each succeeding echelon 
committed at the time and place where it could 
be most effective in exploiting the success of its 
predecessor and extending the Warsaw Pact ad­
vance deeper into NATO territory. This permits 
the Soviets to assign individual units specific 
preplanned objectives and a schedule for achiev­
ing those objectives. It avoids moving massive 
amounts of men and equipment forward just 
prior to an offensive, thus avoiding giving NATO 
unambiguous warning of attack and overloading 
available roads. In the Central Region, where 
West Germany borders East Germany and Czech­
oslovakia, NATO would face a massive Warsaw 
Pact ground offensive that could involve over 100 
divisions. 

Depending on how they fit into the offensive 
plan, some follow-on forces would start from just 
behind the initial attack forces, others would be­
gin farther back in East Germany, Poland, and 
Czechoslovakia, and still others would begin in 
the U.S.S.R. Those farthest back would be trans­
ported by rail or by road . Closer in they would 
group into combat units and proceed under their 
own power toward the battle. 

NATO has a much smaller number of divisions5 

in place in the Central Region or able to deploy 
there rapidly; the only immediate prospects for 
reinforcement would be from three French divi­
sions in West Germany that might be assigned 
to NATO in wartime6 and from several U.S. di­
visions which could arrive by air. NATO's only 
other reinforcements-some 20 U.S. Army and 
National Guard divisions plus one Canadian 

'Although these numbers provide the basis for a rough force com­
parison, there are many detailed differences between a NATO di­
vision and a Warsaw Pact division; they are not strictly equivalent 
units. 

6France withdrew from the NATO military structure in 1966 and 
has not formally committed itself to providing troops for the com­
mon defense of NATO territory. 
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brigade-would arrive only much later, primar­
ily by sea, and in some cases only after mobili­
zation and training. 7 

Within the Central Region, eight army corps 
of five nations-West Germany, Belgium, The 
Netherlands, Great Britain, and the United States 
-are each assigned the responsibility of defend­
ing a specific sector along the border that divides 
West Germany from East Germany and Czech­
oslovakia. A Canadian brigade is also garrisoned 
in the Central Region. Each national corps (or 
other unit) has its own structure, equipment, and 
national doctrine; only in time of war are they 
assigned to a unified NATO command structure. 
The northern corps form the northern army group 
(NORTHAG) under the command of a British gen­
eral; those in southern Germany form the cen­
tral army group (CENT AG) under a U.S. general. 
Each army group is supported by a multinational 
Allied Tactical Air Force (2ATAF in NORTHAG, 
4ATAF in CENTAG); the commanders of 2ATAF 
(COM2A T AF) and 4A T AF (COM4A T AF) report to 
the Commander of Allied Air Forces Central Eur­
ope (COMAAFCE). COMAAFCE, in turn, reports 
to the Commander-in-Chief, Central Region 
(CINCENTI, a German general to whom the com­
manders of CENT AG and NORTHAG also report. 
Finally, the entire European theater-which in­
cludes the northern and southern regions as 
well-is under the command of SACEUR, a U.S. 
general. 

A major consequence of NATO's structure is 
that the Soviets are free to allocate their forces 
to best advantage, and are likely to concentrate 
in the sectors they believe to be the weakest­
particularly the Dutch and Belgian sectors in 
NORTHAG-while NATO's ability to shift its 
ground forces across corps sectors is limited. 

Attacking follow-on forces is a specific defen­
sive response to the Warsaw Pact strategy, within 
the context of NATO's posture. If NATO's de­
fending forces successfully resist the initial attack, 
they might be in danger of being overwhelmed 
as successive waves of fresh forces joined the at-

'Though not counted in the NATO force totals, there are in addi­
tion some 10 French army divisions and 13 French reserve divi­
sions as well as West German, Belgian, and Dutch home-defense 
militias that could assist NATO. 
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tack. However, if the schedule of the offensive 
could be upset and the rate of introduction of 
fresh Warsaw Pact forces limited by delaying, dis­
rupting, and destroying the follow-on forces, then 
the defenders would have a better chance of 
defeating each successive echelon as it arrived. 
Some believe that destroying the coherence of 
the offensive would be sufficient to cause it to 
fai I. 8 

NATO's planners and commanders will have 
to decide how to allocate assets among the close 

8lt is important to note that some observers believe Soviet doc­
trine is becoming more operationally flexible; while echelonment 
would still perhaps remain the favored strategy, commanders might 
be given the flexibility to allocate forces between first and second 
echelons according to the circumstances. 

battle, the follow-on forces attack, and the air bat­
tle. What forces the member nations provide will 
determine the NATO commanders' flexibility in 
making those allocations. Allocating resources to 
attacking follow-on forces would affect the suc­
cess of the close battle, but would reduce the as­
sets available for the close battle. Similarly, air­
planes not used to attack follow-on forces might 
be used to suppress air defenses (which would 
facilitate attacking follow-on forces), provide 
close air support for the close battle, or defend 
NATO aircraft against Pact air strikes.9 

9Not all aircraft could fill all these roles. Procurement decisions 
will affect the commanders' future flexibility to allocate. 

CONCEPTS FOR FOLLOW-ON FORCES ATTACK 

Several general concepts for attacking follow­
on forces have been suggested. NATO has some 
capability to implement each of these now, but 
that capability is limited and might be improved 
dramatically by suggested measures. These con­
cepts, described below, are: 

• Long-Range Attack. Attack follow-on forces 
deep in the enemy rear where they are lined 
up in transit on trains or roads. The advan­
tage of this is that the enemy forces are con­
centrated and vulnerable, and their locations 
are relatively predictable. However, it may 
be difficult to know what is being transported 
on any particular train. 

• Intermediate-Range Attack. Closer in, iden­
tify and attack critical enemy forces that are 
particularly threatening to a NATO corps 
sector within a day or two. This would al­
low NATO to concentrate its fire in a way 
that would most directly affect the success 
of the Warsaw Pact's next move. 

• Cross-Corps Support. In the event of an at­
tack concentrated against one or a few 
NATO corps sectors, attack heavily the 
follow-on forces in the threatened sectors 
using the long-range attack capabilities of 
other corps. 

The specific targets would include groups of 
tanks and other less heavily armored combat ve­
hicles, as well as surface-to-surface missiles, air 
defenses, command posts, and support vehicles. 
Some of these are fixed, some are movable, and 
others are highly mobile. Most are soft, others 
are hard. In order to be able to attack these tar­
gets effectively, it would also be necessary to take 
actions against targets-such as air defenses-that 
might restrict NATO's capability to conduct sur­
veillance and to strike into enemy territory. 

Within these overall approaches, there is some 
disagreement about which targets ought to be hit 
in order to most effectively delay, disrupt, or de­
stroy a given Soviet force element. Some argue 
that the tanks are the most important targets. 
Others maintain that all the combat elements are 
important, and that concentrating on killing 
tanks-which is relatively difficult-is not neces­
sary. Some argue that disrupting command and 
control is the most effective way to stop the offen­
sive, while others would attack logistics and sup­
ply. Still others argue that disrupting the Soviet 
schedule is the heart of FOFA, and that the most 
effective way to attack is to concentrate on cre­
ating chokepoints, which might also facilitate ef­
fective attacks on the force elements themselves. 

Finally, some believe that because timing is crit­
ical, what gets hit is not as important as hitting, 
for example, a command post, or a bridge, or a 
tank battalion just when the Soviets need it most. 

Many specific operational concepts can be for­
mu lated within these general concepts. Several 
are discussed below. There are several general 
themes that run through this discussion of oper­
ational concepts. First, the closer an enemy force 
is to the area of the immediate battle, the more 
immediate is its threat. Inflicting a given amount 
of damage or imposing a given amount of delay 
will be more significant for forces about to be 
committed to battle. At shorter ranges, NATO's 
ability to find targets with its tactical surveillance 
systems and to attack them with ground or air 
force weapons is also much greater. As the range 
to target increases, the number of surveillance 
and attack systems that can reach the targets de­
creases, the time between detection and attack 
may increase, and the attrition suffered in reach­
ing the targets may also increase. 

The second major point, however, is that at 
long ranges the targets-primarily forces being 
transported by rail-become more predictable 
and easier to localize, and this fact may well com­
pensate for the lack of surveillance coverage. 

Finally, operational concepts for follow-on 
forces attack do not exist in a vacuum. Other mis­
sions are likely to be crucial for their success­
in particular the suppression of enemy air de­
fenses. 

Intermediate-Range FOFA 

Within 150 km, prime targets for follow-on 
forces attack are the armored combat units which 
pose the most immediate threat to NATO's defen­
sive position. Throughout the war, new forces 
would arrive in this band after being transported 
from farther East by truck or rail; thus the forces 
in this band-wherever their starting point­
would continue to be key targets for follow-on 
forces attack as they always will represent the 
Warsaw Pact's immediate capability to add to the 
offensive. An attack that imposes a delay of 12 
hours or more in the movement of a unit through 

60-901 0 - 86 - 2 

11 

this band could cause a significant disruption in 
the Warsaw Pact schedule for prosecuting the im­
mediate battle. 

There are three general mission concepts for 
attacking forces in this range band: attacking units 
on the move on roads, attacking them while 
stopped, or attacking them while stalled in "traffic 
jams" created at chokepoints. Furthermore, cre­
ating chokepoints or attacking specific facilities 
such as command posts could have value in their 
own right by delaying or disrupting the advanc­
ing forces. 

When on the move under its own power, an 
armored combat division would, if possible, 
move on three or four parallel routes. A division 
moving over roads could stretch over 40 km. A 
surveillance system that can distinguish between 
armored vehicles and trucks (there are roughly 
twice as many trucks and other light vehicles as 
armored vehicles; among the armored vehicles, 
there are three times as many light-armored ve­
hicles as tanks) could increase the value of the 
resulting attack. 

Divisions on the move cou Id be expected to 
stop from time to time. These stops could be 
short, necessitated by considerations such as traf­
fic control or emergency repairs; moderately long 
stops for food and rest; or very long stops while 
waiting to be committed to the battle. 

Chokepoints might be created by dropping key 
road bridges or sowing minefields. The Warsaw 
Pact units attempting to move forward could pile 
up at these points, disrupting their schedule and 
presenting a concentrated target for further at­
tack. C3 facilities, particularly those associated 
with traffic control and river crossings, are also 
valuable targets under this concept. Although 
chokepoints are fixed targets whose locations are 
known ahead of time, the optimal timing of an 
attack may well depend on being able to moni­
tor the movement of the follow-on forces so that 
the chokepoint will have the greatest effect. 

Some more specific targets in this range band 
are also of interest-in particular surface-to-sur­
face missile units and command posts. They are, 
however, more difficult to locate and identify. 
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Air Attack 

Under current procedures, NATO army group 
commanders (on advice of the corps commanders) 
would provide the NATO regional Allied Air Force 
Commander, COMMFCE, 10 with requests for air 
support and lists of target priorities. COMAAFCE 
must weigh these requests against competing de­
mands for aircraft (e.g., air-to-air combat missions 
or attacks on enemy airfields) and apportion 
weights of effort to each category of missions. 
Specific target lists are identified by the corps 
commanders, and missions are allocated to them 
by the ATAFs in coordination with the army 
group commanders. In general, the closer to en­
gaged ground forces the attacks are to take place, 
the more weight is given to specific targets nomi­
nated by the corps commanders. 11 This planning, 
which would determine in general terms the 
numbers of aircraft required, their ordinance 
loads, and where they would go, would routinely 
occur well in advance of the actual attack. There 
would then follow more detailed preparations, 
in which particular aircraft are assigned to each 
mission (which may require putting together a 
"package" of aircraft from several different tac­
tical units in a coordinated attack), the aircraft 
are loaded and fueled, and the crews are briefed. 
There is considerable flexibility within this sys­
tem, however, to reallocate aircraft on the basis 
of new information received up until take off, and 
to a lesser degree, even after take off. In addi­
tion, the U.S. Army and Air Force are pursuing 
a number of initiatives under the recent Memo­
randum of Agreement to improve coordination 
in locating and carrying out attacks against deep 
targets. 

In the case of the mobile follow-on force tar­
gets, up-to-date information on the target loca-

10The Commander, Allied Air Forces, Central Europe (COMAAFCE) 
is the air component commander for the Commander-in-Chief, Cen­
tral Region (CINCENT) . COMAAFCE is "dual-hatted" (he "wears 
two hats"): he is also the Commander-in-Chief, U.S. Air Forces in 
Europe (CINCUSAFE). 

"United States procedures are specified in Joint Operational Con­
cept, Joint Attack of the Second Echelon U-SAK) (TAC Pamphlet 
50-26, TRADOC Pamphlet 525-16, U.S. REDCOM Pamphlet 525-
4, Dec. 13, 1982). Close air support sorties are distributed to corps. 
Battlefield air interdiction sorties are flown against targets identi­
fied and prioritized by the Army. Air interdiction targets are selected 
from those nominated by the Ai r Force and those nominated by 
the Army to meet the joint commander's interdiction strategy. 

tion would have to reach the pilots as close to 
the actual attack as possible. The longer the time 
lag between target location and attack, the lower 
is the probability that the aircraft will find its 
target. 

Aircraft are able to compensate, to some de­
gree, for a lack of precise target-location informa­
tion by placing a human observer on the scene; 
on-board targeting equipment can further com­
pensate. However, the heavy Warsaw Pact air 
defenses, especially those that move with the 
combat units, limit the flexibility aircraft may ex­
ercise in searching for an imprecisely located 
target. 

Attacking aircraft thus need to be able to min­
imize their exposure to air defenses. Air-to­
ground missiles that allow aircraft to remain some 
distance from the target; munitions that are more 
effective and which can engage several targets 
per pass; and targeting systems that allow the air­
craft to launch its weapons without making an 
initial pass to search for the precise target loca­
tion can all assist in attaining this goal. This lat­
ter can be accomplished either by systems that 
can communicate real-time target location data 
to aircraft in flight to the target, or by sensors car­
ried on board that give the aircraft a greater 
autonomous capability to find an imprecisely 
located target. 

Surface-to-Surface Missile Attack 

Planning an attack with Army weapons such 
as surface-to-surface missiles can be less compli­
cated; the procedures for allocating and packag­
ing aircraft for an attack are avoided. Some co­
ordination with the air forces would however be 
necessary to make sure that missile firings do not 
interfere with air operations and to avoid dupli­
cation of effort. Moreover, targeting information 
may come from Air Force systems. 

Precise and timely target location information 
is, however, more essential in the case of ground­
launched weapons: current missiles cannot 
search for targets as airplanes can. If missiles are 
to be used against armored combat units mov­
ing on roads, an attack location would have to 
be preselected based on advance observation of 
the moving units; the missile would be launched 

when the units are observed to reach a point that 
would place them at the attack location when 
the missile arrives several minutes later. This tim­
ing may not be critical if the target is a long 
column of vehicles. Sensors that can distinguish 
between tracked and wheeled vehicles could in­
crease the value of these attacks, given an effec­
tive antiarmor munition. 

Cross-Corps Support 

One important new possibility raised by follow­
on forces attack is that one corps could use its 
long-range attack capabilities to support another 
corps, adding a flexibility that is currently pos­
sessed only by the air forces. Warsaw Pact forces 
may well concentrate their attack on the weaker 
NATO corps-particularly the Dutch and Belgian 
corps assigned to defend areas in the northern 
half of Germany, where the level terrain adds to 
their vulnerability. The Warsaw Pact attack in 
other sectors would then aim just to tie up the 
other corps and prevent them from moving to 
reinforce the weak points. 

The United States and German corps are the 
best equipped to hold their forward defensive 
positions even without attacking the follow-on 
forces facing their corps sectors; they are also the 
most likely to be equipped in the future with a 
capability to attack follow-on forces . However, 
if some corps are to fire across corps boundaries 
in support of others, procedures would have to 
be developed by which the Army Group com­
mander tasks the individual corps (which actu­
ally own the weapons) and coordinates fire across 
corps sectors. Today, NA TO corps routinely plan 
cross-corps support with artillery. 

Long-Range FOFA 

At depths of greater than 150 km or so, the 
follow-on forces-second-echelon armies and 
second-echelon fronts-do not represent as im­
mediate a threat. And an equivalent attack against 
the forces in this band is less quickly felt in the 
immediate battle: because the forces are farther 
away from commitment, they have greater lee­
way to repair damaged vehicles or otherwise 
compensate for damage caused by an attack. The 
ultimate objective is nevertheless the same: to 
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control the rate of arrival of fresh forces at the 
immediate battle area. 

The general mission concepts involve attack­
ing divisions on trains; attacking railroad facil ities 
such as generating stations and bridges; and, as 
in intermediate-range FOFA, attacking units on 
roads. 

Trains moving across Poland are difficult to de­
tect; doing so would require satellites or airplanes 
that penetrate deep into Warsaw Pact territory. 12 

But the very large number of trains required for 
moving many divisions forward might present 
regular and predictable targets with a high den­
sity of high-value armored vehicles. 13 

Railroad facilities offer a number of suitable tar­
gets. The seven railroad lines that cross Poland 
from the Soviet Union have few north-south in­
terconnections. Dropping the railroad bridges 
that cross the Oder-Neisse Rivers could thus cre­
ate an effective obstacle. Other fixed targets in­
clude railroad generating stations, the railroad 
signal-control system, off-loading areas where the 
units shift from rail to road, and the transshipment 
points along the Polish-Soviet border. 

Attacking units on the roads or in assembly 
areas poses problems similar to those discussed 
above for attacks at intermediate range, but com­
pounded by the greater range and by the prob­
ability (which increases with range) that armored 
vehicles will be interspersed with trucks. The ar­
mored fighting vehicles are likely to be carried 
on transporters rather than moving under their 
own power. Greater range makes finding the 
units more difficult, and severely limits the num­
bers of existing aircraft that can reach these tar­
gets; and given current air-to-ground weapons 
that require a close approach to the target area, 
attacks at long range would also increase aircraft 
exposure to enemy air defenses. 

As with intermediate-range FOFA, there are in 
addition a number of specialized targets of inter­
est: command posts, nuclear weapons facilities, 
surface-to-surface missile units, and C3 facilities. 

Virtually all of the surveillance data in this band 
will have to come from national sensors, espe-

12Over-the-horizon radar might also provide some capability. 
13There is, however, some controversy about this point. 
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cially satellite-based systems. Making that infor­
mation available to NATO poses a number of 
problems, some technological and some proce­
dural (such as U.S. security regulations that gov­
ern the release of national sensor data to foreign 
countries). However, as noted above, units be­
ing carried by train may present continuous and 
predictable targets; other targets are fixed, such 
as bridges and power stations. While sensitive 
surveillance data may help to make a decision 
about when best to launch an attack against such 
targets for maximum effect, such data are not re­
quired in order to know that these targets are 
there. 

An essential requirement is that the delivery sys­
tem have sufficient range; most of the long-range 
band ls reachable only by strategic bombers, al­
though much is also within range of certain 
fighter/bombers (F-111 sand Tornados). This sit­
uation will not change in the near future. Bomber 
crews would have to be trained for such a tacti­
cal mission . At the direction of higher U.S. au­
thorities, the Strategic Air Command would make 

the bombers and crews available to NATO.14 The 
problem of enemy air defenses is serious; at long 
range most escort aircraft (which could protect 
the bombers from enemy interceptors and could 
attack or electronically jam air defenses) lack the 
range to accompany the attack. A long-range air­
to-ground missile that would allow the bombers 
to remain out of range of enemy antiaircraft mis­
siles would provide the greatest assurance of sur­
vivability. Short-range air-to-ground missiles could 
keep the bombers away from at least the termi­
nal defenses around heavily defended points, such 
as power stations and bridges. 

For attacking divisions being transported by 
trains, such a missile would need sensors capa­
ble of following the rail lines and detecting trains. 
Effective submunitions, capable of both derail­
ing the train and destroying the armored and un­
armored vehicles on the trains, would also be re­
quired. 

14SAC now maintains a liaison w ith USAFE and with SHAPE to 
facilitate tasking these aircraft. Their role is not necessarily limited 
to attacking at long ranges. 

REQUIREMENTS, CAPABILITIES, OPPORTUNITIES 

Each of these concepts requires the following 
general elements: 1) surveillance and target ac­
quisition systems to identify and locate the tar­
gets; 2) timely analysis and dissemination of the 
information to permit planning attacks; 3) timely 
command decision allocating attack assets to tar­
gets; 4) platforms to deliver the weapons to the 
targets; 5) control of the platform to the location 
of the target at the time it arrives; 6) weapons that 
can engage the targets; 7) munitions that can de­
stroy the targets; and 8) survivability of airplanes 
and their bases, ground-based launchers, and sur­
veillance systems, so that operations can con­
tinue. Since there are great numbers of individ­
ual vehicles, it would be important for each 
weapon to be able to engage several targets. De­
velopments that limit the exposure of NATO air­
craft to enemy defenses would also be important. 
Because attack of follow-on forces is likely to re­
quire many sorties throughout the war, it can­
not tolerate high attrition rates. 

In the Central Region, NATO currently has a 
substantial number of airplanes that might be 
used for attacking follow-on forces. Although 
these aircraft have the potential to deliver thou­
sands of tons of ordinance per day, their ability 
to effectively attack follow-on forces is limited by: 
the ability to provide and exploit target informa­
tion in a timely manner, the number of individ­
ual targets each aircraft could engage per sortie, 
the ability of the munitions to kill the targets, the 
ability to control weapons to targets, and the abil­
ity to operate at night and in bad weather. There 
is some capability in all these areas, but much 
room for improvement. Furthermore, it is unlikely 
that all these aircraft would be devoted to attack­
ing follow-on forces. Although some aircraft 
might be dedicated to that mission, others would 
have the flexibility to carry out other missions, 
such as providing a favorable enough air situa­
tion to make attacking follow-on forces attractive. 
In addition, many of NATO's interdiction aircraft 

are dual capable; some number of them will be 
withheld to stand nuclear alert. 

Within about 30 kilometers, follow-on forces 
could also be attacked with artillery or the Army's 
multiple launch rocket system (MLRS). Several Al­
lied nations also plan to acquire MLRS. Target­
ing could be supported by the Aquila RPV (re­
motely piloted vehicle; a small unmanned aircraft 
controlled from the ground), or by other Army 
systems such as the OV-1 D Mohawk airplane. 
Several of the Allies also operate RPVs. 

A number of measures that have been sug­
gested for improving NATO's ability to attack 
follow-on forces are described qualitatively be­
low. In the next few years improvements might 
be obtained by altering operational procedures 
and procuring sufficient quantities of existing sys­
tems. Systems that have undergone significant 
development-some currently in development 
and others unfunded-could be available in the 
late 1980s or early 1990s. In the far term, devel­
opments now in relatively early stages might be 
exploited. 

Although the application of developmental sys­
tems is described here on the assumption that 
they will work as advertised, there is always risk 
associated with development. Many of the sys­
tems have been tested to varying degrees, but 
neither complete concepts nor the complete 
process of attacking follow-on forces, from tar­
get identification to destruction, have been tested 
under anything approaching wartime conditions. 

Many of the developments discussed here have 
applications beyond follow-on forces attack. 
Their overall value should be judged within a 
wider context. 

Near-Term Opportunities 

In the near term, the following steps might im­
prove follow-on forces attack capability. To some 
extent these are all being done now. Many are 
procedural and might be done at low cost. How­
ever, they require effort, and are not without risk 
of unsatisfactory outcome: 

• continue to develop and exercise proce­
dures to strike targets deep in Warsaw Pact 
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territory using FB-111 s or B-52s carrying con­
ventional weapons; 15 

• develop procedures to provide the output 
of some intelligence systems to tactical users 
sufficiently quickly to support engagement 
of follow-on forces; 

• develop procedures for command and con­
trol of attack aircraft and army weapons that 
are sufficiently responsive to support attack 
of follow-on forces; 

• extend procedures for cross-corps support 
with ground-launched weapons to include 
MLRS, 16 and in the future ATACMS; 17 

• procure sufficient numbers of existing 
weapon systems that would be useful for at­
tacking follow-on forces, in particular the 
MLRS, GBU-15, 18 and the tactical munitions 
dispenser;19 and 

• improve training for planning and execu­
tion.20 

Currently NATO has little capability to strike 
very deep against divisions being transported for­
ward by rail and road. These are attractive tar­
gets because the units would be all lined up, and 
would exist in such high density along a few well­
defined routes that detailed surveillance might 
not be required to guide the attack airplanes to 
the targets. Few airplanes-primarily the F-111 s 
which have many other tasks-can strike suffi­
ciently deep. Using FB-111 s or B-52s (trained and 
equipped by the Strategic Air Command and 
operating under SACEUR's operational control) 
could provide a major increase in the amount of 
ordinance that could be delivered against these 

15SAC has offices at USAFE and SHAPE to facilitate the tasking 
of these aircraft. As these aircraft are replaced in the strategic bomb­
er force, they could be used to augment the firepower available 
to SACEUR. 

16MLRS is the Army's multiple launch rocket system. 
17Army Tactical Missile System. See appendix for description. 
18GBU-15 is an Air Force weapon : a guided glide bomb. Once 

released from the airplane, it can be " flown" by a weapon sys­
tems operator in the airplane by means of a data link that trans­
mits a TV picture from the weapon ' s seeker to the airplane and 
transmits guidance controls from the weapon systems operator in 
the airplane to the weapon . 

19The tactical munitions dispenser is dropped from an airplane. 
It breaks open in flight and drops submunitions. Several types of 
munitions are available for use in dispensers, and others are un­
der development. 

20For example, by using the training facilities of the Warrior Prep­
aration Center near Ramstein Air Base in West Germany. 
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targets. 21 Existing guided bombs like the GBU-
15 (or future powered and otherwise improved 
versions such as the AGM-130) might be used to 
attack important fixed targets and perhaps trains, 
and munitions dispensers with currently available 
submunitions could destroy many types of vehi­
cles, but not the most modern tanks. Buying 
enough munitions would be a key to success. 
Timely information from national intelligence sys­
tems that can see deep into enemy territory might 
improve capability to find trains or columns in 
road march, and cut down on search time and 
exposure to enemy air defenses. However, since 
current air-to-ground weapons require aircraft to 
come close to the target in order to attack it, these 
aircraft would still have to penetrate air defenses 
both enroute and in the vicinity of the target. 

Within about 150 km of the close battle, infor­
mation on enemy maneuver units (e.g., tank bat­
talions) provided by tactical reconnaissance air­
craft may be incomplete, and late when attack 
aircraft reach expected target locations. 22 (The 
same limitations would apply to ground-launched 
weapons; NATO, however, currently has no 
ground-launched weapons with a range com­
parable to that of aircraft.) Furthermore, many 
of the weapons carried by NA TO' s attack aircraft 
have relatively low kill rates against large num­
bers of vehicles, especially against armored 
vehicles. Several are limited by darkness and 
weather conditions, as are most of NATO's air­
planes. The tactical munitions dispenser could 
provide a capability to destroy a few soft and 
lightly armored vehicles per sortie, while the 
guided bombs could improve capabilities against 
fixed structures and other important single tar­
gets. The multiple launch rocket system could 
provide the army some capability to engage 
follow-on forces located by corps reconnaissance 
systems, but its range is limited; it, too, is limited 
by its current munition, which has a low kill rate 
against heavy armor. 

21 See "NATO Deploys Boeing B-52s in Deep-Strike Attack Exer­
cise," Aviation Week and Space Technology, Sept. 9, 1985. 

22That does not mean that the targets would never be found, or 
that all reports would be very old . Judicious coordination of recon­
naissance and attack aircraft, when conditions permit, can greatly 
reduce the delay. Stopped vehicles may remain stopped many 
hours. Finally, aircraft vectored toward the predicted location of 
a division on the move are likely, after some searching, to find all 
the targets they can handle. 

NATO nations-especially the United States­
have intelligence gathering systems that can 
gather important information on potential targets. 
That information does not generally go directly 
to NATO tactical users. If it must go through a 
lengthy sanitization process, it will be too old to 
be of much value. Developing procedures for 
making intelligence information available on a 
timely basis could be important for attacking 
follow-on forces. 

Attacking mobile follow-on forces will place de­
mands on NATO's command structure. Proce­
dures will have to be in place to assess surveil­
lance information, decide what to do, task attack 
aircraft or ground-launched weapons while the 
targets still have value, and get timely target loca­
tion information to the attackers so that they can 
find and attack them. For the past several years, 
the U.S. Army and Air Force have been working 
on joint measures to streamline this process. 23 

Midterm Opportunities 

Current Programs 

Several systems that are expected to reach 
maturity during the next several years could have 
important implications for attacking follow-on 
forces. These will require substantial funding, and 
many of the programs still have problems await­
ing resolution: 

• ASARS II synthetic aperture radar surveil­
lance system;24 

• PLSS emitter location system; 
• Joint STARS moving target radar and weapon 

control system; 
• products of the Joint Tactical Fusion program 

(e.g., ASAS and ENSCE) as well as other C3 

improvements; 
• F-15E; 
• LANTIRN navigation and targeting system for 

tactical aircraft; 
• Army TACMS ballistic missile; 

23See, for example, Joint Operational Concept, Joint Attack of 
the Second Echelon (TAC Pamphlet 50-26, TRADOC Pamphlet 525-
16, U.S. REDCOM Pamphlet 525-4, Dec. 13, 1982), 1982, and the 
Memorandum of Agreement on U.S. Army-U.S. Air Force Joint 
Force Development Process (May 22, 1984). This MOA covers de­
velopmental programs as well as procedures. 

24One ASARS II prototype is currently flying. 

• smart antiarmor submunitions, such as Skeet 
and SADARM and the MLRS/TGW; 

• AGM-130 missile; 
• RPV/TADARS, an Army reconnaissance and 

target designation system; and 
• various electronic warfare capabilities and 

IFF (identification friend or foe) to enhance 
the capability of NATO forces to penetrate 
into enemy airspace and return safely. 

The ASARS II, PLSS, and Joint STARS systems 
are designed to provide surveillance data on 
fixed, emitting, and mobile targets, respectively, 
to properly equipped users. Based on aircraft fly­
ing nominal patterns over NA TO territory, they 
would see targets in enemy territory. 25 The sys­
tems developed under the Joint Tactical Fusion 
program (probably available after ASARS II, PLSS, 
and Joint STARS) would correlate these data-as 
well as data from other sources such as recon­
naissance aircraft and RPVs-into a coherent pic­
ture of enemy activities. This could be used as 
part of the general situation assessment leading 
to identifying the most threatening enemy units 
and planning attacks. With more direct links to 
aircraft and missile launchers, the sensor systems 
could be used to update target location informa­
tion up until the attack aircraft take off, or the 
army launches a missile. Target update informa­
tion might also be sent directly to attacking air­
craft in flight. If all this works, it would provide 
NATO the capability to identify the most impor­
tant targets, plan its strikes accordingly, and be 
fairly confident that most of the attacking aircraft 
would find their targets, provided that NATO 
forces were properly equipped to receive and ex­
ploit the information. The weapon control im­
plicit in sending updates directly to the attack­
ing aircraft would be similarly important. It would 
minimize the amount of searching an aircraft 
would have to do in order to locate its target, and 
hence minimize its exposure to enemy air de­
fenses. It would facilitate successful attack by air­
craft lacking sophisticated target acquisition sys­
tems, such as the LANTIRN. 

LANTI RN is a two pod system designed to fit 
several aircraft including both the F-16 and the 
F-1 SE (a version of the F-15 designed for ground 
attack and having greater range/payload capabil-

25Actual range would depend on location and altitude of patrol. 
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ity than the current F-16). The LANTIRN naviga­
tion pod will provide the capability to navigate 
at low altitude at night, while the targeting pod 
will find targets, and lock weapon seekers onto 
them. It would expand the area that the pilot can 
see, enhance his capability to detect a target, and 
give him a capability to search for targets in the 
dark. 

Loading dispensers with smart antiarmor sub­
munitions would improve NATO's ability to ex­
ploit this improved data by allowing each sortie 
to engage groups of vehicles. A proper weapon 
mix would also include dispensers loaded with 
submunitions for attacking vehicles other than 
tanks, and dispensers loaded with mines. The 
AGM-130, a powered version of the GBU-15, 
would provide greater standoff for the launch air­
craft. It could be useful in attacking trains, vehi­
cles on roads, major air defense sites, or other 
fixed facilities that might be defended with local 
defenses. 

The availability of these airborne capabilities 
will depend on the survivability of NATO's air­
fields, among other factors. 

The Army TACMS (ATACMS) missile will have 
the capability to engage targets well beyond the 
range of MLRS, either in front of a NA TO corps, 
or laterally to support another corps. If target loca­
tion updates are received just prior to launch, and 
if effective submunitions are provided, it will be 
capable of engaging moving targets as well as 
fixed or stopped targets . It will provide the thea­
ter commander a capability in addition to that 
provided by the Air Force. This may be especially 
important early in the conflict when requirements 
for aircraft sorties are high and heavy Warsaw 
Pact air defenses-not yet suppressed-may re­
strict operations. 

Other Midterm Opportunities 

Other measures that have been explored over 
the past few years might produce greater bene­
fits from these systems. One is a target update 
link from the Joint STARS directly to an ATACMS 
or air-launched missile in flight, to further reduce 
target location uncertainty. 26 Another is the pro-

26Direct updates to air-launched missiles have also been con­
sidered . 
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vision of antiarmor submunitions for the ATACMS, 
currently planned for later production models. 
These two taken together cou Id give the AT ACMS 
the ability to attack targets such as tank battal­
ions. A version of the AGM-130 that carried a sub­
munition dispenser was under development but 
plans for procurement have now been dropped. 
If loaded with antiarmor submunitions and com­
bined with a seeker to follow rails or roads, this 
could provide the capability to destroy vehicles 
on rails or road march. It might provide all at­
tack aircraft with greater ability to stand off be­
yond defenses while attacking.27 The LOCPOD, 
a powered dispenser being developed by a multi­
national consortium, might play a similar role. 

Far-Term Opportunities 

Most of the developments discussed above 
would be expected to enter procurement dur­
ing the next few years. Given typical procurement 
patterns, their impact would begin to be felt dur­
ing the 1990s, although in some cases invento­
ries might not be filled until after the turn of the 
century. 

Some problems would still remain. There has 
been concern over the survivability of PLSS, 
ASARS, and Joint STARS. The aircraft that carry 
these systems could be vulnerable to rapid prog­
ress in Soviet air defenses. Associated ground sites 
and the airfields from which NATO aircraft oper-

27The B-52 Conventional Stand-off Capability program is investi­
gating putting target acquisition systems on B-52s. 

ate could also be vulnerable to attack. If follow­
on forces attack were to depend on these sys­
tems, losing one or more might seriously degrade 
capability, as would moving patrol stations west 
to reduce vulnerability. Similarly, attack aircraft 
attempting to penetrate into Warsaw Pact terri­
tory can be expected to face increasingly capa­
ble air defenses; and all attack systems, with the 
exception of strategic bombers based in the con­
tinental United States, would be subject to pre­
launch attrition. 

Ideas have been proposed for addressing these 
problems. Some are highly classified. More sur­
vivable platforms are being studied. Using long­
range cruise missiles would enhance the surviv­
ability of attack aircraft, but probably at a price­
cruise missiles have proved expensive. Variants 
of existing missiles, the JTACMS, and the multi­
national NATO Long-Range Stand-off Missile are 
possibilities. For attacking deep into Pact territory, 
B-1 s might be more survivable than B-52s, but 
would probably be less available. 28 

There has been concern that developments in 
Soviet armor might greatly reduce the effective­
ness of new antiarmor submunitions. Programs 
are currently underway to explore improvements 
in armor and methods for defeating advanced 
armor. 

28B-52s could become available as B-1 s replace them for strate­
gic nuclear missions. 8-l s could become available without reduc­
ing strategic forces if and when they are replaced by the Advanced 
Technology Bomber. Of course, a decision to send some of SAC's 
bombers to support SACEUR rather than hold them for nuclear mis­
sions is always possible. 

"PACKAGING" CONCEPTS 

A complete concept, or system, for follow-on 
forces attack should be considered as a "pack­
age" of individual systems, each of which has a 
different job. For example, a package must at lea$t 
include system elements for performing target ac­
quisition and weapons delivery, as well as effec­
tive munitions. They all have to be there and 
operate for the concept to work. In deciding what 
to fund, Congress may want to suggest that DOD 
present complete packages, so that the effective­
ness of the entire concept can be analyzed and 

the utility of each component can be readily un­
derstood. This approach would help Congress 
understand: the full extent of what has to be pro­
cured, when the full capability might be in place, 
how limited the capability would be until vari­
ous elements were procured in sufficient quan­
tity, and what the consequences might be of not 
procuring particular pieces (or failure of devel­
opments to meet expected goals). For some ele­
ments of a package there may be several candi­
date systems to choose among. For others, there 

will be only one viable choice, and failure to ob­
tain it could have serious consequences for the 
viability of the package. 

As a simple example, a package might include 
a LANTI RN-equipped F-16 that carries a tactical 
munitions dispenser and receives information 
from Joint STARS, ASARS II, and PLSS.29 A joint 

29Both Joint STARS and LANTIRN improve the capability of the 
F-16 to find the target. The Joint STARS decreases the area it has 
to search-by updating the target location-and the LANTIRN in­
creases its capability to search the area. The closer to the target 
Joint STARS updates the airplane, the less it has to search. LANTIRN 
also provides the ability to navigate at night and in bad weather, 
which would be important with or without Joint STARS targeting 
information. 
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tactical fusion facility would assimilate target in­
formation and pass data to automated command 
and control facilities supporting planning, task­
ing, and execution . The munitions dispenser can 
be loaded with either Skeets-an antiarmor sub­
munition-or the Combined Effects Munition, 
which is effective against personnel and vehicles 
other than modern tanks. This entire package 
might be available in quantity by the mid to late 
1990s, and-if everything works as advertised­
would be capable of successfully attacking tank 
battalions as well as other maneuver units. Other 
elements would also be needed to make the sys­
tem complete. This example is illustrative only; 
it is not an OTA recommendation. Other pack­
ages might be as capable. 

REPRESENTATIVE REMAINING QUESTIONS 

Besides the obvious question of how well all 
these developments will work, especially in the 
presence of Soviet efforts to counter them, sev­
eral important questions remain to be answered. 
First, for a given level of effort, how successful 
can NATO expect to be in attacking follow-on 
forces, and indeed how is success to be meas­
ured? How does success in attacking follow-on 
forces translate into success overall, and how suc­
cessful does follow-on forces attack have to be? 
How do we balance striking very deep (i.e., 
against rail lines in Poland) versus attacking those 
forces that pose an immediate threat? Since the 
assets used to attack follow-on forces will gener­
ally come at the expense of forces to fight the 
close battle-either sorties diverted or money not 
spent on other systems-how do we gauge and 
balance follow-on forces attack against the close 
battle?30 How will NATO's capabilities degrade 

30This is not to say that an ability to attack.follow-on forces can 
only be obtained by reducing force structure in other areas (although 

as parts of its ability to attack follow-on forces are 
lost-either through attrition or through lack of 
funding? 

some have stated that doing so would be a cost-effective trade) . 
FOFA capability will be obtained by extending the interdiction ca­
pability of the Air Force to include a significant capability against 
the forces themselves, and extending the range of the Army's fire­
power and the ability to use it successfully against moving forces. 
However, the funds used to extend these capabilities w ill then not 
be available for other applications, and the systems tasked to at­
tack follow-on forces in wartime will not be simultaneously avail­
able for other missions. For example, funds spent procuring TACMS 
missiles are not available to be spent on tank modernization, or 
air defense, or additional antitank guided missiles. An F-16 sortie 
flown to attack follow-on forces 100 km deep means one less F-16 
sortie available to fly air defense, or to attack enemy air bases. In 
weighing alternative applications of the same resources, it will be 
necessary to consider how each would affect the outcome of the 
war. The effect of the reduction in one area will have to be weighed 
against the effect of the improvement in another with in some frame­
work that takes both into account. 



Appendix 

Delivery Systems and Munitions 

Two major areas of development are of par­
ticular interest for the follow-on forces attack 
(FOFA) concept: reconnaissance, surveillance, 
target acquisition, and data handling; and muni­
tions and delivery systems. Little can be said 
about the former in an unclassified report. This 
appendix provides information on munitions and 
delivery systems. 

A weapon system is a combination of a deliv­
ery system and a munition. The delivery system­
an aircraft, a missile, or an aircraft launching a 
missile-needs to have several general capabil­
ities if it is to be of use in follow-on forces attack: 

• range: FOFA targets will be located any­
where from 30 km back to as far as the 
Polish-Soviet border, some 800 km from the 
inter-German border; 

• accuracy: depending on the target and the 
munition, the delivery system must be able 
to land a munition to within anywhere from 
100 m or so to less than 1 m of the target; and 

• survivability: aircraft and missiles must be 
able to reach the target (and aircraft must 
make the return trip as well) without getting 
shot down. 

The choice of delivery system ranges from a 
manned aircraft flying directly over the target and 
dropping a munition, to a ground-launched mis­
sile that flies autonomously to the target. In be­
tween are a range of possibilities involving mis­
siles launched from aircraft at increasingly longer 
"standoff" distances. As that distance increases, 
the su rvivabi I ity of the aircraft increases, but the 
time during which the missile must fly autono­
mously increases as well-which means less ca­
pability against targets which can move between 
the time the missile is launched and the time it 
arrives over the point at which it was aimed, un­
less the missile receives mid-course target loca­
tion updates. Ground-launched missiles eliminate 
the aircraft altogether, but are vulnerable before 
launching-missile launchers will be high-priority 
targets for the Warsaw Pact. A manned aircraft 
is also able to compensate for imprecise target­
location information and for the movement of tar-

gets by placing a human observer on the scene. 
Short-range missiles can incorporate relatively 
simple guidance systems that offer substantial im­
provements in accuracy over free-fall munitions; 
but at longer ranges, providing high accuracy be­
comes a complex engineering challenge. 

Munitions for follow-on forces attack can be 
as simple as conventional high-explosive bombs. 
But improvements in two general areas can sig­
nificantly increase the usefulness of a munition 
in follow-on forces attack: 

• kill radius: a conventional -500-lb high-ex­
plosive bomb must land within a meter of 
a tank to put it out of action; a munition with 
a greater area of effect need not be delivered 
so accurately and may in addition be able 
to engage multiple targets; and 

• lethality: hardened targets, such as armored 
vehicles and reinforced concrete command 
posts, are becoming resistant to conventional 
high explosives; moreover, a more sophis­
ticated lethal mechanism that uses smaller 
amounts of explosives increases the number 
of targets that can be killed per pound of air­
craft or missile payload. 

Munitions concepts are, broadly speaking, vari­
ations on three themes: unitary explosives, such 
as bombs and artillery shells; cluster weapons, 
which contain many small "submunitions" that 
blanket a large target area; and "smart" submu­
nitions that search out an area with electronic 
sensors and selectively engage the targets they 
find. Figure A-1 illustrates these approaches. 

Although it is often convenient, as above, to 
separate delivery systems from munitions-and 
indeed that is the way procurement requests are 
presented to Congress-the two elements do in 
fact form a complete, interacting system. Choices 
in one determine the range of choices available 
for the other. An inaccurate missile, for exam­
ple, could not use a munition with a very small 
kill radius. On the other hand, a munition capa­
ble of engaging multiple targets per pass could 
inherently increase the delivery system's surviv-
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Figure A-1.-Munitions Concepts 
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SOURCES: Photo-MBB Corp. (Messerschmltt-Bolkow-Blohm (GmbH)); draw­
ing-General Dynamics Pomona Division. 

ability by reducing the number of sorties required 
to kill a given number of targets. The effective­
ness of any one component can be measured 
only by examin ing how well the entire system 
functions. 

Delivery Systems 

Aircraft 

Historically, only aircraft have been able to 
reach the sorts of depths behind enemy lines re­
quired to attack follow-on forces. "Air interdic­
tion" -the Air Force's term for attacking ground 
targets beyond the immediate battle area-is 
however just one of several missions that NATO's 
air forces are charged with carrying out, a fact 
reflected in the capabilities and relative numbers 
of the various aircraft now in the inventory. 

The United States aircraft that can play a part 
in follow-on forces attack fall into three general 
categories: 

1. long-range ground-attack fighter/bombers (F-
111 and future F-15E); 1 2 

2. multi-purpose fighter/bombers that, as com­
peting demands permit, could assume some 
ground-attack missions (F-4 and F-16); or 

3. strategic bombers which could be desig­
nated to support NATO (B-52, FB-111, and 
future B-1 B). 

Aside from the obvious question of range (see 
figure A-2), a number of factors determine the 
suitability of an aircraft for follow-on forces at­
tack missions: 

• Targeting equipment: In order to locate 
and attack targets day and night and in all 
weather, aircraft require aids such as high­
resolution ground-mapping radar and for­
ward-looking infrared (FLIR, which is used 
for precise targeting close-in; the LANTIRN 
targeting pod, to be acquired for the F-16 and 
F-1 SE, contains a FLIR along with electronics 
for controlling precision-guided bombs). 

• Crew size: Flying an aircraft in an extremely 
hostile environment and operating modern 
precision-guided ground-attack weapons are 
both demanding jobs; a two-man crew per­
mits one member to give full attention to 
each task. 

• Low-altitude flight: Because of the dangers 
of being spotted by enemy radar and being 
shot down by ground-based air defenses, air­
craft penetrating enemy territory may fly very 
low-200 feet or so; 3 not all combat aircraft 
are equipped with the terrain-following radar 
or infrared navigation equipment needed to 
maintain these low altitudes safely at night 
or in bad weather. (The LANTIRN navigation 
pod provides both.) 

'The F-1 SE will retain the F-1 S' s air-to-air combat capabilities, and 
in fact may be called on early in a conflict to carry out air superi­
ority missions, but is built primarily for ground attack. 

2This report deals with U .S. systems. Airplanes that are in the in­
ventories of our Allies, but not our own, are not discussed. Prin­
cipal among these is the Tornado aircraft, currently in production. 
The ground attack versions being procured by the Germans car­
ries the MW-1 submunition dispenser, aspects of which are dis­
cussed in this appendix. 

3This doctrine is being reconsidered, however; some analyses sug­
gest that medium-altitude flight may prove safer, in some cases. 

Figure A-2.-Combat Radii of Unrefueled 
U.S. Ground-Attack Aircraft 
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Assumptions: HI-LO-LO-HI profile from England; LO-LO-LO from 
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LO flight at 480 knots and 200 feet 
4,000 lb of ground-attack ordinance plus self-defense 
weapons• 

*The assumed loads listed below were provided by the Air Force 
to place the range comparisons on a common basis; they are not 
meant to represent the preferred ordinance for actually attacking fol­
low-on forces. 

F-111F: ECM Pod, PAVE TACK 
2 X AIM-9 
2 X Mk-84 

F-4E: ECM Pod; 2 external fuel tanks 
2 X AIM-7 
2 X Mk-84 

F-16A: ECM Pod; 2 external fuel tanks 
2 X AIM-9 
2 X Mk-84 

F-15E: LANTIRN nav+trgt pods; 2 conformal, 3 external fuel 
tanks 
2 x AIM-9; 2 X AIM-20 (AMRAAM) 
2 X Mk-84 

• Availability: The multi-purpose fighters will 
be largely committed to fighting the air su­
periority battle for at least the first few days 
of a war in Europe, according to Air Force 
analyses; committing aircraft to FOFA mis­
sions would reduce the Air Force' s ability to 
gain or maintain air superiority. In addition, 
some of the ground-attack fighter/bombers 
(particularly F-111 s and designated F-4s) 
probably would be held on alert for tactical 
nuclear missions and would be unavailable 
for conventional air interdiction. 
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Because of the long development time for new 
aircraft, NATO is likely to continue well into the 
1990s with current equipment and the equipment 
entering the inventory in the next few years. (See 
table A-1.) 

When flying directly over the target, a manned 
aircraft has the advantage of placing a human ob­
server in a position to adjust his plans to the im­
mediate situation on the ground. On the other 
hand, the accuracy with which direct-overflight 
munitions-bombs, or dispensers holding submu­
nitions-can be delivered to targets can be rela­
tively low. For a dive-bombing attack, the ac­
curacy is very good. For a "toss" delivery, in 
which the aircraft remains several kilometers 
away from the target and releases the bomb dur­
ing a climb-in effect lobbing the bomb to the 
target-accuracy is lower. In both cases, too, the 
aircraft may be very exposed to ground-based air 
defenses. 

Table A-1 .-Ground-Attack Aircraft Characteristics 

F-111 
1oca: 1968 
Crew: 2 
Take-off weight: 42,000 kg 
Targeting: ground-mapping radar 

FLIR on F-111Fs with PAVE TACK pod 
Night/all-weather: yes 

F-15E 
IOC: 1989 
Crew: 2 
Take-Off weight: 37,000 kg 
Targeting: ground-mapping radar; FLIRb with LANTIRNc 

targeting pod 
Night/all-weather: yes, with LANTRIN nav pod 

F-16 
IOC: 1979 
Crew: 1 
Take-off weight: 15,000 kg 
Targeting: visual; LANTIRN will add FLIR 
Night/all-weather: at present, no; LANTIRN nav pod could 

provide capability 

F-4 
IOC: 1961 
Crew: 2 
Take-off weight: 28,000 kg 
Targeting: visual; PAVE TACK on F-4Es add FLIR 
Night/all-weather: no 

aIOC-ln ltlal operational capability. 
bFLIR-forward-looklng Infrared. 
cLANTIRN-low altitude navigation targeting infrared night. 

SOURCES: Jane's All the World's Aircraft 1985-86 (London: Jane's Publishing Co. 
Ltd., 1985). Nuclear Weapons Databook, Volume I (Cambridge, MA: 
Ballinger Publishing Co., 1984). "The F-15E" International Defense 
Review, August 1985. 
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The standard bombs in the Air Force inventory 
are the 500-lb Mk-82 and 2,000-lb Mk-84 free­
fall, general-purpose bombs. A variety of dispens­
ers have been developed to hold submunitions; 
most are released like bombs, but are fuzed to 
break open after a set interval or when a set alti­
tude is reached, scattering the submunitions. 

Close-Range Air-to-Ground Missiles 

By adding a guidance system and controllable 
tail fins to free-fall bombs or submunition dis­
pensers, accuracy has been greatly improved. 
Wings, which permit the bomb to glide aerody­
namically, or a small rocket motor give these mis­
siles a modest range that permit the aircraft to 
remain several kilometers away from the target. 
The guidance concept of these missiles, however, 
requires that the target be in sight at the time that 
they are launched. 

Two basic approaches to guidance are employed: 
laser-spot designation and autonomous TV-track­
ing. In the former, a laser beam is aimed at the 
target either by the attack aircraft or a second, 
" buddy" aircraft, and the missile homes in on 
the reflected laser light; in the latter, a TV or 
imaging-infrared camera is mounted on the nose 
of the missile, the pilot or weapons officer lines 
up the target in cross-hairs on a TV screen, and 
the missile then locks on to that point and guides 
itself in. 

Paveway.-The Paveway series of laser-guided 
bombs consists of kits that are attached to con­
ventional Mk-82 and Mk-84 bombs. The laser 
"designator," which produces a coded beam that 
matches a code fed into the bomb' s electronics 
before take-off, is carried in a pod mounted ei­
ther on the attack aircraft or on a second aircraft 
which could remain at a safe distance from the 
target while the attack aircraft flies in and releases 
the bomb. The current designator pod, PAVE 
TACK, has a forward-looking infrared (FLIR) cam­
era which sends a picture of the ground ahead 
to the cockpit; the weapons officer uses a joystick 
to line up the target in cross-hairs and must keep 
it there manually until the bomb impacts. It is cur­
rently deployed on F-4 and F-111 aircraft, which 
have two-man crews. A new targeting pod, 
LANTIRN,4 is being developed for the F-16 and 

4For " Low-Altitude/Navigation and Targeting Infrared System for 
Night. " 

F-15E; once a target is initially selected, LANTIRN 
can be locked on, automatically keeping the la­
ser designator pointing at it, and freeing the pilot 
or weapons officer to perform other tasks. 

The older Paveway lls in the inventory cannot 
be dropped from low altitude because of their 
small airfoil, a fact that severely hinders their use­
fulness in the face of antiaircraft defenses. A new 
version, Paveway Ill, also known as the Low-Level 
Laser-Guided Bomb', has an improved guidance 
system. The Air Force decided in spring 1985 
to cancel its planned procurement of Paveway 
Ill because of rising costs, however. The 5,000 
Mk-84 versions (known as the GBU-24) pur­
chased with fiscal year 1985 funds will be deliv­
ered by 1987; some 500 have been delivered so 
far (along with 200 of the Mk-82 versions, known 
as GBU-22). 

Maverick.-The Air Force has in operation with 
F-4, F-111 , and F-16 aircraft a TV-guided anti­
armor missile, the Maverick AGM-65B. In oper­
ation, the pilot can slew the TV camera located 
on the nose of the bomb to line up the target in 
cross-hairs on a TV display in the cockpit; the 
Maverick is then launched and flies autonomously 
to the indicated target. It is propelled by a small 
solid-fuel rocket motor. Approximately 30,000 TV 
Mavericks have been produced. 

A new version, now in production (the AGM-
65D), substitutes an imaging infrared (IIR) seeker 
for the TV. Its operation is similar to that of the 
TV version; but in addition it can be used at night 
and under low visibility, and it roughly doubles 
the range at which targets can be recognized 
even in daylight. The IIR version also can be used 
in conjunction with the LANTIRN targeting pod, 
which simplifies the job of finding and locking 
onto a target. (F-16 and F-15E aircraft are to be 
equipped with the LANTIRN system, which con­
sists of a targeting pod and a navigation pod. The 
navigation pod includes a terrain following radar, 
which allows the pilot to fly at low altitudes even 
at night, and a forward-looking infrared (FLIR) 
camera that gives the pilot a night-vision picture 
of the ground below.) The LANTIRN targeting 
pod can give the pilot a wider fie ld-of-view pic­
ture than does the Maverick's own camera; once 
the pilot locates a probable target on the wide 
field-of-view LANTIRN display, he can switch to 
a higher magnification to identify it and then lock 

the Maverick seeker onto it.5 Without LANTIRN, 
the entire search would have to be carried out 
by slewing around the small field-of-view Maver­
ick seeker, a difficult job for the pilot of a single­
seat aircraft who must at the same time keep the 
aircraft flying at low altitude and avoid hostile fire. 
The Air Force Mavericks carry a 60 kg shaped­
charge warhead for penetrating armored vehicles. 

Short- to Medium-Range Air-to-Ground 
Missiles 

Longer range air-to-ground delivery systems in­
corporate guidance systems that do not require 
a direct line of sight to the target at the time of 
launch from the aircraft. They also permit aircraft 
to stay out of range of the enemy's terminal air 
defenses (in the case of the short- to medium­
range missiles in this section) or even to avoid 
having to penetrate enemy airspace altogether 
(in the case of the long-range missiles discussed 
below). 

For the medium-range missiles in this category, 
the two systems used are command guidance, 
in which a radio data link allows the operator to 
steer the missile throughout its flight; and iner­
tial guidance, in which the missile is programmed 
before launch with the relative geographic co­
ordinates of the target and then flies out on its 
own. Ranges of tens of kilometers are character­
istic of these systems. A third basic guidance sys­
tem, which allows the missile to recognize the 
target automatically and home in on it, is in lab­
oratory stage of development, and may be incor­
porated into the Autonomous Guided Bomb, dis­
cussed below. 

GBU-15/AGM-130.-The Air Force is now ac­
quiring the GBU-15, a command-guided glide­
bomb built around a 2,000-lb Mk-84 warhead . 
A TV camera mounted on the nose transmits a 
picture back to the cockpit during its flight. The 
weapons officer uses a joystick to steer the GBU-
15, making course corrections as needed; once 
the target is well in view, it can be lined up in 
cross hairs and the guidance system locked on 
to automatically guide the final approach. (If the 

5An automatic target recognition (ATR) system is being developed 
for possible installation on advanced versions of the targeting pod . 
Developmental versions of this system have been tested . 
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target is in sight before launch, the target can be 
locked on from the start.) As with the Paveway, 
control can be handled either by a weapons of­
ficer in the attack aircraft or from a second air­
craft that remains farther from the target; the radio 
link of the GBU-15, however, allows this buddy 
aircraft to be much farther away, provided it 
maintains a direct line of sight to the bomb's flight 
path. The aircraft controlling the GBU-15-cur­
rently F-4E, F-111 F, and, when it arrives, the 
F-15E-must carry a 200-kg data link pod. 

Since production began in 1980, 1,600 have 
been purchased and 700 delivered. The unit cost 
has fallen from $194,000 in 1980 to $128,000 in 
1985. An imaging infrared version, to allow night 
and poor-weather operation, is now in initial low­
level production; full production is scheduled to 
begin in 1988. The seeker was adapted from the 
imaging-infrared Maverick. 

The range of the GBU-15 can be roughly dou­
bled by adding a small rocket motor;6 such a sys­
tem, designated AGM-130, is now in full-scale de­
velopment, with initial production of one version 
scheduled for fiscal year 1987. That version, the 
AGM-130A, carries a 2,000-lb Mk-84 bomb. The 
AGM-130B, which would instead carry a submu­
nition dispenser, is not currently funded. (Al­
though only one submunition load, designed for 
airfield attack, was being planned for the dis­
penser version, in principle other submunitions 
could be used as well.) Current plans also call 
for incorporating the improved 2,000-lb bomb, 
designed to penetrate hardened targets, in fiscal 
year 1988 in a third version of the AGM-130. The 
Air Force is currently planning to begin work late 
in fiscal year 1986 on a new data link that will 
be more resistant to jamming than the present 
model; the first improved models would be pro­
duced in fiscal year 1990.7 

6The actual range improvement depends on launch altitude, with 
the greatest relative improvement at low-level release. 

7Several other concepts for improving the utility of the GBU-
15/AGM-130 have been suggested. Inertial guidance could, for ex­
ample, allow the pilot to release the bomb while flying obliquely 
to the target; it would also reduce the workload on the weapons 
officer, making it feasible to control more than one bomb at a time, 
switching from one to another only as each one reached the final 
approach to the target. The data link is already configured to han­
dle four channels, thus allowing four bombs to be in flight at once; 
studies by Rockwell, the prime contractor for the GBU-15 and AGM-
130, suggest that the workload of four GBU-1 Ss w ith inertial guid­
ance is comparable to that of one standard GBU-15. 
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Inertially Aided Munitions.-A demonstration 
program is in progress at the Air Force Armament 
Laboratory to incorporate a low-cost inertial navi­
gation system into a guided Mk-82 bomb (the 
concept is equally applicable to the Mk-84). The 
coordinates of a fixed target would be entered 
before take-off; Global Positioning System data 
would provide the position of the aircraft at the 
time the bomb is released. Because the time of 
flight of the bomb is so short (on the order of a 
minute), drift of the inertial system is not a seri­
ous problem, and a low-quality system can be 
tolerated. Inertial navigation would allow the 
bomb to be released at a location preselected to 
be safe from antiaircraft defenses; the target need 
not be in view; and a second crew member is 
not needed to control the bomb to the target. 
When released at a distance from the target, the 
accuracy would be better than that attained in 
conventional dive-bombing with free-fall bombs. 
The 2-year demonstration program started in fis­
cal year 1986; a further 2 to 3 years would be 
needed for full-scale development. The cost ob­
jective is $10,000 each. 

LOCPOD,SRSOM.-The United States, Italy, 
Spain, and Canada are jointly funding a feasibil­
ity study for a low-cost, probably inertially guided, 
powered submunition dispenser. The principal 
targets would be airfields; a range of 15 to 30 km 
is contemplated. A feasibility study for a similar 
dispenser that would carry antiarmor submuni­
tions for attacking armored combat vehicles may 
begin in late 1986; the United States, Britain, and 
Germany are now involved and other NATO 
members have expressed interest. Discussions are 
under way to fold both programs together into 
a single NATO cooperative development pro­
gram for a "modular standoff weapon." 

Autonomous Guided Bomb.-For attacking 
some high-value fixed targets, such as bridges, 
the accuracy of a pure inertial system is insuffi­
cient. One way to combine the autonomy of the 
inertially aided munitions with the precision of 
the command-guided bombs is to equip the 
bomb with an automatic capability to recognize 
the target and guide itself in to a precise impact 
point. The Air Force Armament Lab is catalog­
ing imaging infrared features of "generic" targets 
and developing algorithms to automatically rec-

ognize key features. An early version, of which 
the Air Force is planning to begin full-scale de­
velopment in 1988, would be programmed be­
fore take-off with information about the target and 
its location relative to a preplanned release point. 
It would probably be built around the Low-Level 
Laser-Guided Bomb or the AGM-130. A research 
program is also exploring the application of auto­
matic target recognition to millimeter-wave sen­
sors for the GBU-15· and Maverick. 

Long-Range Air-to-Ground Missiles 

The Air Force has for several years been. inter­
ested in a longer range (several hundred kilome­
ter), conventionally armed, air-launched cruise 
missile, primarily for airfield attack. At these 
ranges, inertial guidance alone is no longer suffi­
cient: the accumulated drift in even very expen­
sive inertial systems is simply too great. 8 Periodi­
cally correcting the inertial guidance system by 
comparing the missile's actual location-as meas­
ured by sensors which scan the terrain below­
against prestored maps can improve the accuracy; 
this is the technique (known as TERCOM, for ter­
rain comparison) used in nuclear-armed cruise 
missiles. But accuracy is still not sufficient for con­
ventionally armed missiles, which-at least for 
hard targets such as bridges and reinforced­
concrete buildings-must get to within a matter 
of a meter. 

Even correcting the inertial system with data 
from the Global Positioning System satellites may 
not solve the problem if the exact location of such 
fixed targets is not known with sufficient ac­
curacy. Thus inertial guidance would likely be 
applicable only to mid-course guidance of a con­
ventional, long-range cruise missile. 

Terminal guidance, involving a sensor that 
looks at the actual target, would be needed to 
fine-tune the missile's course on the final ap-

6The high-accuracy mechanical gyroscopes used in commercial 
aircraft inertial navigation systems typically have a position error 
that increases at a rate of 0.5 km per hour; ring-laser gyroscopes 
which are far less expensive and more compact, have a higher drift 
rate. (See Proceedings of the IEEE, October 1983, 71, pp. 1121-
1232.) A cruise missile flying 600 km at high subsonic speeds would, 
if it relied on inertial navigation alone, wind up at least several hun­
dred meters off target. Fiber optic gyros, currently under develop­
ment, promise to be cheaper and more accurate than ring-laser 
gyros (see IEEE Spectrum, March 1986) . 

proach. The two basic approaches are scene 
matching, which compares an optical or imag­
ing infrared image with a stored picture of the 
actual target; and automatic target recognition, 
which combines a sensor (laser radar, TV, imag-

' ing infrared) with a processor that recognizes the 
key features of generic types of targets. The 
former is already in use in the conventionally 
armed ground- and sea-launched Tomahawk 
cruise missile and the reentry vehicle of the Per­
shing II ballistic missile; the latter is in the lab­
oratory stage. 

JTACMS.-An outgrowth of the now-defunct 
MRASM medium-range air-to-surface missile pro­
gram, JTACMS is a joint Air Force-Army effort to 
develop a new conventionally armed missile. 

LRSOM.-The United States, Britain, and Ger­
many are working jointly on a feasibility study 
for a conventional cruise missile known as the 
NATO Long Range Standoff Missile (LRSOM); the 
project began in April 1985. No hardware is being 
built yet, however. The main target for such a mis­
sile would be heavily defended airfields, and the 
missile would be designed chiefly to carry run­
way cratering submunitions and mines. The con­
cept could in principle be adapted to other mis­
sions, however. Some form of terminal guidance 
would be necessary in either case. The missile 
would be launched from an aircraft (although 
ground launching might be an option) and have 
a range of up to 600 km (the limit set by the SALT 
II agreement on cruise missiles launched from air­
craft other than strategic bombers). 

Ground-Launched Missiles, 
Rockets, Artillery 

Ground-launched weapons that might other­
wise be suitable for follow-on forces attack have, 
until very recently, had little capability of reach­
ing much beyond the range of conventional 
artillery-about 30 km . Although some longer 
range tactical surface-to-surface ballistic missiles 
(currently, Lance) have had a nominal capabil­
ity to carry conventional explosives, their essen­
tial purpose lies in the tactical nuclear mission . 
Proposals have from time to time been made to 
adapt intermed iate-range ballistic missiles to con­
ventional missions, for example using the first 
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stage of the Pershing la or II for airfield attack,9 
but there are no actual programs at this time; sim­
ilarly, the nuclear-armed ground-launched Toma­
hawk cruise missile could be armed with a con­
ventional warhead (as is in fact done in two 
ship-launched versions of the Tomahawk) , though 
there are no plans to do so at present. 

The Army's decision in December 1985 to pro­
ceed w ith full-scale development of a new con­
ventionally armed ballistic missile known as 
ATACMS will however change this picture sig­
nificantly. Extended-range artillery, if eventually 
combined with guidance systems or smart sub­
munitions, could also provide some follow-on 
forces attack capabilities. Smart submunitions and 
gu idance systems are currently being incorpo­
rated into conventional artillery and rockets, with 
some application to very short-range FOFA 
missions. 

MLRS.-The multiple launch rocket system 
consists of a 25-ton tracked vehicle that can 
launch 12 rockets without reloading. Its chief role 
is to generate the rapid surge of artillery fire 
needed to counter enemy artillery. A new war­
head, containing smart submunitions, is being de­
veloped to give the MLRS rockets an antiarmor 
capability. 

The United States has acquired 250 launchers 
to date; current plans call for a total procurement 
of 348 by 1988. An additional 143 launchers 
would be procured to handle the extra assign­
ment of the ATACMS missile. The British, French, 
Germans, and Italians also plan to acquire MLRS 
launchers. 

ATACMS.-Originally a part of the joint Army­
Air Force JTACMS program, ATACMS split off in 
June 1984 when the Army decided to proceed 
at once with development of a ballistic missile 
that could be fired from existing MLRS launchers. 
Unlike the Assault Breaker missile from which it 
is descended, ATACMS w ill not have the capa­
bility to receive target course corrections while 
in flight; coordinates will be fed into the system 
just before launch . In-flight updates could allow 
the missile to engage targets that would other-

9Strengthening Conventional Deterrence in Europe ESECS II (Boul­
der, CO: Westview Press, 1985), pp. 55-62. 
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wise have moved out of the missile warhead's 
kill radius during the 3-minute flight time, and that 
capability might be added in the future as a block 
improvement. 

Although the accuracy of AT ACMS is to be con­
siderably better than that of Lance, it still will not 
have the terminal guidance that would be needed 
to score a precise hit on a point target. Warheads 
being developed for ATACMS, discussed below, 
are thus designed to disperse a large number of 
submunitions over a wide target area. 

The existing MLRS launchers, which the U.S. 
Army and other NATO armies have already begun 
to acquire, will be able to handle the ATACMS 
without modification. The ATACMS will be pack­
aged in canisters (one ATACMS per canister) iden­
tical in outward appearances to the MLRS can­
isters (containing six MLRS rockets); all U.S. MLRS 
batteries will be equipped with both. Thus the 
higher value and more threatening ATACMS will 
be dispersed among a larger number of MLRS 
rounds, making it difficult for the enemy to single 
out the smaller number of ATACMS for selective 
attack. 

Munitions for ATACMS are discussed below; 
they are the APAM cluster warhead now used on 
conventional Lance, a smart antiarmor submu­
nition (possibly an IR-Terminally Guided Submu­
nition), and possibly a wide-area smart submu­
nition for attacking surface-to-surface missile 
units. 

Lance.-Development work on Lance began 
in 1962; it was deployed in 1976. Although a con­
ventional warhead is deployed, the principal role 
of Lance is nuclear. It has a range of 5 to 125 km. 
Lance, which is fired from its own mobile launcher, 
will continue to have the nuclear role after 
ATACMS is deployed. 

Extended-Range Artillery.-A rocket-assisted 
artillery shell is already in the Army's inventory; 
it has a maximum range of approximately 40 km. 
The Army Armament Research and Development 
Center and DARPA are also supporting research 
on solid-fuel ramjet rounds for 155 mm and 8 
inch artillery, which may be able to extend the 
range to 60 to 80 km. A generic problem with 

all efforts to add propulsion to artillery rounds 
is that less and less space is available for the war­
head and for a guidance system, which starts to 
become a necessity at longer ranges as the ac­
curacy of a purely ballist ic round degrades; or, 
conversely, that the round grows larger and 
larger. 

Guided Artillery.-The Army is now acquiring 
a "smart" 155 mm artillery shell known as Cop­
perhead that homes in on a target illuminated by 
a laser designator. Although Copperhead (also 
known as M712) is a short-range weapon in terms 
of follow-on forces attack scenarios (16 km) and 
requires a forward-observer (or a remotely piloted 
vehicle) to handle the laser designator, the prin­
ciples involved in Copperhead could be extended 
to longer ranges if it proves feasible to incorporate 
such guidance systems into rocket-assisted or 
ramjet-powered rounds. A new sensor is being 
developed for Copperhead (Copperhead II) that 
would allow the projectile to home in on the tar­
get autonomously. (The sensor is a two-color IR 
detector that looks for the characteristic "signa­
ture" of a tank. It is being developed in a joint 
project that w ill also have applications to the ter­
minally guided submunition (TGSM) being devel­
oped for the ATACMS missile, discussed below.) 
The cost of Copperhead is now $35,000 per 
round . 

EM Guns.-Much further in the future are elec­
tromagnetic guns, or "rail guns," that would 
achieve greater ranges through an entirely new 
propulsion technology. Electric generators, per­
haps powered by diesel fuel, would provide the 
propulsion energy now provided by an explosive 
charge. In principle, an electromagnetic gun 
would be easier to resupply (diesel fuel is easier 
to move than the conventional artillery propel­
lant) and would have a longer range; in addition, 
an EM gun would not subject the projectile to 
the very high initial acceleration of artillery that 
requires electronics systems incorporated into ar­
tillery projectiles (guidance and smart submuni­
tions) to be engineered to withstand that shock. 
Even optimistic projections, however, do not 
place initial production of an EM gun before the 
first decade of the next century. 

Munitions 

The representative approaches to carrying out 
follow-on forces attacks described in the sum­
mary identified three broad classes of targets: 
armored maneuver units; "hard" fixed targets, 
such as bridges and heavily reinforced concrete 
command posts; and "soft" area targets, includ­
ing movable command posts, air defenses, sur­
face-to-surface missile units, and other lightly 
armored or unarmored vehicles within the ma­
neuver units. 

Combat Vehicles 

The principal targets for follow-on forces attack 
are the follow-on forces themselves, which are 
made up of large numbers of armored combat 
vehicles (e.g., tanks, personnel carriers, infantry 
fighting vehicles) along with about twice as many 
trucks and other light vehicles. They may be on 
trains moving across Poland, or, closer to the bat­
tle area, moving along roads either on transporter 
trucks or under their own power; at intervals they 
may also be stopped, either pulled off along roads 
or arrayed in assembly areas. 

The fact that they are moving much of the time, 
however, and the fact that at least the tanks (less 
so the other armored vehicles) are heavily pro­
tected against conventional high explosive mu­
nitions, imposes some special requirements on 
the munition-delivery system package. During the 
time that elapses from the moment a target is lo­
cated, to the time that that intelligence can be 
processed, an order to attack issued, and a de­
livery system finally arrives over the target area, 
the target may well have moved. Thus either the 
munition must have a large kill radius to com­
pensate for the uncertainty in the target's final 
position, or the delivery system must have some 
autonomous capability-either a human or a so­
phisticated automatic target recognition system­
to look for the target and adjust its course ac­
cordingly. 

The increasingly heavy armor on Soviet tanks 
means that a virtual direct hit is required to cause 
any damage-a 500-lb Mk-82 bomb would have 
to land literally within a meter of a tank to beef­
fective. One solution to this problem is the use 

29 

of "smart" precision guidance on the delivery sys­
tem, as is done in the Maverick air-to-ground mis­
sile. The solutions that apply directly to munitions 
are of two general types: 

1. cluster bombs, which blanket the target area 
with many small, unguided submunitions; 
and 

2. smart submunitions, which incorporate guid­
ance or sensor electronics into the submu­
nitions themselves. 

By spreading the kill mechanism over a wide 
area, both of these approaches increase the ef­
fective kill radius of the weapon as compared to 
a unitary warhead of equivalent weight; they also 
permit several targets to be killed with a single 
weapon. In the case of air-delivered munitions, 
this means the pilot need only look for an array 
of vehicles ratherthan pinpointing each individ­
ual vehicle and attacking it separately, one tar­
get per pass; for both air and ground delivery, 
it reduces the delivery accuracy needed. 

The use of smaller submunitions in the place 
of a single 500 lb or 2,000 lb bomb in turn, how­
ever, requires the development of lethal mech­
anisms more sophisticated than simple high ex­
plosive blasts. The two principal technologies are 
the shaped charge, which focuses a relatively 
small explosion into a concentrated jet of gas that 
more readily penetrates armor (but which, con­
versely, has to hit the target directly to be effec­
tive); and the self-forging fragment or explosively 
formed penetrator, a thin, extremely high velocity 
metal slug that impacts (and may penetrate) the 
tank armor, causing fragments of armor to spall 
off on the inside of the tank. A number of the 
concepts discussed below-particularly those em­
ploying explosively formed penetrators, which, 
as a rule, are less able to penetrate armor than 
shaped-charge warheads-envision attacking tanks 
from the top, where the armor is the thinnest. 

Armored combat units can also be attacked by 
mines. Traditionally, mines have been considered 
a delaying tool; in a typical scenario they would 
be used to create a chokepoint where vehicles 
back up, forming a lucrative target for direct at­
tack by air- or ground-delivered weapons. Recent 
techno logical developments, though, which al-
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low mines to be emplaced remotely-either by 
aircraft, or by artillery or rockets-and which in­
corporate smart sensors and an extended area 
of effect into mines, may increase their effective­
ness to the point where they can be considered 
antiarmor weapons in themselves. 

All of these new antiarmor systems face con­
tinuous improvements in Soviet armor. Com­
posite armors with spacings between layers pro­
vide significant increases in protection. Reactive 
armor-layers containing small explosive charges 
that are set off when hit by an antitank weapon 
-can degrade the effectiveness of modest-sized 
shaped charges. Other advances in armor effec­
tiveness are likely to be made by the time many 
of the new antiarmor systems discussed here can 
be fiel.ded. 

CLUSTER BOMBS 

Rockeye.-Built in the 1960s and procured in 
considerable quantities, the Rockeye is a 500-lb­
class bomb; after release, a time fuze triggers the 
bomb to break apart, releasing 247 unguided 
antiarmor shaped-charge bomblets. 

According to the Air Force, Rockeye is not ef­
fective against the newer Soviet tanks; it would, 
however, be effective against more lightly ar­
mored vehicles and older tanks still in the inven­
tories of non-Soviet Warsaw Pact armies. 

CEM.-The principal new Air Force cluster 
weapon is the Combined Effects Munition, which 
consists of 202 beer-can-sized bomblets in a Tac­
tical Munitions Dispenser; the TMD is a new 
general-purpose, 1,000-lb-class submunition dis­
penser designed to be dropped from as low as 
200 feet. An air bag on each bomblet causes it 
to descend vertically, increasing its probability of 
hitting the vulnerable top of an armored target. 
The CEM bomblets consist of a shaped charge 
for penetrating armor, inside a fragmenting case 
which produces shrapnel that can damage trucks 
at 20 m and aircraft or personnel at 80 m; a zir­
conium incendiary capable of igniting diesel fuel 
at a distance of 3 m is also included. Against 
tanks, however, it is effective only on the more 
lightly armored surfaces. The TMD can be ad­
justed to produce a pattern of bomblets on the 
ground ranging from roughly 100 to 300 m long. 

Deliveries to inventory began this year; approxi­
mately 30,000 are to be purchased by the end 
offiscal year 1988; and the procurement goal is 
200,000 to 300,000. The cost is approximately 
$20,000 per fully loaded TMD. 

KB-44.-Designed for use in the MW-1 submu­
nition dispenser, the KB-44 is a small, shaped­
charge bomblet weig~ing half a kilogram. Tail fins 
stabilize its flight. A fully loaded MW-1 dispenser 
delivers 4,500 KB-44s. The MW-1 dispenser is 
carried on the German-British-Italian Tornado 
fighter; it remains fixed on the aircraft's under­
belly and rapidly ejects the submunitions in se­
quence when the aircraft passes over the target. 
(It thus requires the aircraft to fly directly over 
the target; a toss delivery is not possible.) The 
MW-1 is too long to fit on other aircraft; Germany 
is developing another version-the Modular Dis­
penser System-to be compatible with all NATO 
aircraft. 

DPICM.-The current warhead for the MLRS 
rocket launcher-so-called MLRS phase I-con­
tains 644 dual-purpose improved conventional 
munitions (DPICM) per round which are scattered 
over a 100-meter-radius circle on the ground. 
Each DPICM contains a small shaped charge sur­
rounded by a fragmenting case, so that it is ef­
fective against both light armor and materiel and 
personnel. (The DPICMs are slightly smaller than 
the CEM bomblets.) The United States has so far 
acquired 14,000 MLRS rockets with DPICM war­
heads; plans call for a total inventory of 362,000. 

SMART SUBMUNITIONS 

Smart submunitions offer in principle several 
advantages over either conventional bombs, clus­
ter bombs, or precision-guided bombs. The two 
major types of smart submunitions, terminally 
guided submunitions and sensor-fuzed submu­
nitions, both operate by searching out an area 
on the ground for a tank or other armored vehi­
cle and accurately delivering a projectile to it. 
(The terminally guided submunitions fly directly 
into the target, sometimes described as "hit-to­
kill"; the sensor-fuzed submunitions shoot an ex­
plosively formed penetrating rod into the target 
from a distance of 100 m or so, described as 
"shoot-to-kill.") Because they are small, several 

submunitions can be packed in the space of a 
single conventional bomb; because they can 
search out areas 100 to several hundred meters 
across, they do not have to be precisely deliv­
ered by aircraft or surface-to-surface weapons; 

' and because they are able to detect and precisely 
locate the target, autonomously, they can achieve 
a greater number of kills per pass. 

Two sensor technologies have been used to 
date in smart submunition designs: infrared de­
tectors, which sense heat-typically coming from 
the tank's engine compartment; and millimeter 
wave detectors, which can either be passive­
which sense a different wavelength of heat radi­
ation than do infrared detectors, but with poorer 
resolution-or active, which is a form of radar, 
with better resolution than typical longer wave­
length radars. 

How well these sensors can detect tanks un­
der a variety of conditions, including the pres­
ence of countermeasures that the Soviets might 
deploy, is currently being tested in a joint Army­
Air Force program. The performance of the war­
heads is also being tested. The results of these 
tests are expected to influence strongly the course 
of development of new sensors and the choice 
of submunitions for new weapons systems. 

The major issues that will determine the choice 
between a terminally guided submunition (TGSM) 
and a sensor-fuzed weapon in any given appli­
cation are: 

• cost (sensor-fuzed weapons are cheaper by 
a factor of 5 to 1 O); 

• "footprint" -the area on the ground searched 
(TGSMs cover an area some 50 times greater); 
and 

• lethality (TGSMs, which use a shaped-charge 
explosive, have a greater penetration than 
the explosively formed penetrators). 

TGSM.-The terminally guided submunition in­
corporates some of the automatic target recog­
nition and guidance concepts discussed in con­
nection with cruise missiles; however, because 
it is specifically an antitank weapon and as such 
has a limited target set to search for, the tech­
nology is simpler-it is not so much target rec­
ognition as target detection. In the typical deploy-
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ment, TGSMs would be released from a missile, 
rocket, artillery shell, or aircraft and, after falling 
to an altitude of several hundred meters, would 
begin to glide at a steady altitude with their 
seekers scanning back and forth across a track 
on the ground, 500 to 1,000 m wide. The length 
of the search "footprint" depends on the speed 
and altitude at which the TGSMs are released; 
it might typically be several kilometers. When the 
seeker detects an object on the ground that 
matches the characteristics of a tank, it sends a 
signal to the guidance system to steer toward it 
by adjusting its control fins. A shaped-charge war­
head, containing a few kilograms of explosive, 
detonates on impact. 

A TGSM was developed for the Assault Breaker 
demonstration project. Closest to actual deploy­
ment is a millimeter-wave TGSM now being de­
veloped for the MLRS rocket (usually referred to 
as MLRS phase Ill, or the MLRS Terminally Guided 
Warhead (TGW)). The project is a French-German­
British-United States collaboration, with 40 per­
cent of the funding coming from the United States 
and the remainder split equally among the other 
three partners. Low-level initial production is 
scheduled to begin in late fiscal year 1989 with 
full production by fiscal year 1992. Current plans 
call for six TGSMs to be packed into each MLRS 
rocket, though there are some doubts that it will 
prove feasible to keep the size of the TGSMs un­
der the 26-inch length limit that this goal pre­
scribes; three larger TGSMs (which would on the 
other hand have larger warheads) might be used 
instead. 

The U.S. Army has favored an infrared sensor 
for the TGSM, and is planning a 1-year program, 
beginning in June 1986, to develop a candidate 
two-color IR seeker for use in an ATACMS mis­
sile (known as ATACMS Block II; Block I is the 
conventional APAM warhead discussed below). 
A decision to proceed with full-scale develop­
ment of the ATACMS Block II would come in fis­
cal year 1989. The seeker would be gun-hard­
ened-that is, capable of withstanding the shock 
of being fired from mortar or artillery-so that it 
could also be used in a guided artillery shell such 
as Copperhead 11. 

The Air Force is also supporting an analysis 
project that is examining the utility of air-launch-
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ing TGSMs from a Tactical Munitions Dispenser 
or a dispenser version of the air-to-ground mis­
sile, AGM-130. 

Skeet, Search and Destroy Armor (SADARM). 
-Unlike the TGSMs, the sensor-fuzed weapons 
do not fly into the target; they descend in a fixed 
vertical or parabolic free-fall trajectory, scanning 
a much narrower piece of ground for a target, 
and fire a self-forging penetrator when they de­
tect a target. Because of the narrower search area, 
much simpler infrared (IR) or millimeter wave de­
tectors can be used (they are referred to as "sen­
sors" to distinguish them from the much more 
sophisticated "seekers" employed in TGSMs) and 
the expensive guidance systems of the TGSMs 
which are needed to translate the data collected 
by the seeker into control signals for the steer­
able tail fins are eliminated altogether. (As a rule 
of thumb, 70 or 80 percent of any guided mis­
sile's cost is in the guidance systems; cost of one 
SADARM is estimated to be several thousand dol­
lars as compared to $20,000 to $50,000 for a 
TGSM.) 

The Air Force's version (known by the Air Force 
as simply the Sensor-Fuzed Weapon or SFW or 
by the contractor's name for the submunition, 
"Skeet") is designed to be dispensed from a Tac­
tical Munitions Dispenser. All of the sensor-fuzed 
weapons must spin while descending so that the 
fixed sensor or sensors on the submunition can 
scan out an area on the ground. The Air Force 
SFW employs a complex deployment sequence 
to achieve this spin and to allow deployment at 
low altitudes; the Skeet are ejected, spinnin:5, in 
a 100-m long parabolic trajectory. Each TMD con­
tains 40 Skeets; all together they cover an area 
on the ground, with the theoretical possibility of 
hitting as many as 40 vehicles in that area. The 
SFW submunitions employ a two-color IR sensor, 
which "looks" for the engine compartment of a 
tank. 10 In a test conducted at Sandia, New Mex­
ico in September 1985, in which four Skeets were 
mechanically tossed over tanks, all four hit the 

10The original version, which used only a single-color IR sensor, 
suffered from a problem known as " fratricide": the flash of one 
Skeet firing would be picked up by the IR sensors of all of the other 
Skeet in the area, triggering them to go off as well. Two-color sen­
sors are able to estimate the target' s temperature and thus distin­
guish a warm tank from the flash of other Skeet firing and from 
flares which might be used as decoys. 

targets; three of the four hits were considered to 
have been "kills" that would have put the tanks 
out of action. The Air Force recently decided to 
proceed with a $57 million full-scale develop­
ment program. Production could begin in fiscal 
year 1989; the procurement objective is 14,000 
TMD-loads at a total cost of approximately $2 
billion. 

The Army's sensor-fu~ed submunition program, 
known as SADARM (for "Sense and Destroy Ar­
mor"), is about to begin engineering develop­
ment of submunitions for 155 mm artillery and 
MLRS rockets. Both will use simple IR and milli­
meter wave sensors. In each case, the SADARMs 
are deployed from the shell on a parachute that 
is designed to rotate as it drops, causing the sub­
munition to spin around the vertical axis. The sen­
sor, which looks down at a 30-degree angle from 
the vertical, thus scans out a collapsing spiral on 
the ground, covering a circle with a diameter of 
roughly 150 m. The accuracy of the shot is de­
termined in effect by the accuracy of the sensor. 

A SADARM has already been developed for the 
larger 8-inch artillery shell, and was successfully 
demonstrated in a test-firing in April 1985, in 
which a shell containing one SADARM submu­
nition was shot 10 km and the SADARM de­
ployed and hit its target. The Army has decided 
not to proceed with production of the 8-inch ver­
sion, however. The MLRS effort began in the 
second-quarter of fiscal year 1986, with the 155 
mm to follow in fiscal year 1987; both will be gun­
hardened and the goal is that they will have 70 
percent of parts in common. Initial low-level pro­
duction would begin 2½ years after the start of 
the development work in each case; the first ones 
would be fielded in 4½ years. The MLRS SADARM 
can be of the same diameter as the SADARM de­
veloped for the 8-inch gun, and can thus be avail­
able sooner than the 155 mm version; the major 
challenge is reducing the cost. The 155 mm ver­
sion poses a greater technical challenge, as the 
8-inch version (which has an outer diameter of 
6.9 inches) will have to be shrunk to a 5.9 inches 
outer diameter. (The smaller size makes packag­
ing the sensors more difficult; it also requires 
using a smaller penetrator, which will be less le­
thal.) An MLRS rocket could carry six SADARMS, 
which together would cover an area of roughly 
400 m by 400 m on the ground. 

MINES 

Two major advances in technology have oc­
curred that may make mines attractive candidates 
for follow-on forces attack missions. First, meth­
ods for dispensing mines remotely-from artillery, 
rockets, or aircraft-have been developed; and 
second, the lethality of mines against armored tar­
gets has been greatly increased. The usual con­
cept of employing mines calls for antipersonnel 
mines to be scattered along with the antiarmor 
mines in order to make clearing the minefields 
with infantry as difficult as possible. 

FASCAM.-The Army and Air Force have de­
veloped and are now acquiring two basic types 
of remotely deliverable mines-antitank and anti­
personnel-known generically as FASCAM (for 
"family of scatterable mines"). The Air Force ver­
sion, known as GATOR, consists of a 1,000-lb­
class tactical munitions dispenser containing 72 
antitank mines and 22 antipersonnel mines. The 
mines land over a 200-foot by 300 to 400 foot 
area on the ground when the TMD is dropped at 
an altitude of 200 feet. The TMD can be carried 
on all NA TO aircraft. The Army versions are deliv­
ered in a 155-mm artillery shell, carrying 36 anti­
personnel mines (known as ADAM) or 9 antitank 
mines (RAAM) per shell. Helicopter, truck, and 
hand emplaced versions are also being acquired. 

Although there are differences in the Air Force 
and various Army versions, most of the compo­
nents of the mines are shared. The antitank mine 
has a magnetic sensor that is activated when a 
tank passes directly over; an explosive charge is 
then set off which forms a steel plate at the top 
of the mine into a high-speed slug which pene­
trates the lightly armored belly of the tank. The 
antipersonnel version unreels long (20 feet for 
ADAM, 40 feet for GATOR) triplines on descent; 
a large fragmentation grenade is set off when the 
triplines are disturbed. Both mines self-destruct 
after a preset time. The Air Force began purchas­
ing GATORs in 1983, at a cost of $55,000 per 
GATOR; approximately 1,500 are now in the in­
ventory. Both ADAM and RAAM are currently in 
production; approximate costs are $4,000 per 
ADAM shell and $5,000 per RAAM shell. 

The Army Armament Research and Develop­
ment Center is examining new sensors, including 
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acoustic, seismic, infrared, and optical sensors 
that may be more resistant to countermeasures; 
remote control of mines (which could for exam­
ple allow mines to be emplaced and activated 
or cleared by radio command at a later time); and 
new warheads. 

Miff .-The West Germans have developed a 
similar air-delivered antitank mine, MIFF. At 
present, it can be delivered only by the German­
British-Italian Tornado aircraft equipped with the 
10,000-lb MW-1 submunition dispenser; 896 
MIFFs are spread over a large area, 500 m wide 
by 180 to 2,500 m long. The Ml FF employs seis­
mic and magnetic sensors and a shaped charge 
explosive. 

AT-2.-West Germany is developing a scatter­
able mine to be carried in MLRS rockets; the pro­
gram is designated MLRS Phase II. The mines-
28 per rocket-descend on a parachute and auto­
matically right themselves after landing. A wire 
antenna which mechanically senses a tank pass­
ing over sets off a shaped-charge explosive. Al­
though the United States is committed to assisting 
the research effort by developing the packaging 
needed to integrate the mine into the rocket, 
there is little interest in the Army to purchase the 
mine when full-scale production begins in 1988. 
The U.S. Army Training and Doctrine Command 
is, however, reviewing the need for an MLRS­
deliverable mine. West Germany and Italy are 
committed to purchasing the AT-2; Britain and 
France have expressed interest. 

ERAM.-The Air Force has developed a pro­
totype "smart" mine that is indicative of the di­
rection in which mine technology is heading: 
ability to control a wide area (and thus the abil­
ity to command a road from a concealed posi­
tion to one side), to discriminate between tanks 
and lower value targets, and to attack the lightly 
armored areas of the tank (in this case the top). 
The ERAM (extended-range antiarmor mine) con­
sists of nine mines (BLU-101 submunitions in the 
Air Force's designation) in a tactical munitions 
dispenser. The TMD is dropped, and the mines 
dispensed sequentially, falling by parachute over 
a ground pattern typically 200 to 300 m long. 

When a seismic sensor picks up a tank's vibra­
tion, the mine's main electronics are switched on 
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and three acoustic sensors begin to track the 
tank's movement; the seismic and acoustic sen­
sors together can determine the location of the 
tank, its speed and direction, and can distinguish 
between tanks and other vehicles. When the tank 
reaches its closest approach to the mine, the mine 
rotates and fires a Skeet submunition up and over 
the tank. The submunition, which itself contains 
an infrared sensor (a more complete description 
appears above in the section on smart submuni­
tions) flies in a 200-foot-long, 50-foot-high arc, 
searching for the precise location of the tank. 
When the IR sensor detects the tank (it looks par­
ticularly for the hottest spot on the tank, namely 
the lightly protected engine compartment), the 
Skeet fires a self-forging fragment directly down 
onto the top of the tank. The mine thus covers 
a range of 200 feet in all directions; it is equipped 
with two Skeets, as well as three fragmentation 
grenades that are lobbed out when the detectors 
sense the approach of personnel. 

After final tests of a prototype, the Air Force 
decided not to proceed with full-scale develop­
ment in fiscal year 1987 as originally planned. The 
estimated cost is $75,000 per TMD-load. The 
Army Armament Research and Development 
Command is exploring an almost identical con­
cept for development by the Army. 

Hardened Fixed Targets 

Bridges and tunnels, which may be important 
targets in the effort to halt the movement of 
follow-on forces forward, are representative of 
a class of hard, fixed targets. Their location is 
known in advance; but to destroy them requires 
a very precise hit with high explosives. Taking out 
a bridge, for example, may require hitting a sup­
port member to within a meter or less. The hard­
ness of these targets poses other problems for 
conventional munitions as well: a bomb may ac­
tually bounce off, it may fail to penetrate far 
enough .into the target before detonating, or the 
fuzes may be damaged on impact. 

Two general approaches to munitions are be­
ing pursued to deal with these targets: bomb 
cases can be hardened to increase their penetra­
tion; or rocket motors can be added to acceler­
ate the projectile through the fortifications ("ki-

netic energy penetration"). Although most of the 
existing boosted kinetic energy penetrators have 
been developed for cratering runways, the basic 
concepts are applicable to penetration of other 
hardened targets. 

1-2000/HAVE VOID.-The conventional 2,000-
lb Mk-84 bomb is capable of penetrating 3½ feet 
of concrete if it strikes it perpendicularly; the 
penetration drops off sharply as the angle of im­
pact decreases, to the point where the bombs 
may actually bounce off. In addition, penetration 
of hard targets sometimes damages the fuze of 
the bomb, which then fails to detonate. The Air 
Force has initiated a quick program to develop 
an improved Mk-84 to be used with a Paveway 
II laser guidance kit on the F-4E fighter. A forged 
steel case will replace the rolled and machined 
steel of the Mk-84; and the nose and aft fuzes of 
the Mk-84 will be replaced with a single aft fuze. 
Penetration of 6 feet of concrete with a perpen­
dicular impact and 3 feet at a 45-degree angle is 
expected. The fuze is factory set to detonate the 
bomb at a fixed time interval after impact to allow 
the bomb to penetrate. A production contract 
was awarded in June 1985 and a limited buy of 
1,300 is planned . Cost is $14,000 per bomb; the 
Paveway II guidance unit adds another $15,000. 

1-2000 P31.-A longer term program, with pro­
duction planned to begin in fiscal year 1987, will 
adapt the initial 1-2000 bombs from the HAVE 
VOID program for use with the GBU-15, Pave­
way Ill, or as an unguided bomb; it will preserve 
the mechanical characteristics of the Mk-84 and 
will be compatible with the F-4, F-15, F-16, and 
F-111 aircraft. 

Hardened Target Munitions.-The Air Force 
Armament Lab is planning a development pro­
gram, beginning in 1987, to examine several ad­
vanced concepts for hard target penetration, in­
cluding a "smart" fuze that could be adjusted 
to detonate the bomb only after several layers of 
concrete and voids had been penetrated (which 
would allow the bomb, for example, to penetrate 
a selectable number of floors through a building); 
and rocket-boosted penetration, discussed below. 

Durandal.-France has developed a 500-lb 
bomb which is deployed on a parachute; when 
the bomb has decelerated and is aiming towards 

the ground at an angle, the parachute is jettisoned 
and a rocket motor ignites, driving the bomb into 
the target. The fuze sets the bomb off after a de­
lay to allow it to reach an appropriate depth. The 
Air Force has purchased the Durandal as a stop­
gap while the BKEP (see below) is developed; but 
it is generally considered a cumbersome weapon 
for its intended purpose because it is a large uni­
tary weapon-each one making only one hole­
requiring many sorties before a runway is cov­
ered with enough holes to make it unusable over 
its entire length . It is also not suitable for use as 
a guided weapon in its current form. 

BKEP, JP-233, ST ABO, ASW.-AII four of these 
submunitions are much smaller weapons than the 
Durandal1 1 and are designed to be deployed by 
a dispenser (BKEP in a tactical munitions dis­
penser or a dispenser version of the AGM-130; 12 

ST ABO and ASW in the MW-1; and JP-233 in a 
similar dispenser also built for the Tornado air­
craft). All use some form of boosted penetration; 
BKEP, which is slated by the Air Force for full­
scale development in fiscal year 1986, and JP-233, 
a British weapon that the Air Force was at one 
time participating in the development of, are 
quite similar in operation to the Durandal. The 
ST ABO, and the ASW (designed to penetrate air­
craft shelters), use a shaped charge to create an 
entry hole in the target on contact and then ig­
nite a small charge to drive in the projectile; a 
time delay sets off the main charge. 

None of these submunitions can themselves be 
guided; rather, they seek to make up for a lack 
of terminal accuracy in numbers, blanketing the 
tar-get area. 

Soft Area Targets 

Soft targets-surface-to-air or surface-to-surface 
missile launchers with their associated commu­
nications and radar trucks, supplies and trucks 
in a depot, field headquarters-are generally 
movable (rather than fixed, as bridges; or mobile, 
as tanks) and spread out over some area. The 

11 The BKEP, for example, is 4 inches in diameter and 43 inches 
long and weighs only 45 lbs, of which a mere 6.5 lbs is high 
explosive-as against the 500 lb Durandal. 

12The actual deployment for airfield attack would contain a mix 
of BKEPS (to damage the runways) and mines (to hinder repair oper­
ations) in each dispenser load. 
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principal weapons against these targets are clus­
ter bombs that contain fragmenting bomblets. 
Smart weapons are also being considered for the 
special case of surface-to-surface missile launchers 
which can relocate after firing; it is the firing that 
gives away its position, but by the time that a mu­
nition can be delivered against it, the launcher 
will be on the way to a new and safer position 
and may be a half a kilometer or more away. 

APAM.-The conventionally armed Lance mis­
siles are-and at least the first batch of ATACMS 
(referred to as ATACMS Block I) will be-armed 
with antipersonnel/antimateriel (APAM) cluster­
bomb submunitions designated M74; these are 
spherical, baseball-sized bombs with a tungsten 
fragmenting case. The ground pattern can be con­
trolled by the height at which the warhead is 
fuzed to air-burst. The APAM is ineffective against 
armor. 

AMIS.-Diesel fuel is an attractive target, both 
in supply dumps and in light vehicles; but it is 
relatively hard to ignite. The AMIS, or antimateriel 
incendiary submunition, breaks into fragments 
designed principally to pierce truck fuel tanks, 
producing a mist of diesel fuel; an incendiary then 
ignites the vapor. It is designed to kill a diesel­
fueled vehicle at a range of 40 feet. The AMIS 
is designed to be carried in a standard aircraft tac­
tical munitions dispenser, 30 per dispenser load. 
Advanced development has been completed, 
and the Air Force has no plans at present to con­
tinue with the program. 

Focused-Fragment SADARM.-To be effective 
against an imprecisely located surface-to-surface 
missile launcher, a munition will need to have 
a very large kill radius. A program to develop a 
smart submunition for this task, to be used in an 
ATACMS missile (designated ATACMS Block Ill), 
is beginning in fiscal year 1986. Both SADARM 
and TGSM submunitions are candidates. 

To be effective as an area weapon against soft 
targets, the SADARM' s explosively formed pene­
trator rod would be replaced with a "focused 
fragment" warhead that produces a large num­
ber of larger-diameter, though shorter, fragments. 
(Against lightly armored or unarmored targets the 
single long explosively formed penetrator is rela­
tively ineffective: it owes its lethal effect to the 
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spalling that occurs when it strikes heavy armor. 
When it strikes a truck, for example, it simply 
forms a small hole and passes right through with­
out producing any collateral damage.) 

The large search "footprint" needed to cover 
the wide target area would be achieved by im­
proving the SADARM sensor and by dispensing 
many SADARMs-the SADARM is smaller and 
less expensive than the TGSM, which makes this 
a reasonable idea. 

large-Footprint TGSM.-ln order to search out 
a greater area on the ground, a TGSM for ATACMS 
Block Ill will require an improved seeker able to 

detect and begin homing in on the target from 
a greater distance. Two technology projects are 
now under way, looking at a dual-mode seeker, 
which combines IR and millimeter wave in a sin­
gle seeker, and an imaging infrared seeker, which 
produces a picture-quality infrared image of the 
scene containing far greater detail than the very 
"patchy" digital picture of the conventional IR 
seekers. The advanced technology seekers could 
also be incorporated into the ATACMS Block II 
at a later stage to improve their antiarmor capa­
bility. 

Costs are uncertain at this stage; estimates range 
from $20,000 to $50,000 per TGSM. 

AAFCE 

ACE 

AG 

AFCENT 
AGM 
AGM-130 

ALB 

AMIS 
AMRAAM 

APAM 

Aquila 

ASAC 
ASARS II 

ATACMS 

ATAF 

ATOC 

BE 
c2 
CJ 

-Allied Air Forces Central Europe: the 
NATO air force command for the Cen­
tral Region 

-Allied Command Europe: ACE includes 
the Central Region and both the north­
ern and southern flanks, and is com­
manded by SACEUR 

-army group: a ground force command 
echelon in NATO; Army Groups in the 
Central Region are NORTHAG and 
CENTAG 

-Allied Forces Central Region 
-air-to-ground missile 
-a short-range rocket-powered air-to-

ground missile derived from the GBU-15 
-AirLand Battle: U.S. Army doctrine (en­

dorsed by the U.S. Air Force as appro­
priate) for the conduct of army oper­
ations 

-antimateriel incendiary submunition 
-advanced medium-range air-to-air 

missile 
-antipersonnel/antimateriel munition : 

the warhead carried by the conven­
tional version of the Lance missile and 
by block I of the AT ACMS missile 

-U.S. Army-developed remotely piloted 
vehicle 

-All-Source Analysis Center 
-Advanced Synthetic Aperture Radar 

System II: a U.S. Air Force high resolu­
tion ground surveillance imagery radar 
system, which can detect stationary 
objects 

-Army Tactical Missile System: a ballis­
tic missile, also called Army TACMS, or 
TACMS 

-Allied Tactical Air Force: an air force 
command echelon in NATO; ATAFs in 
the Central Region are 4A T AF and 
2ATAF 

-Allied Tactical Operations Center: a 
NATO C2 facility for offensive and sup­
porting air operations in the Central Re­
gion, subordinate to the ATAF; there 
are four ATOCs in the Central Region 

-Belgium (NATO designator) 
- command and control 
-command, control , and communi-

cations 

C31 

CEM 

Glossary 

-command, control , communications, 
and intelligence 

-Combined Effects Munition: Air Force 
cluster bomb 

CENT AG -(NATO) Central Army Group: made up 

CGSC 

CHOP 

of four corps in southern Germany 
-Command and General Staff College of 

the U.S. Army 
-change of operational control: from na­

tional commanders to NATO com­
manders 

CINCENT -(NATO) Commander-in-Chief, Central 
Region : the commander of AFCENT 

COMAAFCE-(NATO) Commander, Allied Air Forces 
Central Europe: the commander of 

DARPA 

DPICM 

AAFCE 
-Defense Advanced Research Projects 

Agency 
-dual-purpose improved conventional 

munition 
ECM -electronic countermeasures 
ECCM -electronic counter-countermeasures 
EO, or E-O -electro-optical : TV-like, employing 

ERAM 
FASCAM 
FUR 

FLOT 

FRG 
front 

FSCL 

GATOR 

GBU-15 

vacuum tubes or semiconductor de­
vices to convert optical (visible, ultra­
violet, or infrared) radiation into elec­
trical currents 

-extended-range antiarmor mine 
- family of scatterable mines 
-forward-looking infrared: an airborne 

system for locating targets and control­
ling weapons at night 

-forward line of own troops: the approx­
imate point at which opposing ground 
forces are in contact; sometimes used 
in the sense of a "battle line" 

- Federal Republic of Germany 
-a Soviet command echelon above 

" army" 
-fire support coordination line: a line 

establ ished at approximately the range 
of fire of NATO artillery, or about 25 
to 35 km into enemy area across the 
FLOT 

-air-delivered antitank and antiper­
sonnel mines 

-a Glide Bomb Unit, which is "thrown" 
by an attacking aircraft and guided 
toward the target from the aircraft, but 
which has no propulsion of its own 
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GE 
GSM 

1-2000 

IFF 

1GB 

IR 
IIR 
JSTARS 
JTACMS 

-West Germany (NATO designator) 
-Ground Station Module: a mobile 

ground station being developed by 
Motorola for the U.S. Army for use with 
the Joint STARS airborne radar system 

-improved 2,000-lb bomb, designed to 
penetrate hard targets 

-identification of friend or foe: the proc­
ess of attempting to determine whether 
vehicle or unit (etc.) belongs to friendly 
forces, enemy forces, or neutral parties 

-inner-German border: the boundary 
between West and East Germany. Some­
times called the inter-German border 

-infrared 
-imaging infrared 
-see Joint STARS 
-Joint Tactical Missile System; joint 

Army-Air Force development program 
for medium-range conventional cruise 
missile 

Joint STARS-Joint Surveillance Target Attack Radar 
System: a developmental airborne ra­
dar system carried on C-18 aircraft in­
tended to locate fixed or moving tar­
gets on the ground and to control 
attacks against such targets using tacti­
cal aircraft or guided munitions 

LANTIRN -Low Altitude Navigation and Targeting 
Infrared System for Night: a system for 
low altitude all-weather navigation and 
targeting for tactical aircraft 

LOC -lines of communications 
LOCPOD -Low Cost Powered Off-Boresight Dis­

penser: NATO development project for 

LRSOM 
air-launched submunition dispenser 

-Long Range Standoff Missile: a tri­
national (U.S., U.K., FRG) feasibility 
study for a long-range cruise missile 

Maverick -guided short-range air-to-ground anti-
armor missile used by the U.S. Air 
Force 

Mk-82 -general-purpose 500-lb bomb 
Mk-84 -general-purpose 2,000-lb bomb 
MLRS -multiple launch rocket system 
MLRS/TGW -terminally guided warhead for the 

MMW 
MTI 

NL 

MLRS 
-millimeter wave 
-moving target indicator: a type of radar 

useful for surveillance of moving ob­
jects such as aircraft or ground vehicles 

-Netherlands (NATO designator) 

NORTHAG -NATO Northern Army Group: four 
corps in northern half of Germany 

Paveway -laser-guided bomb used by the U.S. Air 
Force 

PAVE TACK-a forward-looking infrared pod carried 
by aircraft to locate targets at night and 

PLSS 

PLSS GS 
RPV 

SAC 

SACEUR 

control laser-guided bombs 
-Precision Location Strike System: an 

airborne surveillance and control sys­
tem carried on TR-1 aircraft intended 
to detect, identify, and accurately 
locate advanced (pulsed, frequency­
hopping) enemy radar transmitters and 
some types of jammers in near real time 
and to guide weapons or aircraft to 
such targets with sufficient accuracy to 
destroy them; the continuation of the 
program is currently in question 

-PLSS Ground Station 
-remotely piloted vehicle: usually refer-

ring to a small aircraft that communi­
cates with and is guided by a control 
station 

-Strategic Air Command of the U.S. Air 
Force 

-(NATO) Supreme Allied Commander 
Europe: the commander of NATO forces 
throughout the European theater, 
which is also known as ACE 

SADARM -Search and Destroy Armor; smart anti-

SAM 
SAR 

SFW 
SHAPE 

Skeet 

SRSOM 

SSM 
STARS 
TACAIR 
TACMS 
TERCOM 

armor submunition for surface-to-sur­
face weapons 

-surface-to-air missile 
-synthetic aperture radar: often used for 

obtaining high-resolution radar images 
of objects on the ground 

-Sensor-Fuzed Weapon; see Skeet 
-Supreme Headquarters Allied Powers 

Europe: the headquarters for SACEUR 
-smart puck-shaped antiarmor submu­

nition which can sense a target and 
send an explosively formed penetrating 
fragment towards the target at high ve­
locity 

-Short-Range Standoff Missile: a NATO 
project currently in the feasibility study 
stage 

-surface-to-surface missile 
-see Joint STARS 
-tactical aircraft 
-Tactical Missile System; see ATACMS 
-terrain comparison 

TGSM 

TGW 

TMD 

-terminally guided submunition : smart 
antiarmor submunition under consid­
eration for AT ACMS missile 

- Terminally Guided Warhead, under 
development for MLRS rockets 

-tactical munition dispenser 
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TRS -Tactical Reconnaissance System: an air-
borne reconnaissance system which in­
cludes the TR-1 aircraft, TR 1 GS or 
TREDS ground stations, and other asso­
ciated equipment 
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Office of Technology Assessment 

The Office of Technology Assessment (OTA) was created in 1972 as an 
analytical arm of Congress. OT A's basic function is to help legislative policy­
makers anticipate and plan for the consequences of technological changes 
and to examine the many ways, expected and unexpected, in which tech­
nology affects people's lives. The assessment of technology calls for explo­
ration of the physical, biological, economic, social, and political impacts 
that can result from applications of scientific knowledge. OTA provides 
Congress with independent and timely information about the potential ef­
fects-both beneficial and harmful-of technological applications. 

Requests for studies are made by chairmen of standing committees of 
the House of Representatives or Senate; by the Technology Assessment 
Board, the governing body of OTA; or by the Director of OTA in consulta­
tion with the Board. 

The Technology Assessment Board is composed of six members of the 
House, six members of the Senate, and the OT A Director, who is a non­
voting member. 

OTA has studies under way in nine program areas: energy and materi­
als; industry, technology, and employment; international security and com­
merce; biological applications; food and renewable resources; health; 
communication and information technologies; oceans and environment; 
and science, education, and transportation. 
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